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Article 

Green Exposure, Depression, and Inflammatory 
Biomarkers: A Prospective Study 
Gianna Pavarino 1,2,†, Claudio Brasso 2,*,†, Marina Boido 1,2, Anna Carluccio 2,3, Francesca Cirulli 4, 
Giulio Mengozzi 5,6, Roberta Schellino 1,2, Alessandro Vercelli 1,2,‡ and Paola Rocca 2,3,‡ 

1 Neuroscience Institute Cavalieri Ottolenghi, Orbassano, Italy 
2 Department of Neuroscience R. Levi Montalcini, University of Turin, Turin, Italy 
3 Struttura Complessa Psichiatria Universitaria, Dipartimento di Neuroscienze e Salute Mentale, Azienda 

Ospedaliero-Universitaria Città della Salute e della Scienza di Torino, Turin, Italy 
4 Center for Behavioral Sciences and Mental Health, Istituto Superiore di Sanità, Rome, Italy 
5 Dipartimento di Scienze Mediche, University of Turin, Turin, Italy 
6 Struttura Complessa Biochimica Clinica, Dipartimento di Medicina di Laboratorio, Azienda Ospedaliero-

Universitaria Città della Salute e della Scienza di Torino, Turin, Italy 
* Correspondence: Correspondence: claudio.brasso@unito.it; 
† These authors contributed equally to this work. 
‡ These authors contributed equally to this work. 

Abstract: Major depressive disorder and bipolar disorders are prevalent mental health conditions 
that significantly impact quality of life and life expectancy. These mood disorders involve major 
depressive episodes (MDE), which pose a substantial burden for patients and their families. While 
psychopharmacological therapies are a first-line treatment for MDE, the response is often incomplete. 
New approaches focused on the human-nature relationship may potentially complement 
antidepressant treatments, thus reducing psychopharmacological needs. This study aims to evaluate 
whether green exposure affects depressive symptoms and inflammatory biomarker levels in patients 
with MDE. This prospective study examined the association between exposure to green 
environments such as woods, forests, large parks, and gardens for at least 45 minutes twice a week, 
depressive symptoms, and inflammatory biomarkers in 31 patients with an ongoing MDE. The 
findings suggest that exposure to greenness, together with the modification of antidepressant 
therapy, is associated with improved depressive symptoms, lower levels of inflammatory biomarker 
interleukin-6, and higher concentrations of adiponectin after six weeks of treatment. These results 
suggest that exposure to green environments may have a favorable impact both on mental health and 
on inflammatory processes, and thus represent a complementary therapeutic strategy. Such 
information could be relevant to clinicians and urban planners. 

Keywords: major depressive disorder (MDD); bipolar disorders (BD); mood disorders; interleukin-
6; adiponectin; human-nature interaction; shinrin-yoku; forest bathing; augmentation strategies; 
urban green environments; urban park design 
 

1. Introduction 

In the 5th Edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), 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]. 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 (WHO, 2022). 
MDD is the second cause of years lived with disability and is expected to become the leading one by 
2030 [2,3]; BD is currently the 27th [2]. Globally, both conditions are associated with significantly 
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reduced quality of life (QoL) and life expectancy [4,5] and carry a particularly elevated risk of 
premature death from natural causes [6] and suicide [6–9]. Both MDD and BD share the presence of 
major depressive episodes (MDEs). MDEs consist of periods of two weeks or more during which 
there is a persistent change in the person’s usual level of functioning and are characterized by 
depressed mood, loss of interest, alterations in sleep and appetite, fatigue, difficulty concentrating 
and memory, feelings of guilt, and thoughts of death (DSM-5). Therapeutic strategies, such as 
antidepressant medication, are available to treat MDEs, although outcomes are suboptimal given that 
roughly half of the patients do not achieve complete remission [10–13]. 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 [14]. 

