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Introduction

Major depressive and bipolar disorders are prevalent mental health conditions sharing the presence of major depressive episodes (MDEs). While psychopharmacological and psychological therapies are first-line treatments for MDEs, the response is often incomplete. New approaches focused on the human-nature relationship might complement antidepressant treatments, improving response. 





Methods

This observational pilot study aims to assess the feasibility of implementing regular exposure to green environments such as woods, forests, large parks, and gardens for at least forty-five minutes twice a week in a sample of patients experiencing a MDE who require adjustments to their antidepressant therapy. It also has the purpose of detecting changes in symptoms and inflammatory biomarkers at follow-up after six weeks.





Results

Fifty-three patients were evaluated at the baseline; thirty-one completed the study. Nineteen (61%) of the completers reported regular exposure to greenery during the study. At follow-up, actively exposed patients showed trends of improvements in depressive symptoms, lower levels of C-reactive protein and interleukin-6, and higher adiponectin concentrations.





Discussion

This result suggests that incorporating green exposure into clinical practice is feasible and potentially useful. However, more rigorous evaluations on larger samples are needed to verify whether exposure to greenery may complement MDEs treatment and favorably impact MDE-associated inflammatory processes.
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1 Introduction

Mood disorders are defined as a group of psychiatric disorders characterized by the recurrence of clinically significant changes in mood state, energy, cognitive processes, sleep, or appetite (1, 2). Within this group, Major Depressive Disorder (MDD) and Bipolar Disorder (BD) are the most common conditions in the general population (1), with a prevalence of 5 and 1-2%, respectively (3). MDD is the second cause of years lived with disability and is expected to become the leading one by 2030 (4, 5); BD is currently the 27th (4). Globally, both conditions are associated with significantly reduced quality of life and life expectancy (6, 7) and carry a particularly elevated risk of premature death from natural causes (8) and suicide (8–11). A common feature of both MDD and BD is the occurrence of major depressive episodes (MDEs), which consist of periods lasting at least two weeks and characterized by depressed mood, loss of interest, disturbances in sleep and appetite, fatigue, cognitive impairment, feelings of guilt, and recurrent thoughts of death (2). Therapeutic strategies, such as antidepressant medication and psychotherapy, are available to treat MDEs and are widely recommended as first-line intervention for depression (12); although outcomes are suboptimal given that roughly half of the patients do not achieve complete remission (13–16). Inadequate response to treatments represents a significant burden for patients and their families and a relevant economic and social cost due to lost working days, reduced productivity, and high utilization of healthcare services (17).

This lack of response to first-line treatments may partially depend on the complex and poorly understood etiopathogenesis of mood disorders (18). Scientific evidence suggests that during a MDE (19) patients experience a phase of emotional, cognitive, and inflammatory disruption, accompanied by acute psychological and physical stress. The central nervous system (CNS) and the rest of the body establish a complex dialogue through cytokines, metabolism, and acute-phase proteins (engaging the psycho-neuro-endocrine-immune systems) (20), creating a dysfunctional feedback loop that negatively influences mood regulation, immune response, and stress adaptation (20). Recent research on the pathophysiological processes of depression has moved the focus from the classical alterations of the monoamine neurotransmitter systems, suggesting that a complex interplay between dysregulation of the hypothalamus-pituitary-adrenal axis (HPA) and the immune system, genetic susceptibility, maladaptive epigenetic modifications, oxidative stress-induced damage, and neurodevelopmental alterations may all contribute mechanistically to pathophysiology (21–29). Focusing on plasmatic biomarkers, MDEs in MDD and BD are associated with prolonged exposure to cortisol in response to stressors (30–32), higher levels of acute phase proteins, mainly C-reactive protein (CRP) (33, 34), complement components C3 and C4 (35–40), and pro-inflammatory interleukin-6 (IL-6) (34, 41–43), and altered metabolic profiles in terms of leptin-resistance induced hyperleptinemia (44, 45) and reduced adiponectin levels (46–50). Finally, inflammation-related brain-derived neurotrophic factor (BDNF) reduced expression is linked to cognitive and affective symptoms found in MDEs (51–54).

The high rate of patients who do not adequately respond to first-line therapies motivates the development of additional nonpharmacological treatments for MDEs in MDD and BD. Among them, there is a growing interest in multidisciplinary approaches, also known as nature-based solutions, that focus on human-nature interaction, including exposure to natural green environments (55). A recent large meta-analysis demonstrated a significant correlation between living in greener areas and reduced depression risk, with a 10% increase in green space associated with a 3.7% decrease in depression odds (56). Other studies have reported that living near green spaces reduces proinflammatory processes and chronic stress response and is associated with a lower risk of developing depression (57, 58) and a longer life expectancy (59). Green exposure effectively fosters a solid human-nature connection, consistent with the so-called “biophilia hypothesis” (60). Introduced in 1984, this theory suggests that humans have an innate connection with nature, shaped by evolution, which contributes to psychological well-being by reducing stress and enhancing cognitive function (61). A concept rooted in this idea is “Shinrin-yoku” - literally forest bathing - a Japanese practice of physical relaxation through forest aerosol showers with all senses (sight, hearing, smell, and touch) (62–64), which has been shown to lower cortisol levels, pulse rate, and blood pressure, promoting a sense of well-being (65). Accordingly, the stress reduction theory (66) posits that natural environments help alleviate stress by dampening the nervous system’s reaction to stressors, while the attention restoration theory (67) suggests that time in nature replenishes cognitive resources and enhances concentration. Beyond cognitive benefits, green exposure fosters positive affect and social connectedness, vitality, and well-being (68), all protective factors in mood disorders, while promoting opportunities for social interaction, which can counteract the social withdrawal commonly observed in depression (69).

Some of these effects of frequenting green spaces may depend on the increased exposure to molecules released in green areas, i.e., terpenes - plant secondary metabolites - that display a broad spectrum of biological activities, particularly anti-inflammatory (70) and anxiolytic ones. Once inhaled, they can affect the CNS and several brain structures, by activating olfactory receptors and subsequently influencing limbic regions such as the amygdala and hippocampus, potentially helping to reduce stress and depressive symptom (71, 72),  Alternatively, they may cross the BBB, where they may modulate neurotransmission involved in mood regulation (73), particularly through the binding with cannabinoid receptors 2 (CB2) (74–76) and γ-Aminobutyric acid type A (GABA-A) receptors (77–79). Other studies indicate that visual exposure to greenery alone (such as 3D images, videos, or virtual reality of green landscapes) can elicit similar benefits by activating brain areas related to emotion regulation (80, 81), consequently reducing stress and improving mood (82, 83). Additionally, sunlight exposure in green spaces may enhance antidepressant effects through vitamin D activation (84). These effects of light exposure are probably exerted through the activation of the retina, which in turn modulates the activity of different limbic, thalamic, and hypothalamic structures, including the suprachiasmatic nucleus, the ventrolateral preoptic nucleus, orexin areas, the amygdala, the nucleus accumbens, the perihabenular nucleus, the left hippocampus, the ventral lateral geniculate nucleus, the intergeniculate leaflet, and the lateral habenula (85).

Therefore, given the abovementioned positive effects of green exposure on depressive symptoms, stress, and inflammation and their basic mechanisms of action, we expect that repeated and regular exposure to natural greenery may benefit MDD and BD patients experiencing a MDE. Following this hypothesis, this observational pilot study has a twofold aim: first, to assess the feasibility of implementing regular green exposure in a clinical sample during the acute phase of illness (MDE) by examining recruitment, engagement with the intervention, and attrition rates; second, to explore whether participation in the intervention is associated with a decrease in MDE-related depressive symptoms and inflammatory biomarkers.




2 Materials and methods



2.1 Participants and study design

Participants were enrolled from May 2023 to March 2024 at the Struttura Complessa Psichiatria Universitaria, Dipartimento di Neuroscienze e Salute Mentale, Azienda Ospedaliero-Universitaria “Città della Salute e della Scienza di Torino”, Turin, Italy. Clinical assessment and venous blood sampling of all subjects were performed at this location.

The patients recruited were outpatients aged between 18 and 65 years, living in an urban area, and having a diagnosis of MDD or BD (according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, Text Revision (DSM-5-TR) criteria) with an ongoing MDE necessitating the initiation or modification of antidepressant treatment. MDD, BD, and MDE were diagnosed according to the DSM-5-TR criteria and assessed with the Structured Clinical Interview for DSM-5-TR Research Version (SCID-RV). Exclusion criteria were neurodevelopmental disorders, alcohol and/or substance use disorders, cognitive impairment, intellectual disability, and psychiatric comorbidities (e.g., obsessive-compulsive disorders and anxiety disorders), difficulties with walking or mobility that impair access to green areas, and pregnancy.

Due to the lack of clear reference values for the biological markers analyzed, we recruited a sample of healthy volunteers (HV). HV were defined as people not affected by any mental disorder and with a negative family history for MDD and/or BD up to second-degree relatives. To minimize potential confounding factors in the comparison between patients and HV, we selected a sample of HV comparable to the clinical sample in terms of age, sex, education, and community of origin, specifically urban areas. Diagnoses of mental disorders were excluded using the same standardized clinical tools (SCID-5-RV).

The study had a prospective design: patients were assessed by a psychiatrist, and a venous blood sample was taken at baseline (t0), i.e., during the MDE at the time of antidepressant therapy modification, and after six weeks at the follow-up visit (t1).

At baseline, patients were instructed to spend time in natural green environments. We defined green environments as all those areas with low anthropization that allow patients to be in contact with nature while distancing themselves as much as possible from the urban environment. Therefore, we considered green environments to be forests, woodlands, and extensive urban gardens or parks, allowing patients an immersive greenery experience through sight, hearing, and smell. This operational definition aligns with the Japanese concept of Shinrin-Yoku (62, 63, 65). We suggested patients be exposed to green environments for 45–60 minutes, three non-consecutive days per week, until the follow-up visit. Exposure was explained as simply spending time in nature without engaging in physical activity. Since no established scientific protocols recommended a specific duration of green exposure, we based our approach on the WHO Guidelines on Physical Activity and Sedentary Behavior, which advise at least 45 minutes of physical activity three times a week on non-consecutive days (86). Following this model, we similarly suggested a comparable frequency and duration for green exposure. HV’s data collection and blood sampling were only performed at one time point, since the only information regarding green exposure that was collected for this group concerned their usual habits, namely whether or not they had frequented green environments during the six weeks prior to recruitment.

