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Abstract. Forest bathing, conceptualised as a cognitive, experiential and
affective pathway supporting human well-being, has attracted increasing
international attention. Although its psychological effects have frequently
been assessed using the Profile of Mood States (POMS), research focusing
specifically on cancer survivors remains limited, particularly within
European and sustainability-oriented contexts. This preliminary study
examined the effects of three-monthly forest bathing sessions conducted
between July and September 2023 in a sustainably managed forest in the
north-eastern Italian Alps. Fifteen cancer survivors participated on a
voluntary basis. POMS assessments administered before and after each
session measured six mood dimensions as well as Total Mood Disturbance.
Participants demonstrated consistent improvements in mood across the
intervention period, with a subset also reporting enhanced environmental
awareness. These findings indicate that repeated forest bathing experiences in
sustainably managed settings may confer psychological benefits while
fostering a deeper appreciation of natural environments, thereby warranting
further investigation within European healthcare and sustainability
frameworks.

1. Introduction

‘Forest Bathing’ (FB), defined as ‘taking in the forest atmosphere’ (Tsunetsugu,
Park and Miyazaki, 2010, p. 27), denotes a well-established cognitive, experiential
and affective approach to restoration within forest environments. It may be
conceptualised as an accessible and low-cost intervention with the potential to
promote psychological restoration and well-being among vulnerable populations
(Tsunetsugu, Park and Miyazaki, 2010; Lee et al., 2017; Li, 2022). Despite its
increasing popularity, the potential of FB to enhance human health — while
simultaneously fostering deeper forms of engagement with nature — has only
recently attracted broader scholarly recognition (Giusti et al., 2025).

The availability of forest ecosystems, whose restorative effects have been
documented through scientific investigations conducted by health professionals

Vis Sustain, 26, 1-29 http://dx.doi.org/10.13135/2384-8677/13406



http://dx.doi.org/10.13135/2384-8677/13406

Advancing sustainable, evidence-based forest bathing in cancer care 3

and trained researchers, has facilitated the evolution of FB into Forest Therapy
(FT), defined as an evidence-based approach designed to support individual
healing through structured FB activities (FTS, 20206). Attention has been devoted
to volatile phytochemicals emitted by well-preserved and healthy forests, which
may contribute to sustainable health enhancement when inhaled during FB
sessions (Li, 2023; Simpraga et al., 2019; Cho et al., 2017). More broadly, plant-
derived phytochemicals have historically underpinned pharmaceutical
innovation, thereby underscoring the importance of biodiversity conservation
for environmental sustainability and drug discovery (David, Wolfender and Dias,
2015). Notwithstanding the expanding body of evidence concerning the
therapeutic potential of forest aerosols, global health institutions, including the
World Health Organization, have only recently begun formally to acknowledge
the role of human—forest interactions in addressing non-communicable diseases

(NCDs) (World Health Organization [WHO], 2023).

Cancer remains one of the leading non-communicable diseases (NCDs) and
accounted for approximately 10 million deaths worldwide in 2020 (World Health
Organization [WHO], 2026). Although substantial advances have been achieved
in diagnostics, pharmacological innovation and therapeutic modalities (Williams,
Zaidi and Sengupta, 2023), significant challenges persist, including treatment-
related adverse effects, high economic costs, acquired resistance and
psychological distress, all of which constrain long-term effectiveness and equity
in cancer care (Yang et al., 2021).

This study focuses on cancer survivors, defined as individuals who have
completed treatment, are undergoing long-term therapies, or present with no
current evidence of disease. Such individuals frequently experience substantial
comorbidities, including mood disturbances (Cheng and Yeung, 2013),
depression (Thalén-Lindsttém et al, 2013), and reduced quality of life
(Bottomley, 2002).

The study addresses the following research questions (RQs):

RQ1I: Do cancer survivors experience reductions in negative mood states
following engagement along a designated forest path?

RQ2: Do they experience improvements in positive mood states?

RQ3: Are these effects consistent across multiple FB sessions?