This lack of response to antidepressants may partially depend on the complex and poorly 
understood etiopathogenesis of mood disorders [15]. Recent research on the pathophysiological 
processes of depression focused on the alteration of the monoamine neurotransmitter systems, 
dysregulation of the hypothalamus-pituitary-adrenal axis (HPA) and the immune system, genetic 
susceptibility, maladaptive epigenetic modifications, oxidative stress-induced damage, and 
neurodevelopmental alterations [16–24]. 

In particular, MDD and BD are associated with altered stress-response [25] and chronic 
inflammation [26,27]. As concerns stress, an increased reactivity of the hypothalamic-pituitary-
adrenal (HPA) was found in both mood disorders [28,29]. The HPA axis regulates cortisol secretion, 
which promotes allostasis by managing stress responses [30]. However, prolonged exposure to this 
hormone can lead to structural brain changes potentially contributing to the pathophysiology of 
MDD and BD [28,29]. As to inflammation, acute phase proteins, mainly C-reactive protein (CRP), are 
increased in patients with MDD and BD [2]. CRP has three primary functions: it promotes 
complement activation, opsonization, and the induction of phagocytosis [31]. Similarly to CRP, the 
complement system is critical in innate immune activity. Over 30 serum proteins are activated 
through three major pathways converging on the cleavage of the complement component C3 [32]. 
Elevated levels of this acute-phase protein [33–36], as well as of the C4 fraction [35,37], were found in 
patients with depression as compared to healthy controls. Complement activation may increase the 
permeability of the blood-brain barrier (BBB) and, consequently, promote neuroinflammation and 
the development of depressive symptoms [38]. Another relevant plasmatic marker of inflammation 
is interleukin-6 (IL-6) [39]. IL-6 is a multifunctional cytokine that participates in the transition from 
the acute phase to the chronic phase of inflammation [40]. This interleukin is elevated in patients with 
MDD [41] and BD [42] and might connect many pathological mechanisms sustaining mood disorders 
[41]. Higher levels of inflammation and metabolic alterations are frequent in MDD and BD [43]. 
Among cytokines, adipokines, i.e., the cytokines secreted from adipose tissue, are essential in linking 
metabolism and inflammation [43]. The two main adipokines are leptin and adiponectin [44]. Leptin 
regulates energy balance and appetite, has pro-inflammatory effects, and is augmented in obesity 
and chronic inflammation that cause leptin resistance and consequent hyperleptinemia [45,46]. 
Adiponectin is involved in glucose homeostasis and fatty acid oxidation, has anti-inflammatory 
properties, and is decreased in chronic inflammation [47–49]. Finally, brain-derived neurotrophic 
factor (BDNF), essential for neurogenesis and synaptic plasticity, particularly in the hippocampus 
[50,51], appears to be a fundamental link between inflammation and depression. Peripheral 
inflammation can compromise BBB integrity, increasing its permeability and allowing circulating 
cytokines’ entry into the brain [52]. Their neuroinflammatory action downregulates BDNF expression 
within the central nervous system (CNS), impairing neuroplasticity and contributing to cognitive and 
affective symptoms found in MDEs [52–55]. 

The high rate of patients who do not adequately respond to antidepressant therapies motivates 
the development of additional nonpharmacological treatments for MDEs in MDD and BD. Among 
them, there is a growing interest in multidisciplinary approaches that focus on human-nature 
interaction, such as frequenting natural green environments [56]. Indeed, green exposure reduces 
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mental distress and promotes happiness, positive social interactions, and subjective well-being [56–
58]. Some of these effects appear due to molecules released in green areas, i.e., terpenes -plant 
secondary metabolites- that display a broad spectrum of biological activities, particularly anti-
inflammatory ones [59]. Living near green spaces reduces proinflammatory processes and chronic 
stress response and is associated with a lower risk of developing depression [60,61] and a longer life 
expectancy [62]. 

Therefore, the aim of this study is to evaluate whether exposure to natural green environments 
has a role in decreasing depressive symptoms and inflammatory biomarkers in patients with MDD 
or BD. 