Comprehensive information was provided on the procedures and goals of the study, and signed consent was obtained from all subjects. The study was designed in accordance with the Declaration of Helsinki and was approved by the Local Research Ethics Committee (Protocol number: 0010765).




2.2 Exposure to green, clinical, and biological markers assessment

At the baseline, all participants were evaluated using a semi-structured interview to assess socio-demographic characteristics and to investigate the relationship with green in terms of time spent in green environments, including parks, gardens, and woods, in the six weeks before the interview. HV were interviewed to assess whether they met the exclusion criteria and were considered in the exposed to greenery group if they stayed in green environments for at least 45 minutes on two non-consecutive days per week for the six weeks before enrollment and blood sampling, otherwise they were considered in the non-exposed to greenery group.

The clinical characteristics of MDD or BD and the severity of depressive symptoms were assessed by two expert psychiatrists (C.B.; A.C.) The severity of symptoms was evaluated with the Hamilton Rating Scale for Depression (HAM-D) (87), where a higher score indicates greater severity.

After six weeks from baseline (t0), patients performed the follow-up visit (t1). They were reassessed with the HAM-D scale and asked whether, during the six weeks of the study, they were exposed to green environments for at least 45 minutes on two non-consecutive days per week. According to their response at the six-week follow-up visit (t1), patients were classified as exposed to or nonexposed to green environments during the study, i.e., between t0 and t1. This classification was applied to divide patients into groups both at follow-up (t1) and retrospectively at baseline (t0).

The nursing staff conducted venous sampling of all subjects at baseline and follow-up. In the serum, we measured the concentration of cortisol, CRP, IL-6, C3 and C4 complement fractions, leptin, and adiponectin at the Struttura Complessa Biochimica Clinica, Azienda Ospedaliero-Universitaria “Città della Salute e della Scienza”, Turin, Italy, and BDNF at “Neuroscience Institute Cavalieri Ottolenghi” laboratory in Orbassano.

The procedure for measuring biomarker concentrations in participants’ blood samples is described in the Supplementary Material.




2.3 Statistical analysis

The normal distribution of the continuous variables was verified with the Shapiro-Wilk test. Since the sample size was relatively small, to provide a more robust and appropriate summary of the data, variables were expressed as median and interquartile range.

The Mann-Whitney test was employed for independent sample comparisons, and the Wilcoxon test for paired samples. The effect size of the comparisons was calculated using the rank biserial correlation method. The results were reported as absolute values. The false discovery rate (FDR) was controlled with the Benjamini-Hochberg (BH) correction procedure and set at.05 (88).

The significant results of the comparisons between exposed and nonexposed patients at follow-up (t1) and within exposed or nonexposed patients between baseline (t0) and follow-up (t1) were used to perform linear backward regression models. Follow-up (t1) variables showing a significant variation from the baseline in the between- and/or within-group comparisons were chosen as outcomes for the regression models. Exposure to green environments between baseline and follow-up was entered as the regressor into all regression models. The models were controlled for baseline (t0) diagnosis (MDD or BD), depressive symptoms, drug naivety, age, sex, education, body mass index (BMI), self-reported physical activity, and relationship with green, and for the baseline (t0) variable corresponding to the dependent follow-up (t1) variable. Regarding this latter control, for example, if IL-6 at follow-up (t1) was the outcome of the regression model, we controlled for IL-6 at baseline (t1) as an additional control variable. The regressor and control variables entered the regression model as independent variables.

We set the alpha error at .05, the beta error at .10, and the effect size for non-parametric comparisons at .5. All comparisons were one-tailed, assuming a reduction in depressive symptoms and inflammatory biomarkers concentrations in participants who reported engaging in green exposure. Independent comparison had a between-groups ratio of 1.5. For multiple linear regressions, we set the alpha error at .05, the beta error at .10, three significant control predictors, and an effect size f2 of .15 related to the reported participation in the intervention of green exposure. This led to a minimal sample size of 38 patients for paired comparisons, 58 and 88 for independent ones, and 73 for multiple linear regressions.

Analyses were conducted with the IBM Statistical Package for Social Science (SPSS), version 29.0; Jasp, version 0.18.3; and Gpower, version 3.1.





3 Results



3.1 Feasibility of the intervention

Ninety-three patients during a MDE requiring a modification of the antidepressant were screened. Twenty-three (24.7%) were excluded for age or mental and/or physical comorbidities, constituting an exclusion criterion. Of the seventy eligible patients, seventeen (24.3%) refused to participate in the study because they felt it was burdensome or did not want to take additional blood samples. Fifty-three patients were recruited at baseline; twenty-two participants dropped out at follow-up, and 31 (58.5%) completed the study, leading to a drop-out rate of 41.5%. Nineteen completers (61%) engaged with the intervention, reporting regular exposure to greenery during the six weeks of the study observation. Consequently, the attrition rate for the suggested intervention was 39%. These results are represented in Figure 1.

[image: Flowchart depicting the screening and completion of a study with 93 participants. Excluded participants total 23, with reasons including age (12) and comorbidities (11). Seventeen refused participation. Out of 70 included, 53 are accepted, leading to 31 completions. Drop-outs are 22. The completers are categorized into two groups: 12 non-events and 19 events at time one. Another 31 participants from an unknown category are divided into 21 non-events and 10 events at six weeks. Percentages are included for each category.]
Figure 1 | Flowchart of participants. A total of 93 patients were screened; 23 were excluded, and 70 passed screening. Among these, 17 declined participation. Of the 53 enrolled, 22 dropped out after baseline, leaving 31 completers: 12 nonexposed (nE) and 19 exposed (E) to greenery ≥40 min twice weekly. Additionally, 31 healthy volunteers (HV) participated: 21 nE and 10 E based on self-reported green exposure in the 6 weeks before blood sampling. Exposure was voluntary and self-reported. BS: blood sampling; HV: healthy volunteers; nE: nonexposed; E: exposed; t0→t1: baseline to six-week follow-up; –6w BS: six weeks before sampling.




3.2 Post-hoc statistical power and considerations on inferential analyses

All inferential analyses were underpowered. In particular, the post-hoc statistical power of the pairwise comparison was 65% for exposed patients and 47% for nonexposed. For the between-group comparison between exposed and nonexposed patients, it was 36%, and for the linear regression, it was 55%. Due to the low statistical power, the results of the following inferential analyses will be considered as trends since the low sample size of this pilot study may not bring out significant results or, conversely, despite FDR correction, make differences evident due to small sample size “instability”.




3.3 Characteristics of the sample

Eighty-four subjects (53 patients, 31 HV) participated in the study. No trends suggest differences at baseline between completers and drop-outs (Table 1). Most completer patients were female (71%), had a median age of 47, and had an education of 13 years. The median duration of illness was six years, and the median severity of the MDE was moderate (89).


Table 1 | Characteristics of follow-up (n = 31) and drop-out (n = 22) patients at baseline and be-tween-group comparison.
	Groups of variables
	Total sample of
patients at t0 (n=53)
	Completers patients at t0 (n=31)
	Drop-out patients
(n=22)
	Completers vs. drop-out patients at t0


	Effect size
	p-FDR



	Sociodemographic


	Age, years
	48.0 [31.0; 56.0]
	47.0 [35.0; 59.5]
	49.5 [30.3; 55.0]
	.012
	.848


	Sex, female
	36 (68%)
	22 (71%)
	14 (64%)
	–
	.464


	Education, years
	13.0 [13.0; 17.0]
	13.0 [13.0; 16.0]
	13.0 [11.5; 16.0]
	.162
	.424


	Clinical


	Duration of illness, years
	6 [2; 14]
	5 [2; 13]
	8 [3; 14]
	.016
	.718


	Numbers of hospitalization
	1 [1; 3]
	1 [1; 2]
	1 [1; 3]
	.258
	.411


	HAM-D
	18 [13; 20]
	17 [12; 20]
	18 [16; 21]
	.177
	.424


	Biological markers


	CRP, mg/L
	0.9 [0.4; 2.1]
	0.9 [0.4; 2.5]
	0.8 [0.4; 1.6]
	.138
	.810


	IL-6, pg/mL
	2.0 [1.0; 4.0]
	2.0 [1.0; 4.5]
	2.0 [1.0; 2.0]
	.275
	.411


	C3, g/L
	1.18 [1.02; 1.41]
	1.18 [1.02; 1.39]
	1.19 [1.04; 1.41]
	.005
	.898


	C4, g/L
	0.29 [0.23; 0.35]
	0.26 [0.21; 0.31]
	0.32 [0.28; 0.41]
	.379
	.150


	Cortisol, mcg/L
	109 [79; 153]
	105 [79; 127]
	136 [92; 158]
	.212
	.424


	Leptin, pg/L
	10,423 [5,751; 24,111]
	14,202 [5,641; 23,196]
	9,349 [7,124; 22,372]
	.007
	.999


	Adiponectin, ng/L
	8,575 [6,568; 12,303]
	9,087 [6,969; 13,283]
	7,367 [5,999; 11,246]
	.225
	.411


	BDNF, pg/mL
	461.7 [305.5; 823.9]
	402.5 [273.2; 755.5]
	635.4 [427.4; 912.1]
	.236
	.411





Continuous variables are expressed as medians and interquartile ranges [Q1; Q3]; vs: versus; FDR, False Discovery Rate correction; HAM-D, Hamilton scale for Depression; CRP, C-Reactive Protein; IL, Interleukin; C3, Complement fraction 3; C4, Complement fraction 4; BDNF, Brain-Derived Neurotrophic Factor.



Sex-dependent distributions of completers and HVs’ variables are reported in Supplementary Material (Supplementary Figures 1, 2, Tables 1, 2). No trends were found after FDR correction.