RQ4: How are these effects associated with considerations of environmental
sustainability?
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The corresponding research tasks (RT's) are as follows:

RT1: To assess changes in negative mood states before and after FB sessions.
RT2: To assess changes in positive mood states.

RT3: To determine whether these effects are systematic and sustained over time.
RT4: To explore participants’ post-experience reflections.

Based on these tasks, the research hypotheses (RHs) are formulated as follows:

RH1: I'B reduces negative mood states.

RH2: FB enhances positive mood states.

RH3: These effects remain stable across repeated sessions.

RH4: These effects may contribute to increased environmental awareness
among cancer survivors.

The clinical study was conducted between 16 January 2023 and 15 December
2023 and received approval from the Regional Ethical Review Authority
(Comitato Etico Unico Regionale; CEUR-2022-Sper-102) on 27 September
2022, in accordance with the applicable legislation governing research involving
human participants.

2. Materials and Methods

2.1. The environmental sustainability of FB excperiences

This study examines the potential of FB to enhance psychological well-being
among cancer survivors whilst simultaneously contributing to environmental
conservation, thereby aligning with the United Nations Sustainable Development
Goals (SDG) 3, Good Health and Well-Being, and SDG 15, Life on Land (United
Nations, Department of Economic and Social Affairs [UN DESA], 2023).

The theoretical foundations of FB are grounded in the concept of biophilia,
defined as the innate human inclination to seek connections with nature (Fromm,
1964; Wilson, 1984; Kellert and Wilson, 1993). Engagement in FB requires access
to well-maintained forest environments; however, no additional built
infrastructure is necessary to organise I'B sessions, as the principal prerequisite
is the availability of healthy forest ecosystems. Participants may therefore benefit
from forest-based therapeutic activities without the establishment of new

healthcare or wellness facilities, as supported by emerging evidence (Liu et al.,
2007; Van Santen et al., 2019; Irwin et al., 2020).

In parallel, international environmental organisations have begun to acknowledge
the potential of FB and FT programmes to contribute to conservation strategies
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(Food and Agticulture Organization of the United Nations [FAO], 2023; United
Nations Environment Programme [UNEP], 2015). For the purposes of this
study, FB may be conceptualised as a forest ecosystem service capable of
fostering deeper human—nature relationships (Giusti et al., 2025), facilitating
circular economic processes (Zhang et al., 2022), and supporting urban and peri-
urban forest conservation initiatives (Maleknia, 2025) by enhancing public
awareness of the fundamental role of forests in promoting human well-being.

2.2. The economic sustainability of cancer care systems

Economic sustainability — defined as the efficient allocation of resources and the
long-term financial viability of healthcare systems — constitutes a fundamental
dimension of environmental sustainability (Brundtland and Mansour, 1987).
European data indicate a 2.3% increase in new cancer diagnoses between 2020
and 2022, amounting to 2.74 million new cases (European Commission, Joint
Research Centre [JRC], 2023). Globally, ecarly-onset cancer incidence increased
by 79.1%, while associated mortality rose by 27.7% between 1990 and 2019
(Zhao et al., 2023).

The socio-economic impact of cancer is both extensive and profound (World
Health Organization [WHO], 2020). It accounts for more than 20% of global
disability-adjusted life years (DALYS), exceeding the burden associated with
other major chronic conditions, including cardiovascular diseases, neurological
and mental disorders, and diabetes (Chhikara and Parang, 2023). Its economic
implications are equally substantial. In recent years, over 19.3 million new cases
have been reported worldwide (Ferlay et al.,, 2021), and global cancer-related
costs are projected to reach $25.2 trillion (in 2017 international dollars) between
2020 and 2050 (Chen et al., 2023).

In Italy, total cancer-related expenditures — both direct and indirect — reached
€20 billion in 2022 (Societa Italiana di Medicina Ambientale [SIMA], 2023), with
an average annual out-of-pocket cost of €1,841.81 per patient (Lillini et al., 2023).
Moreover, cancer survivors experienced significant challenges during recent
pandemics, including disruptions to healthcare services (Al Quteimat and Amer,
2020) and deteriorations in psychological well-being (Tsamakis et al., 2020).
Widespread interruptions to oncology care across multiple countries further
exacerbated these vulnerabilities (Millar et al., 2020).