2. Results 

2.1. Characteristics of the Sample at Baseline 

Eighty-four subjects (53 patients, 31 HV) participated in the study. Twenty-two (41.5%) patients 
dropped out at follow-up; drop-outs did not show significant differences at baseline with patients 
who completed the study (Table 1). Most follow-up 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 [63]. 

Table 1. Characteristics of follow-up (n = 31) and drop-out (n = 22) patients at baseline and between-group 
comparison. 

 
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 
p-FDR 

Sociodemographic 
variables 

    

Age, years 48.0 [31.0; 56.0] 47.0 [35.0; 59.5] 49.5 [30.3; 55.0] .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] .424 
     

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

Numbers of 
hospitalization 

1 [1; 3] 1 [1; 2] 1 [1; 3] .411 

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

Biological markers      
IL-6, pg/mL 2.0 [1.0; 4.0] 2.0 [1.0; 4.5] 2.0 [1.0; 2.0] .411 
CRP, mg/L 0.9 [0.4; 2.1] 0.9 [0.4; 2.5] 0.8 [0.4; 1.6] .810 

C3, g/L 1.18 [1.02; 1.41] 1.18 [1.02; 1.39] 1.19 [1.04; 1.41] .898 
C4, g/L 0.29 [0.23; 0.35] 0.26 [0.21; 0.31] 0.32 [0.28; 0.41] .150 

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

Leptin, pg/L 
10,423 [5,751; 

24,111] 
14,202 [5,641; 

23,196] 
9,349 [7,124; 

22,372] 
.999 

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

11,246] 
.411 

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

912.1] .411 

Continuous variables are expressed as median and interquartile range [Q1; Q3]; vs: versus; FDR: false discovery 
rate correction; HAM-D: Hamilton scale for Depression; CRP: C-Reactive Protein; C3: complement fraction 3; 
C4: complement fraction 4; BDNF: Brain-Derived Neurotrophic Factor. 
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2.2. Group Comparisons at Baseline and Follow-Up 

At baseline, patients exposed to green during the study had lower IL-6, CRP, C3, C4, and leptin 
levels and higher adiponectin concentrations than nonexposed patients (Figure 1a; Table 2). 

 

Figure 1. Significant differences from group comparisons: (a) Green-exposed patients at baseline versus follow-
up; (b) Nonexposed versus green-exposed patients at baseline; (c) Nonexposed versus green-exposed patients 
at follow-up; (d) Nonexposed versus exposed healthy volunteers; (e) Nonexposed healthy volunteers versus 
nonexposed patients at baseline; (f) Nonexposed healthy volunteers versus nonexposed patients at baseline at 
follow-up. PT: patients; E: exposed; nE: nonexposed; T0: baseline; T1: follow-up. 

Table 2. Characteristics at baseline and six-week follow-up of green exposed and nonexposed patients and 
between-group and paired-sample comparisons. 
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Sociodemogr
aphic 

variables 
               

Age, years 
46.0 

 [28.0; 
50.0] 

54.5 
 [38.0; 
60.5] 

- - 
31.0 

[25.0; 
33.0] 

40.5 
[31.0; 
57.0] 

.324 - .215 .243 - .072 - - - 

Sex, female 
14 

(74%) 8 (67%) - - 
6 

(60%) 
15 

(71%) .839 - .832 .966 - .812 - - - 

Education, 
years 

13.0 
 [13.0; 
17.0] 

13.0 
 [11.7; 
13.7] 

- - 
18.0 

[13.0; 
18.0] 

13.0 
[13.0; 
18.0] 

.324 - .577 .628 - .048 - - - 

                
Biological 
markers                

IL-6, pg/mL 
2.00  

[1.00; 
3.5] 

4.00 
 [2.75; 
16.75] 

0.05  
[0.01; 
1.00] 

2.00  
[1.00; 
3.00] 

0.60 
[0.01; 
1.60] 

1.00 
 

[0.01; 
1.75] 

.048 .005 .577 .243 .966 .004 .177 .002 .081 

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] 

0.5 
 [0.3; 
1.8] 

0.9  
[0.8; 
1.5] 