Table 2 | Characteristics at baseline and six-week follow-up of green-exposed and nonexposed patients, and between-group and paired-sample comparisons.
	Groups of variables
	PT_E_t0
(n=19)
	PT_nE_t0
(n=12)
	PT_E_t1
(n=19)
	PT_nE_t1
(n=12)
	PT_E_t0 vs.
PT_nE_t0
	PT_E_t1 vs.
PT_nE_t1
	PT_E
t0 vs. t1
	PT_nE
t0 vs. t1


	Effect
size
	p-FDR
	Effect
size
	p-FDR
	Effect
size
	p-FDR
	Effect
size
	p-FDR



	Sociodemographic


	Age, years
	46.0
[28.0; 50.0]
	54.5
[38.0; 60.5]
	–
	–
	.262
	.324
	–
	–
	–
	–
	–
	–


	Sex, female
	14 (74%)
	8 (67%)
	–
	–
	 
	.839
	–
	–
	–
	–
	–
	–


	Education, years
	13.0
[13.0; 17.0]
	13.0
[11.7; 13.7]
	–
	–
	.008
	.324
	–
	–
	–
	–
	–
	–


	Biological markers


	CRP, mg/L
	0.4
[0.3; 0.8]
	2.5
[1.4; 4.2]
	0.6
[0.4; 1.2]
	3.2
[1.3; 6.2]
	.796
	.002
	.681
	.005
	.235
	.542
	.103
	.906


	IL-6, pg/mL
	2.00
[1.00; 3.5]
	4.00
[2.8; 16.8]
	0.05
[0.01; 1.00]
	2.00
[1.00; 3.00]
	.415
	.048
	.535
	.005
	1
	.002
	1
	.081


	C3, g/L
	1.04
[0.96; 1.15]
	1.42
[1.31; 1.53]
	1.08
[1.00; 1.17]
	1.38
[1.35; 1.39]
	.862
	.002
	.758
	.002
	.248
	.542
	.077
	.906


	C4, g/L
	0.23
[0.18; 0.28]
	0.31
[0.26; 0.43]
	0.23
[0.18; 0.27]
	0.32
[0.22; 0.36]
	.619
	.021
	.435
	.095
	.095
	.777
	.606
	.290


	Cortisol, mcg/L
	105
[79; 129]
	110
[71; 125]
	136
[96; 168]
	97
[92; 133]
	.050
	.855
	.423
	.070
	.484
	.121
	.033
	.906


	Leptin, pg/L
	6,095
[3,1; 13,1]
	24,444
[22,2; 40,0]
	7,099
[4,9; 9,5]
	24,506
[17,6; 36,2]
	.877
	.002
	.831
	.002
	.189
	.551
	.407
	.290


	Adiponectin, ng/L
	12,182
[8,6; 13,9]
	7,309
[5,5; 13,5]
	13,599
[10,7; 15,6]
	6,968
[5,2; 10,5]
	.546
	.026
	.677
	.003
	.695
	.018
	.165
	.853


	BDNF, pg/mL
	396.7
[268.3;
591.2]
	416.8
[327.3; 1,032.4]
	535.0
[278.9; 1,058.7]
	772.6
[516.7; 1,026.4]
	.046
	.750
	.112
	.372
	.562
	.110
	.407
	.367


	Depressive symptoms


	HAM-D, total score
	16.0
[12.0; 19.5]
	18.5
[11.5; 20.0]
	9.0
[5.0; 14.5]
	13.5
[8.7; 16.5]
	.081
	.855
	.415
	.188
	1
	.002
	.641
	.855





Numbers in bold showed a trend in the comparisons; continuous variables are expressed as medians and interquartile ranges [Q1; Q3]; vs: versus; PT_E: patients exposed to green between baseline and follow-up; PT_nE: patients nonexposed to green between baseline and follow-up; t0: baseline; t1: six-weeks follow-up; Exposition to greenery at least 45’ twice a week is voluntary and self-reported. FDR, False Discovery Rate correction; CRP, C-Reactive Protein; IL, Interleukin; C3, Complement fraction 3; C4, Complement fraction 4; BDNF, Brain-Derived Neurotrophic Factor; HAM-D, Hamilton scale for Depression.






3.4 Group comparisons of patients at baseline and follow-up

The number of patients with MDD or BD diagnosis remained stable throughout the study, with no patients experiencing a switch to hypomania or mania.

At baseline, compared to nonexposed patients, the 19 participants who were exposed to greenery during the 6-week study follow-up showed the following trends: lower CRP, IL-6, C3, C4, and leptin levels and higher adiponectin concentrations (Figure 2A, Table 2).

[image: Box and scatter plots with density curves depicting experimental data across different panels. Panel A compares biomarkers CRP, IL-6, C3, C4, Leptin, and Adiponectin at PT_nE_T0 and PT_E_T0. Panel B shows these biomarkers at PT_nE_T1 and PT_E_T1. Panel C displays HAMD, IL-6, and Adiponectin data across PT_E_T0 and PT_E_T1. Data points are shown in green and orange with box plots summarizing values, accompanied by density curves reflecting distribution.]
Figure 2 | Significant trends from patient comparisons. (A) Nonexposed (left) vs green-exposed (right) patients at baseline; (B) Nonexposed (left) vs green-exposed (right) patients at follow-up; (C) Exposed patients at baseline (left) vs follow-up (right) (paired comparison). PT: patients; nE: nonexposed; E: exposed; T0: baseline; T1: follow-up. Green exposure refers to the six-week period between visits and is voluntary and self-reported (≥45 min twice weekly). Raincloud plots display, from left to right, dot plots (raw data), box plots (median and interquartile range), and density plots (probability distribution and estimated density).

At follow-up, we found the same trends except for C4 (Figure 2B, Table 2).




3.5 Paired sample comparisons within exposed and nonexposed patients’ groups

In the paired sample comparison of patients exposed to greenery, we found the following trends at the six-week follow-up visit: a reduction of depressive symptoms and IL-6 levels and an increase in adiponectin serum concentration (Figure 2C, Table 2).

No trends in biomarkers and depressive symptoms were found in nonexposed patients (Table 2).




3.6 Group comparisons between patients and HV at baseline and follow-up

The 10 HV exposed to green in the six weeks before blood sampling (32%) had lower leptin levels than the 21 nonexposed (68%) (Figure 3A, Table 3). The comparison between patients and HV exposed to green did not show trends either at baseline or at follow-up (Table 3).

[image: Three panels of violin plots displaying biomarker data with box plots and scatter plots. Panel A shows leptin levels for HV_nE and HV_E groups. Panel B displays IL-6, C3, leptin, and adiponectin for HV_nE_T0 and PT_nE_T0 groups. Panel C presents adiponectin levels comparing HV_nE_T0 and PT_nE_T1 groups. Each plot combines data points, box plots, and distribution curves.]
Figure 3 | Significant trends between green-exposed and nonexposed HV and patients. (A) Nonexposed (left) vs green-exposed (right) healthy volunteers (HV); (B) Nonexposed HV (left) vs nonexposed patients (PT) (right) at baseline; (C) Nonexposed HV (left) vs nonexposed PT (right) at follow-up. HV: healthy volunteers; PT: patients; nE: nonexposed; E: exposed; T0: baseline; T1: follow-up. Green exposure (≥45 min twice weekly) is voluntary and self-reported. Raincloud plots display, from left to right, dot plots (raw data), box plots (median and interquartile range), and density plots (probability distribution and estimated density).


Table 3 | Characteristics at baseline and six-week follow-up of green-exposed and nonexposed HV, and between-group comparisons between patients and HV.
	Groups of variables
	HV_E n=10)
	HV_nE (n=21)
	HV_E vs. HV_nE
	HV_E vs. PT_E_t0
	HV_E vs. PT_E_t1
	HV_nE vs. PT_nE_t0
	HV_nE vs. PT_nE_t1


	Effect
size
	p-FDR
	Effect
size
	p-FDR
	Effect
size
	p-FDR
	Effect
size
	p-FDR
	Effect
size
	p-FDR



	Sociodemographic


	Age, years
	31.0
[25.0; 33.0]
	40.5
[31.0; 57.0]
	.355
	.215
	-.537
	.243
	–
	–
	-.260
	.072
	–
	–


	Sex, female
	6 (60%)
	15 (71%)
	–
	.832
	–
	.966
	–
	–
	–
	.812
	–
	–


	Education, years
	18.0
[13.0; 18.0]
	13.0
[13.0; 18.0]
	.177
	.577
	.488
	.628
	–
	–
	.198
	.048
	–
	–


	Biological markers


	CRP, mg/L
	0.5
[0.3; 1.8]
	0.9
[0.8; 1.5]
	.336
	.324
	<.001
	.656
	-.082
	1.00
	.185
	.065
	.180
	.094


	IL-6, pg/mL
	0.60
[0.01; 1.60]
	1.00
[0.01; 1.75]
	.273
	.577
	-.653
	.243
	-.209
	.966
	.440
	.004
	.073
	.177


	C3, g/L
	1.09
[1.02; 1.11]
	1.28
[1.16; 1.36]
	.618
	.075
	.058
	.735
	-.02
	1.00
	.150
	.048
	.083
	.052


	C4, g/L
	0.20
[0.18; 0.24]
	0.27
[0.22; 0.33]
	.527
	.215
	-.438
	.735
	-.336
	1.00
	.032
	.228
	.210
	.431


	Cortisol, mcg/L
	125
[112; 144]
	100
[93; 112]
	-.055
	.710
	.124
	.628
	-.018
	.966
	.090
	.530
	.173
	.356


	Leptin, pg/L
	3,192
[1,5; 4,5]
	9,925
[8,6; 26,3]
	.684
	.004
	-.488
	.243
	-.455
	.248
	.047
	.017
	.095
	.094


	Adiponectin, ng/L
	13,141
[10,21; 17,29]
	11,626
[9,3; 14,9]
	-.177
	.722
	.306
	.628
	.018
	1.00
	.295
	.017
	.151
	.016


	BDNF, pg/mL
	429.1
[227.4; 712.0]
	234.8
[192.5; 561.7]
	.1
	.950
	-.273
	.735
	-.473
	.966
	.085
	.567
	.280
	.177





Numbers in bold showed a trend in the comparisons; continuous variables are expressed as medians and interquartile ranges [Q1; Q3]; vs: versus; HV_E: healthy volunteers exposed to green for the six weeks before blood drawing; HV_nE: healthy volunteers nonexposed to green for the six weeks before blood drawing; PT_E: patients exposed to green between baseline and follow-up; PT_nE: patients nonexposed to green between baseline and follow-up; t0: baseline; t1: six-weeks follow-up. Exposure to greenery for at least 45 minutes twice a week is voluntary and self-reported. FDR, False Discovery Rate correction; CRP, C-Reactive Protein; IL, Interleukin; C3, Complement fraction 3; C4, Complement fraction 4; BDNF, Brain-Derived Neurotrophic Factor; HAM-D, Hamilton scale for Depression.