These figures underscore the need for cost-effective and environmentally
sustainable complementary strategies capable of mitigating long-term healthcare
expenditure whilst supporting patient well-being (Jénsson et al., 2016; Bernitsa
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et al., 2023). Recently, international health organisations have emphasised the
importance of interventions designed to reduce both the human and economic
burden of chronic diseases (World Health Organization [WHO], 2019).
Nevertheless, relatively few studies have examined the potential of light physical
activity — such as walking in natural environments — as a supportive therapy
during or following cancer treatment (Piattelli et al., 2025; Lee and Park, 2020;
Ahmadi and Ahmadi, 2015).

The present study investigates pre- and post-session differences in mood states
among cancer survivors participating in FB, conceptualised as a forest-based self-
care strategy that may complement conventional psychological support services
(Bernitsa et al., 2023).

2.3. FB accessibility for cancer survivors

Forests are commonly defined as areas exceeding 0.5 hectares, with a tree canopy
cover greater than 10 per cent and not primarily designated for agricultural or
urban use (Lindgren and Elmqpvist, p. 1). They provide a wide range of Ecosystem
Services (ES) that support human well-being (Piattelli et al., 2025; Ahmadi and
Ahmadi, 2015; Herdd, Szewczyk Taranek and Palsdéttir, 2022), including
opportunities for FB.

FB (Shinrin-yoku, FRARUR), introduced by Japan’s National Forest Agency in
1982, entails immersive, multisensory engagement with forest environments,
during which participants inhale phytoncides (wood-derived essential oils)
known for their antimicrobial and mood-enhancing properties. FB has been
associated with stress reduction, health promotion and the harnessing of forests’

restorative potential, contributing in a sustainable manner to positive alterations
in cenesthesis (Li et al., 2007; Li, 2010, p. 9).

Among cancer patients, participation in FB sessions has been associated with a
range of psychological and physiological outcomes. Evidence suggests that FB
may increase serotonin levels and improve mood, as reflected in changes in
Profile of Mood States (POMS) scores (Putra et al, 2018; Li et al., 2022).
Additional studies indicate potential enhancements in immune function,
including increased Natural Killer (NK) cell activity, as well as possible
reductions in cancer-related mortality (Li, 2022; 2010; Li et al., 2008; 2007).

Research conducted in Japan further indicates that populations residing in areas
with lower forest coverage exhibited significantly higher standardised mortality
ratios for several cancers — such as lung, breast and uterine cancers in women,
and prostate, kidney and colon cancers in men — independently of major
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confounding factors, including tobacco use and socioeconomic status (Li,
Kobayashi and Kawada, 2008).

Collectively, these findings underscore both the public health relevance of FB
and the importance of environmental sustainability. The conservation and
ecologically responsible management of forest ecosystems may represent a
strategic approach capable of advancing population health whilst reinforcing
long-term ecological resilience. More recently, the Forest Bathing “Way” (FBW)
(Shinrin yokn-ds, Fx AT 1E) has been introduced as a theoretically-rooted
framework designed to prolong psychophysiological regenerative -effects,
promote  environmental  regeneration,  strengthen  community-based
development and advance citizen science initiatives (Droli et al., 2025).

2.4 Mood states in individuals with cancer and the social sustainability of cancer care

Mood may be defined as a relatively stable psychological state (Clark, 2005),
whereas mood states refer to transient emotional responses to internal or external
stimuli (Kiefer et al., 2007). Mood disturbances can substantially undermine the
social sustainability of cancer care by adversely affecting survivors’ quality of life
(Mitchell et al., 2013; Stein, Syrjala and Andrykowski, 2008; Carey and Burish,
1988). Conversely, improvements in mood may contribute to social sustainability
by promoting equity, psychosocial well-being and the long-term resilience of
healthcare systems (Afjal and Trivedi, 2024; World Commission on Environment
and Development [WCED], 1987).