.002 .005 .324 .656 1.00 .065 .094 .542 .906 

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] 

1.09 
[1.02; 
1.11] 

1.28 
[1.16; 
1.36] 

.002 .002 .075 .735 1.00 .048 .052 .542 .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] 

0.20 
[0.18; 
0.24] 

0.27 
[0.22; 
0.33] 

.021 .095 .215 .735 1.00 .228 .431 .777 .290 

Cortisol, 
mcg/L 

105 
[79; 
129] 

110 
[71; 
125] 

136 
[96; 
168] 

97 
[92; 
133] 

125 
[112; 
144] 

100 
[93; 
112] 

.855 .070 .710 .628 .966 .530 .356 .121 .906 

Leptin, pg/L 

6,095 
[3,112

; 
13,061

] 

24,444 
[22,211

; 
40,018] 

7,099 
[4,871

; 
9,505] 

24,506 
[17,572

; 
36,166] 

3,192 
[1,52

5; 
4,462

] 

9,925 
[8,55

4; 
26,28

1] 

.002 .002 .004 .243 .248 .017 .094 .551 .290 

Adiponectin, 
ng/L 

12,182 
[8,599

; 
13,960

] 

7,309 
[5,470; 
13,503] 

13,599 
[10,65

0; 
15,642

] 

6,968 
[5,216; 
10,479] 

13,14
1 

[10,2
16; 

17,28
8] 

11,62
6 

[9,31
4; 

14,83
2] 

.026 .003 .722 .628 1.00 .017 .016 .018 .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

] 

429.1 
[227.

4; 
712.0

] 

234.8 
[192.

5; 
561.7

] 

.750 .372 .950 .735 .966 .567 .177 .110 .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] 

- - .855 .188 - - - - - .002 .855 

Variables in bold showed a significant between-group difference; continuous variables are expressed as median 
and interquartile range [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; 
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; FDR: False Discovery Rate correction; CRP: C-
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Reactive Protein; C3: Complement fraction 3; C4: Complement fraction 4; BDNF: Brain-Derived Neurotrophic 
Factor. 

At follow-up, we found the same differences except for C4 (Figure 1b; Table 2). HV exposed to 
green had lower leptin levels than those nonexposed (Figure 1c; Table 2). 

The comparison between patients and HV exposed to green did not show significant results 
either at baseline or at follow-up (Table 2). 

At baseline, nonexposed patients had higher levels of IL-6, C3, and leptin and lower levels of 
adiponectin compared to nonexposed HV (Figure 1d; Table 2). 

At follow-up, nonexposed patients exhibited lower adiponectin serum concentrations than 
nonexposed HV (Figure 1e; Table 2). 

2.3. Paired Sample Comparisons Within Exposed and Nonexposed Patients’ Groups 

The paired sample comparisons showed that patients exposed to green had a reduction of 
depressive symptoms and IL-6 levels and an increase in adiponectin serum concentration at the six-
week follow-up visit (Table 2; Figure 1f).  

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

2.4. The Impact of Green Exposure on Depressive Symptoms and IL-6 and Adiponectin Plasmatic Levels 

The regression models (Table 3) indicated that exposure to green environments was significantly 
associated with a reduction of depressive symptoms and IL-6 plasmatic levels and with an increase 
in adiponectin plasma concentrations. 

Table 3. Regression models: contribution of the exposure to green environments to the follow-up outcomes. 

Regressor B 95%CI of B p Outcomes at follow-up 

Exposure to green 
environments between 
baseline and follow-up 

-3.850 -7.627; -.028 .048 Depressive symptoms  
(HAMD, total score) 

-1.420 -2.503; -.338 .012 IL-6, pg/mL 
3,795 1,022; 6,567 .009 Adiponectin, ng/L 

CI: confidence interval; IL: interleukin. 