At baseline, nonexposed patients compared to nonexposed HV showed the following trends: higher levels of IL-6, C3, and leptin and lower levels of adiponectin (Figure 3B, Table 3).

At follow-up, we found a trend of lower adiponectin serum concentrations in nonexposed patients compared to nonexposed HV (Figure 3C, Table 3).




3.7 The impact of green exposure on depressive symptoms severity and CRP, IL-6, and adiponectin plasmatic levels

The regression models (Table 4) showed the following trends of associations: patients’ adherence to the intervention of regular exposure to green environments during the six weeks of the study and a reduction of depressive symptoms, CRP and IL-6 plasmatic levels, and an increase in adiponectin plasma concentrations. No trends related to sex differences were observed (Supplementary Material, Tables 1, 2, Figures 1, 2).


Table 4 | Regression models.
	Baseline
predictors
	β
	95%CI of β
	St. β
	VIF
	p
	Follow-up
outcomes
	Regression models
characteristics


	F
	p
	R2
	Adj.
R2
	Durbin-
Watson



	Diagnosis
(MDD or BD)
	-3.599
	-7.804;.606
	-.265
	1.135
	.090
	Depressive
symptoms at t1
(HAM-D, total score)
	6.019
	.001
	.481
	.401
	1.692


	Drug naivety
	-5.847
	-11.132; -.563
	-.345
	1.152
	.031


	Depressive symptoms at t0 (HAM-D, total score)
	.461
	.150;.772
	.450
	1.092
	.005


	Green exposure
(between t0-t1)
	-3.390
	-7.008;.228
	-.291
	1.140
	.045


	Drug naivety
	1.632
	-.206; 3.471
	.222
	1.174
	.080
	CRP at t1, mg/L
	13.375
	<.001
	.673
	.623
	2.140


	Physical activity at t0
	1.679
	.364; 2.995
	.339
	1.325
	.014


	CRP at t0
	.873
	.531; 1.215
	.741
	1.584
	<.001


	Green exposure
(between t0-t1)
	-1.808
	-3.232; -.385
	-.357
	1.486
	.015


	Green exposure
(between t0-t1)
	-1.507
	-2.494; -.520
	-.502
	1.000
	.004
	IL-6 at t1, pg/mL
	9.748
	.004
	.252
	.226
	1.617


	Adiponectin at t0
	.457
	.279;.635
	.625
	1.119
	<.001
	Adiponectin at t1, ng/L
	25.578
	<.001
	.646
	.621
	2.222


	Green exposure
(between t0-t1)
	3739.310
	1074.1; 6404.5
	.342
	1.119
	.008





Numbers in bold showed a trend in the regressions. Exposure to greenery for at least 45 minutes twice a week is voluntary and self-reported. CI, confidence interval; St., standard; VIF, variance inflation factor; Adj., adjusted; MDD, major depressive disorder; BD, bipolar disorder; HAM-D, Hamilton scale for Depression; CRP, C-Reactive Protein; IL, Interleukin; t0, baseline; t1, follow-up.







4 Discussion

About 60% of completers reported adherence to the proposed intervention of regular active exposure to green environments at least twice a week during a six-week follow-up. Attrition to green exposure was relatively high (39%) but in line with previous naturalistic studies on antidepressant treatments (90). This result suggests that incorporating green exposure into clinical practice is feasible. Indeed, despite experiencing a MDE, more than half of the patients adhered to the protocol, engaging in green exposure at least twice a week for a minimum of 45 minutes. This level of adherence indicates that even individuals with significant depressive symptoms can integrate structured nature exposure into their routines, supporting its potential as a viable complementary intervention. However, it should be noted that out of 93 patients screened, only 19 (20%) reported correctly adhering to the proposed intervention (Figure 1). This finding limits the generalizability of the results because of several consecutive selection biases. First, exclusively screening patients with MDEs and longitudinal diagnosis of MDD or BD excludes the possibility of generalizing the feasibility of this intervention in other mental disorders or in euthymic subjects to prevent possible relapses. Second, the exclusion of patients with comorbidities and those over 65 years old does not allow the feasibility to be extended to these subject groups. Third, refusal to participate because of study-related burden or unwillingness to perform additional blood draws selected patients who were more motivated to adhere to the recommendations in the study. Fourth, there is a high dropout rate at follow-up (42%). It seems likely that dropout was largely due to logistical issues because many patients decided to continue psychiatric follow-up at services closer to their home, as returning to the hospital for follow-up visits would be inconvenient. Therefore, dropouts likely stemmed more from logistical challenges than reluctance to engage in green exposure. This may have introduced a further selection bias since only the most motivated subjects or those domiciled near the hospital completed the study. Finally, selection bias related to attrition has to be mentioned. Indeed, participants self-selected for green exposure as more motivated individuals were more likely to engage with nature.

As a second aim, we investigated whether engagement with the intervention of exposure to greenery was associated with a trend of reduction in MDE-related depressive symptoms and inflammatory biomarkers. We found trends related to symptom improvement, CRP and IL-6 reduction, and adiponectin increase. These preliminary results align with the biophilia hypothesis and previous evidence supporting the beneficial effects of nature exposure on mental health (60–63, 65–69, 91) through stress reduction, attention restoration, promotion of social interactions, and increase of vitality (66–69). In addition, we must note that our patients lived in urban areas, constantly exposed to stress-inducing stimuli typical of highly anthropized environments. Numerous studies have indeed shown that urban living is a significant risk factor for mental health disorders, including depression (92–96). Green exposure might have created a restorative experience, offering a reprieve from stressors and reducing cognitive and emotional strain while promoting relaxation and physiological balance. Regarding inflammation, we observed a trend of reduced CRP and IL-6 levels in patients who reported adherence to green exposure during the six-week follow-up. These two plasma proteins are markers of inflammatory response in various conditions, including chronic illnesses such as mood disorders. In MDD and BD, an increase in their plasma concentration is associated with ongoing MDEs and the severity of depressive symptoms (43, 97–102). We hypothesized that the observed reduction trends might partially be related to terpenes inhalation and sunlight exposure during green exposure. This putative explanation is consistent with previous studies that have reported a systemic anti-inflammatory activity of terpenes mainly through CB2 and GABA-A receptors (103–105). Also, sunlight exposure has already demonstrated an anti-depressant and IL-6-reducing effect in patients experiencing a MDE (106), probably exerted through retinal and vitamin D activation, as previously proven by other studies (84, 85). Regarding adiponectin, no previous studies have investigated its levels in patients with MDE following green exposure. However, it is well established that antidepressant treatment can modulate adiponectin concentrations in MDD and BD (49, 107–109), and that physical activity increases its levels in people with obesity (110–112) and diabetes (113). In our sample, the trend toward higher adiponectin levels among patients exposed to green environments may reflect the anti-inflammatory effects of nature exposure, potentially facilitating the restoration of adiponectin’s regulatory metabolic functions. Alternatively, patients may have increased their daily walking to reach green areas. Although analyses were adjusted for self-reported physical activity, residual confounding cannot be excluded, as actual movement levels may have been underestimated. In addition to the two main aims of the study, we found trends suggesting an inverse association between specific biological markers and adherence to the intervention of green exposure. Indeed, compared to nonexposed patients, those who actively adhere to the proposed intervention by spending more time in green environments showed a trend of lower baseline levels of CRP, IL-6, C3, C4, and leptin and higher baseline levels of adiponectin. These trends might suggest that higher inflammatory levels at baseline could be linked to lower engagement in the intervention of green exposure. Increased inflammatory markers, particularly IL-6, have been associated with specific symptoms of depression, such as hypersomnia, fatigue, leaden paralysis, and hyperphagia, which could have negatively affected patients’ adherence to the proposed intervention, specifically by reducing their ability and motivation to move toward natural green environments (114–116).

These preliminary results, although still partial and to be confirmed by further studies, suggest initial clinical relevance, indicating the potential usefulness of incorporating exposure to natural greenery as an additional treatment for depression and chronic subthreshold inflammation associated with MDEs. To implement this type of intervention in clinical practice, it would be necessary, on the one hand, to incorporate large gardens within psychiatric facilities for inpatients, and, on the other hand, to include exposure to natural greenery among the recommendations provided to outpatients experiencing a MDE (117, 118). Regarding the first type of intervention, some studies have demonstrated the effectiveness of incorporating specific green spaces into psychiatric facilities for hospitalized patients. However, these spaces are not always used or adequately designed due to organizational or financial problems within the healthcare service (118). As to the prescription of exposure to green spaces as an adjunctive therapy, patients appear to respond positively to recommendations from clinicians, provided that a good patient-clinician relationship has been established (119, 120). On the contrary, there is still some reluctance among clinicians to prescribe this type of intervention, as well as difficulties in accurately prescribing it (119, 121).



4.1 Limitations and strengths of the study

This study has some limitations that must be acknowledged. The sample size is highly limited, leading to low statistical power and consequent non-generalizability of the results and the impossibility of establishing sound associations, but only possible trends to be verified by future studies. The observational design of this study lacks the control capacity of a randomized trial, which may introduce biases, particularly the selection bias related to attrition. Five other sources of potential selection bias are discussed above and represent a further limitation for the generalizability of the feasibility of the intervention of active exposure to greenery proposed in this study. We focused exclusively on exposure to large green spaces, but due to the small sample size, we could not account for differences between environments, such as forests or large urban parks. Patients self-selected into green exposure, potentially leading to the exclusion of less motivated individuals. We did not use a checklist to ensure that the intervention of exposure to green environments was adequately explained to patients. Green exposure was not objectively verified, but self-reported because, for ethical and privacy reasons, using GPS tracking was impossible. This introduced uncertainty. We omitted a dose-response analysis since, at the six-week follow-up, we only had a dichotomous variable indicating whether patients frequented green spaces at least twice a week during the six weeks of follow-up. Patients were treated with different antidepressants or mood stabilizers, and we could not account for all possible variations in medication type and dosage; rather, we could only account for whether patients had a medication adjustment or a new prescription. Again, regarding possible confounding variables, the study lacks an assessment of economic status factors related to lifestyle, e.g., daily hours of sleep. Concerning regression models, we could not control for changes in psychopharmacological therapy nor socioeconomic status. However, it is worth noting that, since antidepressant therapy was set or modified at baseline, psychiatrists generally avoided major changes during the following six weeks to properly assess treatment efficacy, considering the delayed onset of antidepressant effects. This waiting period coincided with the follow-up visit of this study, likely reducing the confounding effect of therapy adjustments. Regarding the lack of assessment of socioeconomic status, we further acknowledge that socioeconomic disadvantage may have negatively impacted patients’ clinical outcomes, acting as a putative confounding variable in the analysis. Finally, concerning physical activity, we controlled for self-reported physical activity in the regression models; however, we could not exclude the possibility of inaccuracies in patients’ reporting. Therefore, part of the observed trends might be due to increased exercise rather than exposure to nature alone. The short follow-up period hinders the ability to assess long-term effects on symptom remission, functioning, and quality of life and account for the influence of seasonal variations on both mood and biomarker responses. Lastly, biomarkers in HV were measured at a single time point and, unlike patients for whom we assessed exposure to greenery during the study, this variable was assessed retrospectively, introducing possible biases.