Considering these considerations, comprehensive cancer care frequently
encompasses the systematic monitoring and management of mood states,
particulatly given the interrelated effects of pain and sleep disturbances (Lin, Lai
and Ward, 2003). Evidence further indicates that caregivers may also experience
mood disturbances (Miaskowski et al., 1997, p. 138), whilst intrinsic religiosity
and spiritual well-being have been associated with improved mood and
heightened hopefulness (Fehring, Miller and Shaw, 1997, p. 663).

Relatively few studies have examined the effects of FB among cancer patients,
particulatly within the Italian context. The present study therefore investigates
the impact of repeated FB sessions implemented within the framework of FT,
conceptualised as an evidence-based approach designed to support individual
healing through immersion in forest environments. As systematised by the Forest
Therapy Society (FTS, 2024a), this framework has informed the development of
more structured interventions grounded in the principles of Forest Medicine (Li,
2023).
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2.5. Environmental sustainability of the study area

The study was conducted in the Autonomous Region of Friuli Venezia Giulia
(FVG), in north-eastern Italy, where approximately 38 per cent of the total
territory — quivalent to around 300,000 hectares out of 792,000 hectares — is
forested (Regione Autonoma Friuli Venezia Giulia [RA-FVG], 2023).
Municipalities located within forested areas of the region have been mapped to
assess their potential contribution to respiratory health, based on the density of
tree species known to emit biogenic aerosols with documented therapeutic
properties (Droli et al., 2022).

Forest density: % of municipal territory
covered by trees

A

0 10 20 30km
[ ]

Municipalities_FVG
Municipality of Barcis [J0-0.095
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[ 0.473 - 0.568
I 0.568 - 0.662

Municipality  of
Aviano  (National
Cancer Institute)

I 0.662 - 0.757
I 0.757 - 0.851
I 0.851 - 0.946

Figure 1. Forest density by municipality in the Region of Friuli Venezia Giulia. Source:
Adapted from Droli et al. (2022).

Since 2004, regional forests have been certified under the Programme for the
Endorsement of Forest Certification (PEFC) scheme, thereby ensuring
compliance with sustainable forest management standards (Consorzio Legno
Servizi [CLS], 2026). The Prescudin forest (645 metres above sea level), situated
within the municipality of Barcis, was selected as the research site on the basis of
the mapping study.
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A key consideration was the site’s proximity to healthcare facilities. Barcis is
located near the National Cancer Institute (CRO) in Aviano, thereby minimising
travel distances, reducing transportation-related costs, and limiting greenhouse
gas emissions and air pollution associated with patient and staff mobility. This
geographical advantage enhances the environmental sustainability of the
intervention.

The site is equipped with essential infrastructure — including wide paths, shelters
and sanitary facilities — regularly maintained by the Regional Forestry Corps. It is
designed to ensure accessibility for individuals with physical impairments,
thereby promoting safety, inclusivity and overall participant comfort (Figures 2a

and 2b).

The path utilised for all FB sessions (Trail No. 980, Tabacco Topographic Map
No. 12) extends for 4.2 kilometres (return distance).

2.6 Inclusion and exclusion criteria and sample

The inclusion and exclusion criteria adopted in this study were as follows.

Inclusion criteria:

Cancer survivors aged 50—75 years;

Completion of standard oncological treatments;

Physical capacity to undertake the proposed activities;

Provision of written informed consent;

Availability on the scheduled dates.

Exclusion criteria:

e Tobacco or alcohol consumption exceeding World Health Organization
(WHO) thresholds;

e Pregnancy;

e Severe physical or mental health conditions;

e Unavailability on the specified dates.

Three dates were designated for the FB sessions. Written informed consent was
obtained following a detailed explanation of the nature of the activities, the
research setting and the session schedule. Recruitment was supported by the
research team, healthcare professionals at the CRO, the non-profit association
‘Angolo’ (comprising long-term cancer survivors affiliated with the same centre),
and the Patient Library service, which provides both lending services and
information regarding available facilities.

Recruitment commenced in May 2023. Following screening, 15 cancer survivors
(mean age = 63.71 years; SD = 8.13) were enrolled, including nine women (mean
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age = 57.84 years; SD = 19.23) and two men (mean age = 70.00 years; SD =
4.20). Participants provided written informed consent in June 2023.