3. Discussion 

This paper evaluated the impact on depressive symptoms and inflammatory biomarkers of a 
six-week repeated green exposure as an additional treatment for patients experiencing an MDE. 
About two-thirds of our sample was exposed to green environments at least twice a week. This 
practice, in association with the modification of antidepressant therapy, contributed to symptom 
improvement, IL-6 reduction, and adiponectin increase. 

The immersion into greenery proposed to our patients effectively fosters a human-nature solid 
connection, consistent with the so-called “biophilia hypothesis” [64]. Introduced in 1984, this theory 
posits that humans evolved with nature and, therefore, have an innate connection with it shaped by 
evolutionary forces [65]. According to this hypothesis, the human bond with the natural world is 
deeply rooted in our biology and contributes to our psychological well-being, reducing stress and 
enhancing cognitive function. This highlights that our affinity for nature supports mental and 
physical health, making incorporating natural elements into human environments essential for 
improved well-being [65]. Focusing on our results, 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 [66–70]. Immersing themselves in nature might have offered a 
reprieve from these stressors and contributed to the observed improvements in depressive 
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symptoms. This agrees with a recent large meta-analysis that 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 [71]. 

The positive effects of green exposure may depend on the sensory stimuli of immersion in a 
natural environment and the inhalation of terpenes. Studies on “Shinrin-yoku” -literally forest 
bathing- a Japanese practice of physical relaxation through forest aerosol showers with all senses [72–
74], highlight how exposure to forest environments can lower cortisol levels, pulse rate, and blood 
pressure, promoting a sense of well-being [75]. Other studies indicate that visual exposure to 
greenery alone can elicit similar benefits. Even brief views of nature, such as looking at pictures, 3D 
images, videos, or virtual reality of green landscapes, have been associated with activating brain areas 
related to emotion regulation [76,77], stress reduction, and mood improvement [78,79]. An additional 
antidepressant mechanism of green exposure could be related to increased exposure to sunlight [80]. 
Being outdoors in green spaces during sunny days may promote antidepressant effects of sunlight 
related to visual exposure to light and activation of vitamin D [81]. A further study has demonstrated 
that olfactory stimuli, even more than visual ones, may reduce stress [82]. Among inhaled substances, 
terpenes, aromatic compounds released by many plants, including trees and shrubs, have been 
shown to have anxiolytic and anti-depressive effects [83]. Once inhaled, terpenes can interact with 
CNS by activating olfactory receptors or directly crossing the BBB. Following the first route, terpenes’ 
contact with the primary olfactory neurons transduces a signal to the glomerulus of the olfactory 
bulb, i.e., the relay between the peripheral and central olfactory systems. Then, olfactory information 
is transmitted to the secondary olfactory structures, mainly the piriform cortex. Finally, tertiary 
olfactory structures, including the thalamus, hypothalamus, amygdala, hippocampus, and 
orbitofrontal and insular cortices, are involved [84]. This direct connection between the olfactory and 
limbic systems may contribute in reducing stress and depressive symptoms following terpenes 
inhalation [85]. When crossing the BBB through the nasal epithelium, terpenes interact with specific 
receptors, influencing various neural pathways. For example, linalool, produced by several aromatic 
plants and flowers such as bay leaves, mint, citrus fruits, and lavender, binds to GABA-A receptors, 
exerting an anxiolytic effect and reducing depressive symptoms [86–88]. β-Caryophyllene, instead, 
is produced from various aromatic plants and spices such as rosemary, basil, and lavender. It is a full 
agonist of cannabinoid receptors 2 (CB2) that exerts an anti-inflammatory effect by reducing pro-
inflammatory cytokines in the CNS, thus alleviating neuroinflammation [89–91]. Thanks to its 
permeability, high vascularization, and bypass of first-pass metabolism, the nasal epithelium is a 
promising route for needle-free drugs administration, which is reflected in several well-established 
drugs using this delivery strategy [92,93]. 