Despite these limitations, this study has notable strengths. Unlike previous studies, which typically involve non-clinical populations, do not account for the specific phase of the illness, or focus on living in proximity to green spaces rather than exposure into them (56), this study is pioneering as the first to examine green space exposure in a clinical population (MDD and BD patients), during a specific phase of these disorders (MDE), in a real-world setting, showing that the majority of patients adhere to spending time in green spaces despite acute depression. We also show preliminary trends of improvements in depressive symptoms and inflammatory balance linked to self-reported adherence to an intervention of green space exposure. Additionally, the study’s holistic approach considers not only depressive symptoms but also factors related to inflammation, stress, metabolism, and neurotrophic factors and focuses on the human-nature interaction in terms of active exposure into green environments.




4.2 Future perspectives

Following the preliminary results of this study, future research should aim first at performing a randomized controlled trial on this topic, to allow stronger causal inferences and reduce selection biases. Additionally, increasing the sample size to reach higher statistical power and extending the follow-up period to eight months would help assess the long-term impacts of green exposure on patients’ functioning and quality of life, strengthening the sustainability of the benefits resulting from green exposure for a prolonged period. Furthermore, with a longer follow-up, it will also be possible to better highlight the long-term impact of green exposure, to stratify patients based on sex, on the type of green space they were exposed to, distinguishing, for example, between a dense forest or an urban park, and it will also be possible to collect more detailed data concerning frequency and duration of green exposure. Moreover, to provide more objective measures of green exposure and its immediate effects on patients' well-being, thereby reducing potential biases, it would be valuable to organize rehabilitation groups, led by a mental health expert, for example, a psychiatric rehabilitation technician, or by an expert in Shinrin-Yoku practice. By doing so, we could also consider using a checklist to assess the intervention’s explanation better and perform a dose-response analysis. Moreover, evaluating neurocognitive functions and their relationships with MDE, inflammation, and exposure to green spaces could offer insights into the underlying mechanisms. Studying epigenetic processes, such as miRNA transcription and histone modifications, could help clarify the role of green space exposure in regulating gene expression associated with depression and inflammation, further bridging the gap between environmental exposure and biological mechanisms. Finally, this protocol could be extended to anxiety and chronic stress disorders to explore the potential benefits of green exposure in these conditions as well.




4.3 Conclusion

In conclusion, the intervention of exposure to green environments was feasible for patients during a MDE, as more than half of the participants who attended the follow-up incorporated green exposure into their routine. This suggests that a larger study with a more rigorous evaluation might be possible in the future. Furthermore, even if underpowered due to the low number of participants completing the study and engaging in green exposure, the trends resulting from this pilot study suggest that self-reported exposure to green environments was associated with reductions in depressive symptoms, IL-6 and CRP levels, and an increase in adiponectin after six weeks. Future studies with larger sample sizes should verify the potential therapeutic benefits of green space exposure on MDEs. Information from this work is relevant to psychiatrists treating depression and epidemiologists or public mental health experts who would like to test the hypotheses of this pilot study. If the results are confirmed in larger studies, they can inform policymakers and urban green planners and consequently encourage the design and distribution of large parks throughout the cities to enhance urban mental health.






Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Comitato Etico Territoriale (CET) Interaziendale A.O.U. Città della Salute e della Scienza di Torino (Protocol number: 0010765). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

GP: Data curation, Investigation, Visualization, Writing – original draft, Writing – review & editing. CB: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Visualization, Writing – original draft, Writing – review & editing. MB: Conceptualization, Funding acquisition, Methodology, Project administration, Resources, Supervision, Writing – review & editing. AC: Data curation, Investigation, Visualization, Writing – original draft, Writing – review & editing. FC: Conceptualization, Supervision, Writing – review & editing. GM: Investigation, Resources, Writing – review & editing. RS: Conceptualization, Writing – review & editing. AV: Conceptualization, Funding acquisition, Methodology, Project administration, Resources, Supervision, Writing – review & editing. PR: Conceptualization, Methodology, Project administration, Resources, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This research has been supported by “BANDO RICERCA TRASLAZIONALE” (Department of Neuroscience 'Rita Levi Montalcini', University of Turin) grant to AV and PR and Ministero dell’Università e della Ricerca-MUR projects “Dipartimenti di Eccellenza 2023-2027” to the Department of Neuroscience “Rita Levi Montalcini” of the University of Turin. GP’s research has been conducted with the support of Programma Operativo Nazionale Ricerca e Innovazione 2014-2020 (CCI2014IT16M2OP005), risorse FSE REACT-EU, Azione IV.5 “Dottorati su tematiche Green”.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1631393/full#supplementary-material




References

	 Mokhtari A, Porte B, Belzeaux R, Etain B, Ibrahim EC, Marie-Claire C, et al. The molecular pathophysiology of mood disorders: From the analysis of single molecular layers to multi-omic integration. Prog Neuropsychopharmacol Biol Psychiatry. (2022) 116:110520. doi: 10.1016/j.pnpbp.2022.110520, PMID: 35104608


	 American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. DSM-5-TR. Washington, DC: American Psychiatric Association Publishing (2022). doi: 10.1176/appi.books.9780890425787, PMID: 38300502


	 Global Burden of Disease. (2021). Findings from the GBD 2021 Study | Institute for Health Metrics and Evaluation [Internet]. Available online at: https://www.healthdata.org/research-analysis/library/global-burden-disease-2021-findings-gbd-2021-study (Accessed October 12, 2024).


	 World Health Organization. Depression and Other Common Mental Disorders: Global Health Estimates (2017). World Health Organization. Available online at: https://www.jstor.org/stable/resrep28026.


	Global Burden of Disease Study (2021). Available online at: https://ghdx.healthdata.org/record/ihme-data/gbd-2021-burden-by-risk-1990-2021 (Accessed October 10, 2024).


	 Kessler RC, Berglund P, Demler O, Jin R, Koretz D, Merikangas KR, et al. The epidemiology of major depressive disorder: results from the National Comorbidity Survey Replication (NCS-R). JAMA. (2003) 289:3095–105. doi: 10.1001/jama.289.23.3095, PMID: 12813115


	 Cuijpers P, Noma H, Karyotaki E, Vinkers CH, Cipriani A, Furukawa TA. A network meta-analysis of the effects of psychotherapies, pharmacotherapies and their combination in the treatment of adult depression. World Psychiatry. (2020) 19. doi: 10.1002/wps.20701, PMID: 31922679


	 Costa Lda S, Alencar ÁP, Nascimento Neto PJ, dos Santos M do SV, da Silva CGL, Pinheiro S de FL, et al. Risk factors for suicide in bipolar disorder: a systematic review. J Affect Disord. (2015) 170:237–54. doi: 10.1016/j.jad.2014.09.003, PMID: 25261630


	 Vieta E, Berk M, Schulze TG, Carvalho AF, Suppes T, Calabrese JR, et al. Bipolar disorders. Nat Rev Dis Primers. (2018). doi: 10.1038/nrdp.2018.8, PMID: 29516993


	 Miller JN, Black DW. Bipolar Disorder and Suicide: a Review. Curr Psychiatry Rep. (2020) 22:6. doi: 10.1007/s11920-020-1130-0, PMID: 31955273


	 Yu R, Chen Y, Li L, Chen J, Guo Y, Bian Z, et al. Factors associated with suicide risk among Chinese adults: A prospective cohort study of 0.5 million individuals. PLoS Med. (2021) 18:e1003545. doi: 10.1371/journal.pmed.1003545, PMID: 33705376


	Depression in adults: treatment and management (2022). London: National Institute for Health and Care Excellence (NICE. Available online at: http://www.ncbi.nlm.nih.gov/books/NBK583074/.


	 Crisafulli C, Fabbri C, Porcelli S, Drago A, Spina E, De Ronchi D, et al. Pharmacogenetics of antidepressants. Front Pharmacol. (2011) 2:6. doi: 10.3389/fphar.2011.00006, PMID: 21687501


	 Rj B, Gh V LT. Bipolar depression: a major unsolved challenge. Int J Bipolar Disord. (2020) 8. Available online at. doi: 10.1186/s40345-019-0160-1, PMID: 31903509


	 Trivedi MH, Rush AJ, Wisniewski SR, Nierenberg AA, Warden D, Ritz L, et al. Evaluation of outcomes with citalopram for depression using measurement-based care in STAR*D: implications for clinical practice. Am J Psychiatry. (2006) 163:28–40. doi: 10.1176/appi.ajp.163.1.28, PMID: 16390886


	 Targum SD, Schappi J, Koutsouris A, Bhaumik R, Rapaport MH, Rasgon N, et al. A novel peripheral biomarker for depression and antidepressant response. Mol Psychiatry. (2022) 27:1640–6. doi: 10.1038/s41380-021-01399-1, PMID: 34969978


	 Malhi GS, Mann JJ. Depression. Lancet. (2018) 392:2299–312. doi: 10.1016/S0140-6736(18)31948-2, PMID: 30396512


	 Orsolini L, Pompili S, Tempia Valenta S, Salvi V, Volpe U. C-Reactive Protein as a Biomarker for Major Depressive Disorder? Int J Mol Sci. (2022) 23:1616. doi: 10.3390/ijms23031616, PMID: 35163538