Eleven individuals met the inclusion and exclusion criteria throughout the three-
month study period and were therefore eligible to participate in the FB sessions.
Of these, six attended three sessions, three attended two sessions, and two
attended one session.

Figure 2. The Prescudin forest: the environment (A) and facilities (B). Photograph: M. Droli.
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2.7 Forest bathing sessions and mood state assessment

In accordance with evidence indicating that cancer survivors derive greater
benefit from repeated exposure than from a single session (Park, Song and Baek,
2023), three FB sessions were conducted on Saturday 29 July 2023 (15 registered,;
9 attended), Saturday 19 August 2023 (15 registered; 8 attended), and Saturday
16 September 2023 (15 registered; 9 attended).

Each session was led by the same FB guide and followed a standardised structure
(Table 1), incorporating sensory activation exercises, mindful walking, trust-
building activities, group reflection and body meditation. Participants were
invited to share their experiences openly and without interruption. Sessions were
held between 09:00 and 13:00.

Table 1. Timeline of forest bathing activities

Time | Activity

Meeting at the parking area; walk to the Prescudin Forest

Activation of the five senses and group sharing (approximately 20 minutes)

Mindful walking and group reflection (approximately 40 minutes)

Trust-building exercises in pairs and group sharing (approximately 60 minutes)

Tree identification in pairs and group reflection

Barefoot immersion in the stream, focusing on sensory engagement with the water

Body meditation and written reflection

~N |||~ L[N~ (O

Return to the parking area; administration of the post-session assessment.

Mood states were assessed using the 58-item Italian version of the Profile of
Mood States (POMS) questionnaire (Gibson, 1997; Farne et al, 1991),
administered immediately before and after each session. The instrument
evaluates six dimensions: Tension—Anxiety (T), Anger—Hostility (A),
Depression—Dejection (D), Fatigue—Inertia (S), Confusion—Bewilderment (C),
and Vigour—Activity (V). A Total Mood Disturbance (TMD) score was calculated
as follows:

TMD=T+A+D+S+C-V

Participants rated the items on a five-point Likert scale. Raw scores were
converted into standardised T-scores (mean = 50; SD = 10) (Hansen, Jones and
Tocchini, 2017).
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Figure 3. Study participants at the research site. Photograph: M. Droli.

Data analysis was guided by three methodological approaches. First, a ‘general’
or Pareto holistic approach (Schumpeter, 1949) was applied, involving pre—post
comparisons of Total Mood Disturbance (TMD) scores. Secondly, a ‘relational’
or dynamic approach (Smelser, 1962) examined aggregated negative mood states
(Tension—Anxiety, Anger—Hostility, Depression—Dejection, Fatigue—Inertia and
Confusion—Bewilderment) in comparison with the positive mood state of
Vigour—Activity. Thirdly, a ‘particular’ or atomistic approach (Reinert and
Reinert, 2000) entailed separate analyses of each individual POMS subscale.

Statistical significance was established at t-values greater than 1.860 and p-values
below 0.05.

At the conclusion of each session, participants were invited to provide written
comments without guidance regarding content. Environmental awareness
among participants was subsequently explored through qualitative content
analysis, a well-established methodological approach (Berelson, 1952;
Krippendorff, 2018). All comments were anonymised and categorised according
to sex, age, cancer diagnosis and year of diagnosis.
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3. Results

Research Tasks 1 (RT1) and 2 (RT2) aimed to assess differences in negative and
positive mood states before and after the FB sessions. Research Task 3 (RT3)
sought to determine whether these differences were consistently observed across
the three FB experiences (FBEs): the first (FBE1), second (FBE2) and third
(FBE3).

3.1 General (Omnicomprebensive) Analysis Model

Overall improvements in TMD were observed across all three FB sessions
(TMD-1, TMD-2 and TMD-3), as illustrated in Figure 4.