During a MDE, the CNS and the rest of the body establish a complex dialogue through cytokines, 
metabolism, and acute-phase proteins [94]. Patients experience a phase of emotional, cognitive, and 
inflammatory disruption, accompanied by acute psychological and physical stress, during which 
various systems (namely the psycho-neuro-endocrine-immune systems) interact closely, leading to 
homeostatic imbalances [95]. These systems communicate via signaling molecules like cytokines, 
hormones, and neurotransmitters, creating a dysfunctional feedback loop that negatively influences 
mood regulation, immune response, and stress adaptation [95]. Our results showed an inverse 
correlation between specific biological markers and green exposure. Indeed, compared to non-
exposed patients, those who spent more time in green environments had lower baseline levels of IL-
6, CRP, C3, C4, and leptin, and higher levels of adiponectin, showing that higher inflammatory levels 
at baseline were associated with lower engagement in green exposure. At follow-up, exposed patients 
demonstrated a reduction in IL-6 serum concentration and an increase in adiponectin, highlighting a 
possible anti-inflammatory role 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 
negatively affect patients’ ability to move toward natural green environments [96–98]. This could 
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account for our findings, showing that patients with higher levels of chronic inflammation markers 
at baseline are indeed the ones who experience more difficulty in attending green areas. 

IL-6 is a biomarker of chronic inflammation that plays a crucial role in regulating immune 
responses, including neuroinflammation [99,100]. Heightened levels of IL-6 are linked to the 
activation of the HPA axis, the alteration of neurotransmitter metabolism, and more severe 
depressive symptoms [101]. Consequently, IL-6 may influence the onset and progression of 
depression [26]. We found increased IL-6 levels in patients at baseline. This agrees with previous 
studies that demonstrated this cytokine was elevated in MDD and BD patients with active MDE 
compared to patients during remission [102]. Moreover, our results show that IL-6 levels decreased 
at follow-up in patients exposed to green environments during the study. This effect might depend 
on the correlates of greenery, particularly terpenes inhalation and exposure to sunlight. Many 
previous studies reported the systemic anti-inflammatory activity of terpenes [103–105], which might 
be implied in the reduction of IL-6 that we found, while sunlight exposure has already demonstrated 
an anti-depressant and IL-6-reducing effect in depressed patients [80]. 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 [106]. Adiponectin increased after green exposure. We suppose that the well-
documented anti-inflammatory properties of exposure to nature might have reduced inflammation 
in depressed patients, creating a more favorable environment for adiponectin levels to rise. Once 
inflammation is lowered, this could, in turn, allow adiponectin to regain its regulatory role, 
contributing to improved metabolic and mood-related outcomes. Indeed, this adipokine is a 
pleiotropic adipocyte-secreted hormone; apart from its insulin-sensitizing role, it also has 
neurotrophic properties since it binds to receptors in both the hippocampus and medial PFC [107]. 
Remarkably, intracerebral injection of exogenous adiponectin in mice elicits an antidepressant 
response [107]. Moreover, studies demonstrated that exercise and environmental enrichment 
[108,109] in mice could also increase adiponectin levels, together with antidepressant effects’ 
induction and depression-like states’ prevention, respectively. 

Our study has some limitations that must be acknowledged. Firstly, the observational design 
lacks the control of a randomized trial, which may introduce biases. Secondly, the sample size is 
limited, which may affect the generalizability of the findings. Additionally, the short follow-up 
period hinders assessing long-term effects on functioning and quality of life. 

Despite these limitations, this study has notable strengths. It is pioneering as the first to examine 
green space exposure in patients with MDE in a real-world setting, showing that patients adhere to 
spending time in green spaces despite acute depression. We also show preliminary evidence of 
efficacy, with improvements in depressive symptoms and inflammatory balance linked to green 
space exposure. The clinical sample, which consists of patients with acute MDE, provides a unique 
insight into this population. 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 exposure and immersion into green 
environments. Previous studies examined the relationship between green exposure and depressive 
symptoms in the general population; our study focused specifically on patients with MDD or BD 
during an acute depressive phase (MDE). 