	 Felger JC, Lotrich FE. Inflammatory Cytokines in Depression: Neurobiological Mechanisms and Therapeutic Implications. Neuroscience. (2013) 246:199. doi: 10.1016/j.neuroscience.2013.04.060, PMID: 23644052


	 Jeon SW, Kim YK. Neuroinflammation and cytokine abnormality in major depression: Cause or consequence in that illness? World J Psychiatry. (2016) 6:283–93. doi: 10.5498/wjp.v6.i3.283, PMID: 27679767


	 Maes M, Yirmyia R, Noraberg J, Brene S, Hibbeln J, Perini G, et al. The inflammatory & neurodegenerative (I&ND) hypothesis of depression: leads for future research and new drug developments in depression. Metab Brain Dis. (2009) 24:27–53. doi: 10.1007/s11011-008-9118-1, PMID: 19085093


	 Keller J, Gomez R, Williams G, Lembke A, Lazzeroni L, Murphy GM, et al. HPA axis in major depression: cortisol, clinical symptomatology and genetic variation predict cognition. Mol Psychiatry. (2017) 22:527–36. doi: 10.1038/mp.2016.120, PMID: 27528460


	 Czarny P, Wigner P, Galecki P, Sliwinski T. The interplay between inflammation, oxidative stress, DNA damage, DNA repair and mitochondrial dysfunction in depression. Prog Neuropsychopharmacol Biol Psychiatry. (2018) 80:309–21. doi: 10.1016/j.pnpbp.2017.06.036, PMID: 28669580


	 Gałecki P, Talarowska M. Neurodevelopmental theory of depression. Prog Neuropsychopharmacol Biol Psychiatry. (2018) 80:267–72. doi: 10.1016/j.pnpbp.2017.05.023, PMID: 28571776


	 Uchida S, Yamagata H, Seki T, Watanabe Y. Epigenetic mechanisms of major depression: Targeting neuronal plasticity. Psychiatry Clin Neurosci. (2018) 72:212–27. doi: 10.1111/pcn.12621, PMID: 29154458


	 Gałecki P, Talarowska M. Inflammatory theory of depression. Psychiatr Pol. (2018) 52:437–47. doi: 10.12740/PP/76863, PMID: 30218560


	 Goldsmith DR, Rapaport MH, Miller BJ. A meta-analysis of blood cytokine network alterations in psychiatric patients: comparisons between schizophrenia, bipolar disorder and depression. Mol Psychiatry. (2016) 21:1696–709. doi: 10.1038/mp.2016.3, PMID: 26903267


	 Nobis A, Zalewski D, Waszkiewicz N. Peripheral Markers of Depression. J Clin Med. (2020) 9:3793. doi: 10.3390/jcm9123793, PMID: 33255237


	 Osimo EF, Pillinger T, Rodriguez IM, Khandaker GM, Pariante CM, Howes OD. Inflammatory markers in depression: A meta-analysis of mean differences and variability in 5,166 patients and 5,083 controls. Brain Behav Immun. (2020) 87:901–9. doi: 10.1016/j.bbi.2020.02.010, PMID: 32113908


	 McEwen BS. Mood disorders and allostatic load. Biol Psychiatry. (2003) 54:200–7. doi: 10.1016/S0006-3223(03)00177-X, PMID: 12893096


	Protection and damage from acute and chronic stress: allostasis and allostatic overload and relevance to the pathophysiology of psychiatric disorders. Available online at., PMID: 15677391


	 Sapolsky RM, Romero LM, Munck AU. How do glucocorticoids influence stress responses? Integrating permissive, suppressive, stimulatory, and preparative actions. Endocr Rev. (2000) 21:55–89. doi: 10.1210/edrv.21.1.0389, PMID: 10696570


	 Du Clos TW. Function of C-reactive protein. Ann Med. (2000) 32:274–8. doi: 10.3109/07853890009011772, PMID: 10852144


	 Solmi M, Suresh Sharma M, Osimo EF, Fornaro M, Bortolato B, Croatto G, et al. Peripheral levels of C-reactive protein, tumor necrosis factor-α, interleukin-6, and interleukin-1β across the mood spectrum in bipolar disorder: A meta-analysis of mean differences and variability. Brain Behav Immun. (2021) 97:193–203. doi: 10.1016/j.bbi.2021.07.014, PMID: 34332041


	 Zipfel PF, Skerka C. Complement regulators and inhibitory proteins. Nat Rev Immunol. (2009) 9:729–40. doi: 10.1038/nri2620, PMID: 19730437


	 Luo X, Fang Z, Lin L, Xu H, Huang Q, Zhang H. Plasma complement C3 and C3a are increased in major depressive disorder independent of childhood trauma. BMC Psychiatry. (2022) 22:741. doi: 10.1186/s12888-022-04410-3, PMID: 36447174


	 Pillai A, Bruno D, Nierenberg J, Pandya C, Feng T, Reichert C, et al. Complement component 3 levels in the cerebrospinal fluid of cognitively intact elderly individuals with major depressive disorder. biomark Neuropsych. (2019) 1:100007. doi: 10.1016/j.bionps.2019.100007, PMID: 31942568


	 Song C, Dinan T, Leonard BE. Changes in immunoglobulin, complement and acute phase protein levels in the depressed patients and normal controls. J Affect Disord. (1994) 30:283–8. doi: 10.1016/0165-0327(94)90135-X, PMID: 7516941


	 Shatri H, Purnamandala, Hidayat R, Sinto R, Widhani A, Putranto R, et al. The correlation of anxiety and depression with C3 and C4 Levels and systemic lupus erythematosus activity. BMC Psychiatry. (2023) 23:785. doi: 10.1186/s12888-023-05285-8, PMID: 37884917


	 Wei J, Liu Y, Zhao L, Yang X, Ni P, Wang Y, et al. Plasma complement component 4 increases in patients with major depressive disorder. Neuropsychiatr Dis Treat. (2017) 14:37–41. doi: 10.2147/NDT.S151238, PMID: 29302190


	 Rose-John S. Interleukin-6 signalling in health and disease. F1000Res. (2020) 9. doi: 10.12688/f1000research.26058.1, PMID: 32864098


	 Kaur S, Bansal Y, Kumar R, Bansal G. A panoramic review of IL-6: Structure, pathophysiological roles and inhibitors. Bioorg Med Chem. (2020) 28:115327. doi: 10.1016/j.bmc.2020.115327, PMID: 31992476


	 Ting EYC, Yang AC, Tsai SJ. Role of Interleukin-6 in Depressive Disorder. Int J Mol Sci. (2020) 21:2194. doi: 10.3390/ijms21062194, PMID: 32235786


	 Paz-Filho G, Mastronardi C, Franco CB, Wang KB, Wong ML, Licinio J. Leptin: molecular mechanisms, systemic pro-inflammatory effects, and clinical implications. Arq Bras Endocrinol Metab. (2012) 56:597–607. doi: 10.1590/S0004-27302012000900001, PMID: 23329181


	 Pérez-Pérez A, Sánchez-Jiménez F, Vilariño-García T, Sánchez-Margalet V. Role of Leptin in Inflammation and Vice Versa. Int J Mol Sci. (2020) 21:5887. doi: 10.3390/ijms21165887, PMID: 32824322


	 Ouchi N, Walsh K. Adiponectin as an anti-inflammatory factor. Clin Chim Acta. (2007) 380:24–30. doi: 10.1016/j.cca.2007.01.026, PMID: 17343838


	 Choi HM, Doss HM, Kim KS. Multifaceted Physiological Roles of Adiponectin in Inflammation and Diseases. Int J Mol Sci. (2020) 21:1219. doi: 10.3390/ijms21041219, PMID: 32059381


	 Robinson K, Prins J, Venkatesh B. Clinical review: Adiponectin biology and its role in inflammation and critical illness. Crit Care. (2011) 15:221. doi: 10.1186/cc10021, PMID: 21586104


	 Vuong E, Nothling J, Lombard C, Jewkes R, Peer N, Abrahams N, et al. Peripheral adiponectin levels in anxiety, mood, trauma- and stressor-related disorders: A systematic review and meta-analysis. J Affect Disord. (2020) 260:372–409. doi: 10.1016/j.jad.2019.09.050, PMID: 31539673


	 Scotece M, Conde J, López V, Lago F, Pino J, Gómez-Reino JJ, et al. Adiponectin and Leptin: New Targets in Inflammation. Basic Clin Pharmacol Toxicol. (2014) 114:97–102. doi: 10.1111/bcpt.12109, PMID: 23834523


	 Porter GA, O’Connor JC. Brain-derived neurotrophic factor and inflammation in depression: Pathogenic partners in crime? World J Psychiatry. (2022) 12:77–97. doi: 10.5498/wjp.v12.i2.77, PMID: 35111580


	 Yang T, Nie Z, Shu H, Kuang Y, Chen X, Cheng J, et al. The Role of BDNF on Neural Plasticity in Depression. Front Cell Neurosci. (2020) 14:82. doi: 10.3389/fncel.2020.00082, PMID: 32351365


	 Correia AS, Cardoso A, Vale N. BDNF Unveiled: Exploring Its Role in Major Depression Disorder Serotonergic Imbalance and Associated Stress Conditions. Pharmaceutics. (2023) 15:2081. doi: 10.3390/pharmaceutics15082081, PMID: 37631295


	 Calabrese F, Rossetti AC, Racagni G, Gass P, Riva MA, Molteni R. Brain-derived neurotrophic factor: a bridge between inflammation and neuroplasticity. Front Cell Neurosci. (2014) 8:430. doi: 10.3389/fncel.2014.00430, PMID: 25565964


	 Banwell N, Michel S, Senn N. Greenspaces and Health: Scoping Review of studies in Europe. Public Health Rev. (2024) 45:1606863. doi: 10.3389/phrs.2024.1606863, PMID: 38831866


	 Liu Z, Chen X, Cui H, Ma Y, Gao N, Li X, et al. Green space exposure on depression and anxiety outcomes: A meta-analysis. Environ Res. (2023) 231:116303. doi: 10.1016/j.envres.2023.116303, PMID: 37268208


	 Gonzales-Inca C, Pentti J, Stenholm S, Suominen S, Vahtera J, Käyhkö N. Residential greenness and risks of depression: Longitudinal associations with different greenness indicators and spatial scales in a Finnish population cohort. Health Place. (2022) 74:102760. doi: 10.1016/j.healthplace.2022.102760, PMID: 35134742


	 Bray I, Reece R, Sinnett D, Martin F, Hayward R. Exploring the role of exposure to green and blue spaces in preventing anxiety and depression among young people aged 14–24 years living in urban settings: A systematic review and conceptual framework. Environ Res. (2022) 214:114081. doi: 10.1016/j.envres.2022.114081, PMID: 35973463


	 Beil K, Hanes D. The influence of urban natural and built environments on physiological and psychological measures of stress–a pilot study. Int J Environ Res Public Health. (2013) 10:1250–67. doi: 10.3390/ijerph10041250, PMID: 23531491


	 Jimenez MP, DeVille NV, Elliott EG, Schiff JE, Wilt GE, Hart JE, et al. Associations between Nature Exposure and Health: A Review of the Evidence. Int J Environ Res Public Health. (2021) 18:4790. doi: 10.3390/ijerph18094790, PMID: 33946197


	 Kellert SR, Wilson EO. The Biophilia Hypothesis. Washington, DC: Island Press (1995).