300

250 {

200

150 J

100

—_
—_
e
—_—
b

Mean T-score £ SD
—i
_
_

50

TMD-1 TMD-2 TMD-3
OAVG PRE OAVG POST

Figure 4. General-omnicomptehensive aggregated analysis model: results.

First FBE (FBE1): Mean pre-session TMD was 207.89, decreasing significantly
to 155.00 post-session (t = —4.186, p = 0.0015).

Second FBE (FBE2): TMD declined from a mean of 210.13 to 175.13 (t = —
2.2478, p = 0.0084).

Third FBE (FBE3): TMD decreased from 209.56 to 164.89 (t = —2.3435, p =
0.0232).
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These findings demonstrate a consistent and statistically significant reduction in
TMD following each session.

In relative terms, the reductions were as follows:
First FBE (FBE1): —52.89 (—25.44%))

Second FBE (FBEZ2): —35.00 (-16.67%)
Third FBE (FBE3): —44.67 (-21.31%)

Although improvements in TMD were observed in each session, no uniform
trend in percentage change emerged. Importantly, there was no evidence of
diminishing returns or reduced effectiveness across successive sessions.

3.2 Dynamic-Relational Analysis Model

Figure 5 presents the 58 POMS items aggregated into negative mood states —
Tension—Anxiety (T), Anger—Hostility (A), Depression—Dejection (D), Fatigue—
Inertia (S), and Confusion—Bewilderment (C) — and the positive mood state
Vigour—Activity (V).

Negative mood states (T + A+ D + S + C):
First FBE (FBE1): Decreased from 251.33 to 208.44 (t = —3.6096, p = 0.0034)

Second FBE (FBE2): Decreased from 256.67 to 227.67 (t = —3.0400, p =
0.0061)

Third FBE (FBE3): Decreased from 256.67 to 222.22 (t = —-1.9522, p = 0.0043)
Relative reductions were as follows:

FBE1: —42.89 (-17.06%)

FBE2: -29.00 (-11.30%)

FBE3: —34.44 (—13.42%)

Positive mood state (Vigour—Activity):

FBE1: Increased from 43.44 to 53.44 (t = 4.1208, p = 0.0017)

FBE2: Increased from 50.50 to 56.87 (t = 2.1554, p = 0.0340)

FBE3: Increased from 47.11 to 57.33 (t = 5.5128, p = 0.0017)

Relative increases were as follows:

FBE1: +10.00 (+23.02%)
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FBE2: +6.38 (+12.62%)

FBE3: +10.22 (+21.70%)

On average, the relative improvement in positive mood (+57.34%) exceeded the
reduction in aggregated negative mood states (—41.78%), indicating a
pronounced mood-enhancing effect of the intervention.

350

300
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200 —} -}
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a 150
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©
S 100

AL AT BT AT R

FB1(-) TADSC FB1(+)V FB2(-)TADSC FB2 (+)V FB3(-) TADSC FB3 (+)V

OAVG PRE DOAVG POST

Figure 5. Dynamic—relational analysis model: results. Source: Authors.

3.3 Particular-Atomistic Analysis Model

Figure 6 presents pre—post variations for each individual mood dimension. Below
are the pre—post comparisons in both absolute and percentage terms.

Tension—-Anxiety (T):

FBEL1: 48.33 — 36.88 (t = —4.7714, p = 0.0007; —11.44 / —23.68%)
FBE2: 48.75 — 42.50 (t = —1.9007, p = 0.0496; —6.25 / —12.82%)
FBE3: 45.67 — 41.78 (t = -0.8672, p = 0.1831; -3.89 / —8.52%)
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Anger—Hostility (A):

FBE1: 49.00 — 41.55 (t = —2.4114, p = 0.0212; —7.44 / —15.19%)
FBE2: 52.75 — 46.63 (t = -1.7143, p = 0.0651; —6.13 / —11.61%)
FBE3: 50.55 — 44.56 (t = -1.2185, p = 0.1055; -4.91 / -9.71%)
Depression—Dejection (D):

FBEL: 49.45 — 43.89 (t = -2.1647, p = 0.0312; -5.56 / —11.24%)
FBE2: 54.00 — 49.75 (t = -1.1759, p = 0.1390; —4.25 / —7.87%)
FBE3: 52.00 — 47.44 (t = -1.0849, p = 0.1313; -3.73 / —7.17%)
Fatigue—Inertia (S):

