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Highlights:

What are the main findings?

e  Highly functioning adults with a sedentary lifestyle benefit physically and mentally from forest
therapy and mountain hiking.

e  Women predominantly benefited highly from mountain hiking regarding hemopoietic system
and aerobic capacity. Both genders profited mentally from contact with nature.

What is the implication of the main finding?

e  Forest therapy and mountain hiking could be safe and health-promoting interventions for
high-functioning adults with a sedentary lifestyle and could be applied in primary prevention
as well as in secondary prevention.

Abstract: Background: Lifelong physical activity is related to longer health span, which is reflected at
an individual level, and is of substantial socioeconomic relevance. Sedentary lifestyles, on the other
hand, pose an increasingly major public health problem. In addition, the COVID-19 pandemic had a
negative impact on activity levels and well-being. Previous research indicates that contact with nature
might improve exercise levels as well as well-being. Methods: This randomized, controlled clinical
trial (ANKER-study) investigated the effects of two types of nature-based therapies (forest therapy
and mountain hiking) in couples (FTG: n = 23; HG: n = 22;) with a sedentary or inactive lifestyle on
health-related quality of life, relationship quality and other psychological and physiological parame-
ters. Results: The results of this study displayed that healthy and highly functioning women and men
with sedentary lifestyles mentally benefit from contact with nature (quality of life, satisfaction with
life, mood, internal and external health-related control beliefs). The gender-specific effect on women
is most visible in the physiological outcomes (hemopoietic system, aerobic capacity, skeletal muscle
mass and hydration) of mountain hiking. Men and women showed small improvements in blood
pressure as a result of the interventions. Conclusions: The ANKER-study provides a method for valid
comparison of forest therapy interventions for the first time. Regarding the COVID-19 pandemic, the
nature-based intervention presented could offer a multimodal contribution to maintaining a more
active lifestyle, further contact with nature that affects peoples physical as well as mental health, and
an improvement in social interaction.

Keywords: nature-based therapy; health-promoting interventions; green exercise; mountain hiking;
forest therapy; sedentary lifestyle; climate therapy; health-related quality of life (HRQOL); quality of
relationship; psychological and physiological parameters; COVID-19 pandemic; ANKER-study
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1. Introduction

There is a considerable body of evidence on sustaining health benefits of being active
and a scientific consensus that physical activity—in adequate dosage—should be used
in the promotion, maintenance and recovering of physical as well as mental health [1-3].
Lifelong physical activity is associated with a longer health span and can delay, respectively,
prevent the beginning of chronic diseases [4], which is not only relevant on an individual
level, but also of significant socio-economic relevance [5].

In order to promote the enjoyment of physical activity and, thus, encourage adherence
and support a healthy lifespan for all individuals, it is important to consider different
lifestyles [1]. Particular focus should be placed on sedentary or inactive lifestyle, whereas
sedentary behavior is described as waking behavior spent in a sitting or lying position
with energy expenditure of <1.5 METs, and inactive behavior describes an insufficient
extent of moderate-to-vigorous physical activity [6]. These lifestyles pose a major public
health problem, with almost a third of the world’s population now behaving in an inactive
way [7], whereby, underlying factors are multifaceted [8]. The effects of such passive
behavior are also manifold, e.g., time spent sitting is a major risk factor for mortality and
morbidity [9]. For example, physical inactivity, together with low energy consumption
and overeating, are seen as causes of obesity, which is also associated with unemployment,
social disadvantage, and reduced socio-economic productivity and a growing economic
burden since the last 50 years [10]. Recognizing the strong link between physical activity
and the major noncommunicable diseases and their impact on global health, WHO Member
States have agreed on a 10 % relative reduction in the prevalence of insufficient physical
activity by 2025 to improve the prevention and treatment of noncommunicable diseases [11].
Nevertheless, if these current trends of inactive lifestyles continue, this mark will not be
realized [12].

Clinically relevant health benefits for a wide range of conditions could be achieved
at levels of physical activity clearly below current international recommendations (e.g.,
least 150 min of weekly moderate to vigorous physical activity) [7]. However, achieving
the minimum suggested level is reported to be associated with near-maximum longevity
benefits too [2]. Already, for adolescent populations, there is a significant association
between increased levels of physical activity and improved self-rated health [13]. In
addition, findings showed that the COVID-19 pandemic had a negative impact on activity
levels, sleep quality, and well-being in a group of physically active people [14], with changes
in work behavior with teleworking in inactive positions also contributing here [15].

Therefore, effective lifestyle interventions should take an integrated approach to health
and promote the importance of healthy lifestyles such as reducing sedentary time and
increasing physical activity, additionally promoting healthy eating as well as managing
stress [1]. Furthermore, improving social relationships should be integrated in such a
multimodal concept, as human social connections to others have a powerful impact on
health and longevity; a lack of social connections on the other hand is associated with a
risk for premature mortality [16]

Further, evidence shows that exposure to immunoregulatory microorganisms (“Old
Friends”) is essential for humans to decrease immune (re)activity and inflammation [17,18].
Following the “biodiversity hypothesis”, reduced human contact with natural environ-
mental features and biodiversity may negatively impact the human commensal microbiota
and its immunomodulatory capacity [19,20]. Insufficient contact with immune-regulating
microorganisms and biodiversity with which humans have co-evolved may result from
an urban environment with little access to natural resources [17,21]. This is supposed to
be especially the case in high urbanized countries with high incomes—and consequently
high hygiene standards, since in low-income countries, where people are still exposed to
a high degree to microbes from the environment, the immunoregulatory effect of “Old
Friends” is more pronounced [22]. Although, the evidence regarding the positive influence
of environmental microbial exposures on human health is encouraging, further research
is needed to assess the potential impact of “Old Friends,” including environmental mi-
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crobial influences, on biological characteristics and clinically meaningful prevention and
intervention outcomes for health [23].