	 Hansen MM, Jones R, Tocchini K. Shinrin-Yoku (Forest Bathing) and Nature Therapy: A State-of-the-Art Review. Int J Environ Res Public Health. (2017) 14:851. doi: 10.3390/ijerph14080851, PMID: 28788101


	 Li DQ. Shinrin-Yoku: The Art and Science of Forest Bathing. London: Penguin UK (2018).


	 Li  Q ed. Forest medicine. New York: Nova Science Publishers (2012). p. 316. (Public health in the 21st century).


	 Park BJ, Tsunetsugu Y, Kasetani T, Kagawa T, Miyazaki Y. The physiological effects of Shinrin-yoku (taking in the forest atmosphere or forest bathing): evidence from field experiments in 24 forests across Japan. Environ Health Prev Med. (2010) 15. Available online at. doi: 10.1007/s12199-009-0086-9, PMID: 19568835


	 Ulrich RS. View through a window may influence recovery from surgery. Science. (1984) 224:420–1. doi: 10.1126/science.6143402, PMID: 6143402


	 Kaplan R, Kaplan S. The experience of nature: a psychological perspective. Cambridge: Cambridge Univ. Press (1989). p. 340.


	 Ryan RM, Weinstein N, Bernstein J, Brown KW, Mistretta L, Gagné M. Vitalizing effects of being outdoors and in nature. J Environ Psychol. (2010) 30:159–68. doi: 10.1016/j.jenvp.2009.10.009


	 Maas J, Verheij RA, Groenewegen PP, de Vries S, Spreeuwenberg P. Green space, urbanity, and health: how strong is the relation? J Epidemiol Community Health. (2006) 60:587–92. doi: 10.1136/jech.2005.043125, PMID: 16790830


	 Kim T, Song B, Cho KS, Lee IS. Therapeutic Potential of Volatile Terpenes and Terpenoids from Forests for Inflammatory Diseases. IJMS. (2020) 21:2187. doi: 10.3390/ijms21062187, PMID: 32235725


	 Soudry Y, Lemogne C, Malinvaud D, Consoli SM, Bonfils P. Olfactory system and emotion: common substrates. Eur Ann Otorhinolaryngol Head Neck Dis. (2011) 128:18–23. doi: 10.1016/j.anorl.2010.09.007, PMID: 21227767


	 Lemke H, Probst S, Warneke A, Waltemate L, Winter A, Thiel K, et al. The Course of Disease in Major Depressive Disorder Is Associated With Altered Activity of the Limbic System During Negative Emotion Processing. Biol Psychiatry Cognit Neurosci Neuroimag. (2022) 7:323–32. doi: 10.1016/j.bpsc.2021.05.008, PMID: 34102346


	 Cho KS, Lim YR, Lee K, Lee J, Lee JH, Lee IS. Terpenes from Forests and Human Health. Toxicol Res. (2017) 33:97–106. doi: 10.5487/TR.2017.33.2.097, PMID: 28443180


	 Machado K da C, Islam MT, Ali ES, Rouf R, Uddin SJ, Dev S, et al. A systematic review on the neuroprotective perspectives of beta-caryophyllene. Phytother Res. (2018) 32:2376–88. doi: 10.1002/ptr.6162, PMID: 30281175


	 Scandiffio R, Geddo F, Cottone E, Querio G, Antoniotti S, Gallo MP, et al. Protective Effects of (E)-β-Caryophyllene (BCP) in Chronic Inflammation. Nutrients. (2020) 12:3273. doi: 10.3390/nu12113273, PMID: 33114564


	 Peng J, Fan M, An C, Ni F, Huang W, Luo J. A narrative review of molecular mechanism and therapeutic effect of cannabidiol (CBD). Basic Clin Pharmacol Toxicol. (2022) 130:439–56. doi: 10.1111/bcpt.13710, PMID: 35083862


	 Dos Santos ÉRQ, Maia JGS, Fontes-Júnior EA, Maia C do SF. Linalool as a Therapeutic and Medicinal Tool in Depression Treatment: A Review. Curr Neuropharmacol. (2022) 20:1073–92. doi: 10.2174/1570159X19666210920094504, PMID: 34544345


	 Harada H, Kashiwadani H, Kanmura Y, Kuwaki T. Linalool Odor-Induced Anxiolytic Effects in Mice. Front Behav Neurosci. (2018) 12:241. doi: 10.3389/fnbeh.2018.00241, PMID: 30405369


	 Milanos S, Elsharif SA, Janzen D, Buettner A, Villmann C. Metabolic Products of Linalool and Modulation of GABAA Receptors. Front Chem. (2017) 5:46. doi: 10.3389/fchem.2017.00046, PMID: 28680877


	 Kim TH, Jeong GW, Baek HS, Kim GW, Sundaram T, Kang HK, et al. Human brain activation in response to visual stimulation with rural and urban scenery pictures: a functional magnetic resonance imaging study. Sci Total Environ. (2010) 408:2600–7. doi: 10.1016/j.scitotenv.2010.02.025, PMID: 20299076


	 Kim GW, Jeong GW, Kim TH, Baek HS, Oh SK, Kang HK, et al. Functional neuroanatomy associated with natural and urban scenic views in the human brain: 3.0T functional MR imaging. Korean J Radiol. (2010) 11:507–13. doi: 10.3348/kjr.2010.11.5.507, PMID: 20808693


	 Jo H, Song C, Miyazaki Y. Physiological Benefits of Viewing Nature: A Systematic Review of Indoor Experiments. Int J Environ Res Public Health. (2019) 16:4739. doi: 10.3390/ijerph16234739, PMID: 31783531


	 Ikei H, Komatsu M, Song C, Himoro E, Miyazaki Y. The physiological and psychological relaxing effects of viewing rose flowers in office workers. J Physiol Anthropol. (2014) 33:6. doi: 10.1186/1880-6805-33-6, PMID: 24607069


	 Penckofer S, Kouba J, Byrn M, Ferrans CE. Vitamin D and Depression: Where is all the Sunshine? Issues Ment Health Nurs. (2010) 31:385. doi: 10.3109/01612840903437602


	 Maruani J, Geoffroy PA. Multi-Level Processes and Retina-Brain Pathways of Photic Regulation of Mood. J Clin Med. (2022) 11:448. doi: 10.3390/jcm11020448, PMID: 35054142


	WHO Guidelines on Physical Activity and Sedentary Behaviour. 1st. Geneva: World Health Organization (2020). p. 1.


	 Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry. (1960) 23:56–62. doi: 10.1136/jnnp.23.1.56, PMID: 14399272


	 Benjamini Y, Hochberg Y. Controlling the False Discovery Rate: A Practical and Powerful Approach to Multiple Testing. J R Stat Soc: Ser B (Methodol). (1995) 57:289–300. doi: 10.1111/j.2517-6161.1995.tb02031.x


	 Zimmerman M, Martinez JH, Young D, Chelminski I, Dalrymple K. Severity classification on the Hamilton Depression Rating Scale. J Affect Disord. (2013) 150:384–8. doi: 10.1016/j.jad.2013.04.028, PMID: 23759278


	 Pan YJ, Liu SK, Yeh LL. Factors affecting early attrition and later treatment course of antidepressant treatment of depression in naturalistic settings: an 18-month nationwide population-based study. J Psychiatr Res. (2013) 47:916–25. doi: 10.1016/j.jpsychires.2013.03.005, PMID: 23566422


	Forest Medicine. Nova Science Publishers. Available online at: https://novapublishers.com/shop/forest-medicine/ (Accessed September 4, 2024).


	 Lederbogen F, Kirsch P, Haddad L, Streit F, Tost H, Schuch P, et al. City living and urban upbringing affect neural social stress processing in humans. Nature. (2011) 474:498–501. doi: 10.1038/nature10190, PMID: 21697947


	 Xu C, Miao L, Turner D, DeRubeis R. Urbanicity and depression: A global meta-analysis. J Affect Disord. (2023) 340:299–311. doi: 10.1016/j.jad.2023.08.030, PMID: 37557989


	 Xu J, Liu N, Polemiti E, Garcia-Mondragon L, Tang J, Liu X, et al. Effects of urban living environments on mental health in adults. Nat Med. (2023) 29:1456–67. doi: 10.1038/s41591-023-02365-w, PMID: 37322117


	 Srivastava K. Urbanization and mental health. Ind Psychiatry J. (2009) 18:75–6. doi: 10.4103/0972-6748.64028, PMID: 21180479


	 Lecic-Tosevski D. Is urban living good for mental health? Curr Opin Psychiatry. (2019) 32:204–9. doi: 10.1097/YCO.0000000000000489, PMID: 30695002


	 Beurel E, Toups M, Nemeroff CB. The Bidirectional Relationship of Depression and Inflammation: Double Trouble. Neuron. (2020) 107:234–56. doi: 10.1016/j.neuron.2020.06.002, PMID: 32553197


	 Mohamed AE, El-Latif RRA, Youssef AM, Ibrahim AS. C-reactive protein and clinical subtypes of major depressive disorder at Zagazig University Hospitals. Middle Eas Curr Psychiatry. (2020) 27:35. doi: 10.1186/s43045-020-00038-9


	 Wium-Andersen MK, Ørsted DD, Nordestgaard BG. Elevated C-reactive protein and late-onset bipolar disorder in 78–809 individuals from the general population. Br J Psychiatry. (2016) 208:138–45. doi: 10.1192/bjp.bp.114.150870, PMID: 26250741