FBE1: 52.78 — 42.88 (t = -2.0192, p = 0.0391; —9.89 / —18.74%)
FBE2: 51.75 — 46.50 (t = -1.5072, p = 0.0877; —5.25 / —10.14%)
FBE3: 55.78 — 44.44 (t = -2.2257, p = 0.0154; -9.27 / —16.62%)
Confusion—Bewilderment (C):

FBE1: 51.78 — 43.22 (t = -2.8339, p = 0.0110; —-8.56 / —16.52%)
FBE2: 53.38 — 406.63 (t = -3.5762, p = 0.0045; —6.75 / —12.65%)
FBE3: 52.67 — 44.00 (t = -2.1634, p = 0.0176; —7.09 / —16.46%)
Vigour—Activity (V):

FBE1: 43.44 — 53.44 (t = 4.1208, p = 0.0017; +10.00 / +23.02%)
FBE2: 50.50 — 56.88 (t = 2.1554, p = 0.0340; +6.38 / +12.62%)
FBE3: 47.11 — 57.33 (t = 5.5128, p = 0.0017; +10.22 / +21.70%)

These findings indicate that all negative mood states improved following the
intervention, with the most statistically robust and consistent changes observed
in Tension—Anxiety and Confusion—Bewilderment, alongside significant
increases in Vigour—Activity.
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Figure 6. Particular—atomistic analysis model: results for the first FB session (6a), second FB

session (6b) and third FB session (6¢). Tension—Anxiety (T), Anger—Hostility (A), Depression—
Dejection (D), Fatigue—Inertia (S), Confusion—Bewilderment (C), Vigour—Activity (V).
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3.4 Individual and environmental effects of FB activities

Research Task 4 (RT4) explored participants’ post-experience reflections,
addressing Research Hypothesis 4 (RH4), which proposed that FB may enhance
environmental awareness among cancer survivors. Selected anonymised excerpts
are presented below.

3.4.1. AP, female, 59 years old, breast carcinoma, diagnosed in 2022

“It is difficult to explain, but I am certain that the forest environment made me
feel well not only psychologically, but also physically. ... I will certainly repeat
other group experiences and individual forest bathing sessions, and I intend to
visit forests and woodland environments regularly.”

3.4.2. AS, male, 73 years old, prostate carcinoma, diagnosed in 2009

“Spending those hours immersed in nature, far from noise and, metaphorically
speaking, outside the frenetic world, together with other fellow travellers, gave
me the awareness that the illness has taken much away, but has also enriched me
with values. It showed me that it is possible to live with it and, above all, to
confront it by working inwardly.”

3.4.3. GB, female, 69 vears old, infiltrating ductal carcinoma, diagnosed in 2019

“The miracle was that when I stood beneath the trees—in this case eighty-year-
old lime trees—it seemed as though they were speaking to me. The sound of the
leaves moving, the song of the cicadas, my gaze lifting towards the green canopy
and the blue sky above—all of this moved me. A few tears flowed gently, yet 1
felt a strength and energy that instilled hope in me.”

3.4.4. 1.C, female, 72 vears old, breast carcinoma, diagnosed in 2021

“At the end of the walk, when we paused for meditation, I felt the desire to
embrace that forest, which, even if only for a short time, had made me feel well.”

3.4.5. MCC, female, 70 years old, infiltrating ductal carcinoma of the left breast,
diagnosed in 2017

“Reflecting on what I experienced during that visit to the forest, I can say that in
the days that followed my state of mind—and consequently my behaviour and
relationships—were characterised by a state of ‘grace’. A sense of calmness and
serenity enabled me to live for three or four days in tranquillity, removed from
the tensions of everyday life. The effect was so evident that it surprised me. It
would be wonderful to be able to live in this way all the time.”
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3.4.6. VC, female, 66 years old, breast carcinoma, diagnosed in 2021

“The setting allowed us to spend half a day free from mobile phones and other
devices, in an environment unpolluted even from this perspective, where it was
essential to maintain concentration, not to disturb the balance of the forest and,
above all, to respect it.”