Future research directions include increasing the sample size to reach higher statistical power 
and extending the follow-up period to assess the long-term impacts of green exposure on patients’ 
functioning and quality of life. Moreover, evaluating neurocognitive functions and their relationships 
with MDE, inflammation, and exposure to green spaces could offer insights into the underlying 
mechanisms. Finally, studying epigenetic processes, such as miRNA transcription and histone 
modifications, could help clarify the role of green space exposure in regulating gene expression 
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associated with depression and inflammation, further bridging the gap between environmental 
exposure and biological mechanisms. 

In conclusion, exposure to natural green environments contributes to psychopharmacological 
therapy in accelerating the reduction of depressive symptoms and is associated with reduced 
inflammatory status. Information from this work could be relevant not only to psychiatrists dealing 
with depression but to all clinicians dealing with mental or neurological disorders who might benefit 
from the anti-inflammatory effect of exposure to green environments. Furthermore, these data 
indicate that designing and distributing urban greenery by giving space to large parks spread 
throughout the city fabric may positively impact the mental health of city dwellers. 

4. Materials and Methods 

4.1. 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 aged between 18 and 65 years, living in an urban area, and had a 
diagnosis of MDD or BD (DSM-5 criteria) with an ongoing MDE necessitating the initiation or 
modification of an antidepressant treatment. Exclusion criteria were neuropsychiatric comorbidities, 
assessed according to DSM-5 criteria, including neurodevelopmental disorders, alcohol and/or 
substance use disorder and major neurocognitive disorders, difficulties of mobility that impair access 
to green areas, and pregnancy. 

Healthy volunteers (HV) were excluded if they had a positive history of head injury with loss of 
consciousness, neurological disease, current use of drugs with effects on the CNS, history of 
alcoholism or substance abuse in the last six months, pregnancy, and a positive personal and/or 
family history of psychiatric disorders. 

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

At baseline, we suggested patients be exposed to 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 that 
allowed patients an immersive greenery experience through sight, hearing, and smell. We suggested 
patients be exposed to green environments for 45-60 minutes three non-consecutive days a week until 
the follow-up visit. HV’s data collection and blood sampling were performed at one time point only. 

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). 

4.2. 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 exposed to 
greenery 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. 

The clinical characteristics of MDD or BD and the severity of depressive symptoms were 
assessed by two expert psychiatrists (C.B.; A.C.). Severity of symptoms was evaluated with the 
Hamilton Rating Scale for Depression (HAM-D) [110], where a higher score indicates greater severity. 
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After six weeks from baseline, patients performed the follow-up visit. They were reassessed with 
the HAM-D scale and asked whether they were exposed to green environments for at least 45 minutes 
on two non-consecutive days per week; according to their response, patients were considered 
exposed or non-exposed to green environments. 

The nursing staff conducted venous sampling of all subjects at baseline and follow-up. In the 
serum, we dosed cortisol, IL-6, CRP, 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 dosage of biomarkers in participants’ blood samples is described in supplementary 
methods. 

4.3. Statistical Analysis 

The normal distribution of the continuous variables was verified with the Shapiro-Wilk test. 
Variables were expressed as median and interquartile range.   
The Mann-Whitney test was employed for independent sample comparisons, and the Wilcoxon test 
for paired ones. The false discovery rate (FDR) was controlled with the Benjamini-Hochberg (BH) 
correction procedure [111]. 

The significant results of the Wilcoxon tests were used to perform linear regression models. 
Follow-up variables showing a significant variation from the baseline in the Wilcoxon tests were 
chosen as outcomes for the regression models. Exposure to green environments between baseline and 
follow-up was entered as the regressor in all regression models. The models were controlled for the 
diagnosis (MDD or BD) and the baseline variable that was significantly different in the Wilcoxon test. 
For example, if depressive symptoms were significantly different in the Wilcoxon test, we chose 
depressive symptoms at follow-up as the outcome while controlling for depressive symptoms at 
baseline. 

Analyses were conducted with IBM Statistical Package for Social Science (SPSS) version 29.0 and 
Jasp version 0.18.3, with a critical p of 0.05. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org, Method M1: Biomarkers’ dosage. 
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