	 Erta M, Quintana A, Hidalgo J. Interleukin-6, a major cytokine in the central nervous system. Int J Biol Sci. (2012) 8:1254–66. doi: 10.7150/ijbs.4679, PMID: 23136554


	 Kummer KK, Zeidler M, Kalpachidou T, Kress M. Role of IL-6 in the regulation of neuronal development, survival and function. Cytokine. (2021) 144:155582. doi: 10.1016/j.cyto.2021.155582, PMID: 34058569


	 Daray FM, Grendas LN, Arena ÁR, Tifner V, Álvarez Casiani RI, Olaviaga A, et al. Decoding the inflammatory signature of the major depressive episode: insights from peripheral immunophenotyping in active and remitted condition, a case–control study. Transl Psychiatry. (2024) 14:1–17. doi: 10.1038/s41398-024-02902-2, PMID: 38866753


	 Del Prado-Audelo ML, Cortés H, Caballero-Florán IH, González-Torres M, Escutia-Guadarrama L, Bernal-Chávez SA, et al. Therapeutic Applications of Terpenes on Inflammatory Diseases. Front Pharmacol. (2021) 12:704197. doi: 10.3389/fphar.2021.704197, PMID: 34483907


	 Araruna ME, Serafim C, Alves Júnior E, Hiruma-Lima C, Diniz M, Batista L. Intestinal Anti-Inflammatory Activity of Terpenes in Experimental Models (2010-2020): A Review. Molecules. (2020) 25:5430. doi: 10.3390/molecules25225430, PMID: 33233487


	 de las Heras B, Hortelano S. Molecular basis of the anti-inflammatory effects of terpenoids. Inflammation Allergy Drug Targets. (2009) 8:28–39. doi: 10.2174/187152809787582534, PMID: 19275691


	 Levandovski R, Pfaffenseller B, Carissimi A, Gama CS, Hidalgo MPL. The effect of sunlight exposure on interleukin-6 levels in depressive and non-depressive subjects. BMC Psychiatry. (2013) 13:75. doi: 10.1186/1471-244X-13-75, PMID: 23497121


	 Liu J, Guo M, Zhang D, Cheng SY, Liu M, Ding J, et al. Adiponectin is critical in determining susceptibility to depressive behaviors and has antidepressant-like activity. Proc Natl Acad Sci U S A. (2012) 109(30):12248–53., PMID: 22778410


	 Hu Y, Dong X, Chen J. Adiponectin and depression: A meta-analysis. Biomed Rep. (2015) 3(1):38–42., PMID: 25469244


	 Furman JL, Soyombo A, Czysz AH, Jha MK, Carmody TJ, Mason BL, et al. Adiponectin moderates antidepressant treatment outcome in the Combining Medications to Enhance Depression Outcomes randomized clinical trial. Pers Med Psychiatry. (2018) 9–10:1–7., PMID: 30859144


	 Wang H, Wang H, Zhan E, Liu X. Unveiling the perfect workout: exercise modalities and dosages to ameliorate adipokine dysregulation in individuals with overweight and obesity: a systematic review with pairwise, network, and dose–response meta-analyses. Front Nutr. (2025) 12:1653449., PMID: 40880736


	 Keawtep P, Sungkarat S, Boripuntakul S, Sa-Nguanmoo P, Wichayanrat W, Chattipakorn SC, et al. Effects of combined dietary intervention and physical-cognitive exercise on cognitive function and cardiometabolic health of postmenopausal women with obesity: a randomized controlled trial. Int J Behav Nutr Phys Act. (2024) 21(1):28., PMID: 38443944


	 Sirico F, Bianco A, D’Alicandro G, Castaldo C, Montagnani S, Spera R, et al. Effects of physical exercise on adiponectin, leptin, and inflammatory markers in childhood obesity: systematic review and meta-analysis. Child Obes. (2018) 14(4):207–17., PMID: 29762052


	 Zaidi H, Byrkjeland R, Njerve IU, Åkra S, Solheim S, Arnesen H, et al. Adiponectin in relation to exercise and physical performance in patients with type 2 diabetes and coronary artery disease. Adipocyte. (2021) 10(1):612–20., PMID: 34779349


	 Lamers F, Milaneschi Y, Smit JH, Schoevers RA, Wittenberg G, Penninx BWJH. Longitudinal Association Between Depression and Inflammatory Markers: Results From the Netherlands Study of Depression and Anxiety. Biol Psychiatry. (2019) 85:829–37. doi: 10.1016/j.biopsych.2018.12.020, PMID: 30819515


	 Lamers F, Milaneschi Y, de Jonge P, Giltay EJ, Penninx BWJH. Metabolic and inflammatory markers: associations with individual depressive symptoms. Psychol Med. (2018) 48:1102–10. doi: 10.1017/S0033291717002483, PMID: 28889804


	 Ting EYC, Yang AC, Tsai SJ. Role of interleukin-6 in depressive disorder. Int J Mol Sci. (2020) 21(6):2194., PMID: 32235786


	 Schmid H, Nowak A, Oeljeklaus L, McCall T, Hornberg C, Caspers BA, et al. Greenspaces of psychiatric clinics and patient perceptions: A mixed-methods exploration. People Nature. (2024) 6:1592–604. doi: 10.1002/pan3.10671


	 Staniewska A. Gardens of Historic Mental Health Hospitals and Their Potential Use for Green Therapy Purposes. Land. (2022) 11:1618.


	 Garside R, Orr N, Short R, Lovell R, Husk K, McEachon R, et al. Therapeutic Nature: Nature-based social prescribing for diagnosed mental health conditions in the UK: Final Report for Defra. (2021).


	 Razani N, Morshed S, Kohn MA, Wells NM, Thompson D, Alqassari M, et al. Effect of park prescriptions with and without group visits to parks on stress reduction in low-income parents: SHINE randomized trial. PLoS One. (2018) 13:e0192921. doi: 10.1371/journal.pone.0192921, PMID: 29447248


	 La Puma J. Nature Therapy: An Essential Prescription for Health. Altern Complement Therapies. (2019) 25:68–71. doi: 10.1089/act.2019.29209.jlp







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Pavarino, Brasso, Boido, Carluccio, Cirulli, Mengozzi, Schellino, Vercelli and Rocca. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/cover.jpg
& frontiers | Frontiers in Psychiatry

An observational feasibility study on the
impact of green exposure on major
depressive episode symptomatology
and inflammatory biomarkers





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt-16-1631393-g003.jpg
IL-6 (pg/mL)

Leptin (pg/mL)

60000 - ©
g
[ ]
S 40000 -
z
= 20000 4 e
o %
5 v
0- L =
-20000 -
[ |
HV_nE HV_E
120 25—
100 —
o
2.0 -
80 - .
60 - = o
215 ;"
40 - M °
. O & .
20 ® ‘ ..
° o 104 &
®
0 W A
-20 - 0.5 -
[ | [ |
HV_nE_TO PT_nE_TO HV_nE_TO PT_nE_TO
120000 - 30000 -
100000 . 25000 —
— o v
80000 - . £ 20000 - ,
c L
60000 -  © ¢ = 15000 — , @
o 3 g .
40000 ~ ° e © 10000 7 g ce
»° o °s L
20000 - o° o+ & 5000 - -
g i <
0 - -
-20000 - -5000 —
| | [ |
HV_nE_TO  PT_nE_TO HV_nE_TO  PT_nE_TO
30000 -
- (]
£ 20000 -
(@)
£ e "
= 15000 - :.:
e [ J
& 10000 = ‘o $
8 o® e
S 5000 - €,
©
< o
-5000 -

HV nE_TO  PT nE_T1

(Q)





OEBPS/Images/fpsyt-16-1631393-g002.jpg
CRP (mg/L)

10 -
[ ]
5| .
@
0%
]
0 s
-5 -
[
PT nE_TO
0.8 -
06—
0a] "o*
S.-.-
02— e
(&)
0.0 -
0.2
[
PT nE_TO
15 -
10 -
o ©
[ )
5 °°
[ ]
..
@
O = [ ]
_5 -
[
PT nE_T1
50
40 -
30-4 °
[ ]
20 - .‘.'
o
104 &
O .
10 -
[
PT E TO

-
e £
(@]
&
B .
wdt = =
|
PT_E_TO
-
£
® o))
£ &
oy £
oo’ %
-
]
PT_E_TO
-
£
) g
.. ((ID
-
&8 = =
|
PT_E_T1
100000 -
80000 -
R [ J
£ 60000 - ©
2
£ 40000 - o
c [2)
'43_ @
S 20000 4 & .
- : 6.
[ ]
0 -
-20000 -
1
PT_nE_T1  PT_E_TH
@
e,
®
3,
®
|
PT_E_T1

120
100 —

80 —

0_

-20 -

|
PT_nE_TO

120000

100000 —

B (e} 0]
o o o
o o o
o o o
o o o
| | |
©

20000 —

0_

-20000 —

PT_nE_TO

PT_E_TO

(A)

Adiponectin (ng/mL)

C

40000 —

30000 —

20000

10000 —

O_

-10000 -

PT_nE_T1

g/L)

~—

C3

Adiponectin (ng/mL)

g/L)

~—

C3

Adiponectin (ng/mL)

2.0 —

15 _o®

1.0 —

50000 —

40000 —

30000

20000 —

10000 4 e

0_

-10000 —
PT_nE_TO

2.5 1

2.0

1.5 —

104 o

PT_E_TO

PT_E_T1

50000 —

40000 - o

w

o

o

o

o
|

20000 —

10000 — .‘i.






OEBPS/Images/fpsyt-16-1631393-g001.jpg
7N\
Screened

n=93

/%\

Excluded
n =23 (25%)

Age
n =12 (52%)
N—

Comorbidities
n =11 (48%)
N

Included
n =70 (75%)

/'\—\'/—/‘\

Refused
n =17 (24%)

For burden
n=11(65%)
NS

For BS

n =6 (35%)
~—

Accepted
n =53 (76%)

"

Drop-out
n =22 (42%)
Nl

Completers
n =31 (58%)

nE t->t;
n =12 (39%)

E t->t,
n=19 (61%)
"

P B
HV
n=231
\7/
Jesimdll R
| nE -6w BS
n= 21(68%)
| " ol
L~
E -6w BS
n=10 (32%)
\\/