4. Discussion

Research Hypotheses 1-3 proposed that cancer survivors would experience
systematic improvements in both negative and positive mood states following
monthly FB sessions over a three-month period. The results demonstrated
consistent reductions in Total Mood Disturbance and negative mood states,
alongside sustained increases in Vigour—Activity.

These findings underscore the importance of repeated exposure rather than one-
off interventions, in line with previous literature (Park, Song and Baek, 2023).
The particularly pronounced gains in Vigour—Activity suggest that FB may be
especially effective in enhancing vitality and perceived energy among cancer
survivors.

Research Hypothesis 4 proposed that these effects may contribute to enhanced
environmental awareness. Participants’ reflections indicate that mood
improvements were accompanied by strengthened relational bonds with forest
environments (Giusti et al., 2025), potentially supporting circular economic
processes in rural areas endowed with appropriate forest resources (Zhang et al.,
2022; Droli and Osti, 2013).

Whilst environmental sustainability in healthcare infrastructure has been widely
debated (Lenzen, 2020), built environments atre likely to be less ecologically
sustainable than forest ecosystems. In this context, the present study is among
the first in Southern Europe to investigate FB among cancer survivors whilst
simultaneously addressing environmental and social sustainability dimensions.
Such considerations align with broader European sustainability objectives,
including those articulated in the Sustainable Europe Investment Plan and the
European Green Deal (European Commission, Directorate-General for
Environment [DG Environment], 2020).

The study presents several limitations. First, no direct measurements of biogenic
volatile organic compounds were undertaken, despite their potential influence on
psychological and physiological responses (Li, 2023; Simpraga et al., 2019; Cho
et al., 2017). Although the site was selected on the basis of prior mapping
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identifying high respiratory-health potential (Regione Autonoma Friuli Venezia
Giulia [RA-FVG], 2023), in situ aerosol measurements would have strengthened
the causal interpretation of the findings.

Secondly, the reliance on self-reported mood assessments, without
accompanying physiological indicators, limits the objectivity of the findings.
Future research should therefore integrate both psychological and biological
markers.

Thirdly, the absence of a control group constrains causal inference. Given the
limitations, both non-randomised controlled trials and randomised controlled
trials are required to establish clinical effectiveness and to validate specific forest
paths as formally recognised FT pathways (FTS, 2024b).

Despite these limitations, the study contributes to a growing body of literature
exploring sustainable, nature-based supportive care interventions for cancer
survivors and provides preliminary evidence supporting the integration of forest-
based approaches within European healthcare contexts.

5. Conclusions

Cancer survivors have faced significant challenges during recent pandemics,
including disruptions to healthcare services and declines in psychological well-
being. The widespread interruption of oncology care across multiple countries
has further exacerbated these vulnerabilities.

The statistically significant pre—post differences observed in POMS scores in the
present study highlight the potential of FB as a self-care strategy capable of
complementing conventional psychological support services. Improvements in
mood states may contribute to enhanced physical functioning and a greater
capacity to manage everyday activities among cancer survivors.

Overall, the findings suggest that integrative, evidence-based, forest-based, low-
risk physical activities such as FB may constitute valuable components of
supportive care, both during active treatment and throughout rehabilitation. Such
interventions may help to maintain quality of life whilst simultaneously fostering
more positive attitudes towards forest environments. Where mood
improvements are accompanied by heightened environmental awareness and
place attachment, patients may be more inclined to adopt and promote
conservation-oriented behaviours, in alignment with Sustainable Development
Goals 3 and 15.
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Should future research confirm the clinical effectiveness of FB in improving
mood among cancer survivors, and its potential to encourage pro-environmental
and prosocial behaviours, the implications may extend beyond individual health
outcomes. Regions capable of supporting evidence-based, nature-based
interventions may be incentivised to preserve and enhance forest ecosystems as
sustainable health infrastructures, thereby advancing patient well-being whilst
generating long-term socio-economic benefits for local communities.
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