Additionally, predominantly in high-income countries, a significant decline in physical
activity has been observed (insufficient activity in 2001: 31.6%, in 2016: 36.8%). Globally,
more than a quarter of the population has insufficient levels of physical activity. Further-
more, beyond reduced contact with nature, urbanization thus leads to lifestyle changes as
work and leisure activities shift indoors, encouraging inactive or sedentary behavior [12].
These complex problems of inactivity and lack of access to immune-regulating microorgan-
isms and biodiversity need to be given special attention in terms of disease prevention and
treatment, as urbanization is rapidly increasing worldwide: while only about one third of
the world’s population lived in urban settlements in 1970, this is expected to rise to over
60 % by 2030 [24].

A possible approach to reconnect with nature and “Old Friends” as well as to increase
physical activity, could be Green Exercise. This means exercise in nature, as it is the case in par-
ticular with mountain hiking or, in a less intensive form, with forest therapy. Mountain hiking
can be described as a long-lasting activity of moderate intensity at different altitudes [25]. This
leisure activity has become very popular [25]: every year, millions of people of all ages decide
to spend their holidays hiking in Alpine regions [26,27]. Accordingly, natural zones, including
national parks and nature reserves, are becoming areas of interests in recreational activities
and tourists increasingly [28]. The natural environment itself has an important role in moun-
tain hiking, because proximity to nature is a key factor for practicing mountain hiking [29].
However, the ideal characteristics of a natural environment for a targeted health-promoting
use are still unclear. Even anthropogenic elements such as ski lifts, fences or buildings seem to
have little influence on acute stress-related physiological responses and affective states during
mountain hiking [30]. Additionally, the altitude itself has a positive influence during hiking:
an active vacation at moderate altitude (1500-2500 m) has lasting positive effects on adult
health; it improves the quality of sleep, well-being and physical recovery [31].

Likewise, the positive effect of nature and its specific elements on human health is the
essential component of forest therapy: This approach of nature connection therapy, also
known as “forest bathing” /”Shinrin-Yoku”, is a collective term for activities designed to
improve human health or well-being in a forest environment. The crucial element of forest
therapy is recognition for the forest environment using the five human senses, which can be
combined with meditation, breathing exercises, forest walks, various recreational activities,
and cognitive behavioral therapy [32]. Additionally, results from Forest Therapies showed
that in the natural environment, participants first experienced positive emotional changes,
followed by cognitive and behavioral changes, which may also be relevant in terms of
moving away from a sedentary or passive lifestyle [33].

Forest therapy has been shown to be effective in improving immune function; a
hypothesis for this is that the forest biodiversity and microbiome has a significant impact;
more precisely, phytoncides from trees can reverse stress-induced immunosuppression
and thus, normalize immune function and neuroendocrine hormone levels [34], which
may also be of interest with respect to the COVID-19 pandemic: This hypothesis can be
complete, as—for example—proportionally fewer COVID-19 deaths in the 2020 and 2021
observation period in southern Italy and on the Italian islands are also explained by forest
bathing, Mediterranean environment, and antiviral volatile organic plant compounds [35].

Although, there are further studies on positive health effects of forests [36-38], more
research is still needed, both, conceptually and methodologically [39], where a clinically
relevant patient benefit should be prioritized [40].

The purpose of the ANKER-study (“Algund Nature and Climate Therapy: Green
Exercise vs. Nature Connection”) is to investigate long-term effects of two types of nature-
based therapies—mountain hiking vs. forest therapy—in couples with a sedentary lifestyle
on health-related quality of life (HRQOL), relationship quality and other psychological and
physiological parameters.
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2. Materials and Methods
2.1. Study Design and Settings

The present data were collected as part of the ANKER-Study (ISRCTN43292449); this
randomized, controlled clinical trial investigated the effects of two types of nature-based
therapies in couples with a sedentary lifestyle on health-related quality of life, quality
of relationship, psychological and physiological parameters. Therefore, two intervention
groups—a hiking group (HG) and a forest therapy group (FTG)—were included. The
allocation ratio was set at equal sample size. The study protocol was approved by the Ethics
Committee of Bolzano, Italy (reference number 18-2019) and can be accessed with further
details on materials and methods at https://doi.org/10.3390/ijerph19073888, accessed on
1 October 2022 [40].

2.2. Participants

Couples with a sedentary lifestyle were the defined group of interest in the ANKER-
Study, therefore, participants had to meet the following inclusion criteria: age 50-60 years,
relationship-duration > 1 year, BMI > 25 and <30, sedentary lifestyle (International Physi-
cal Activity Questionnaire Short Form (IPAQ-SF) < 3.00 METmin/week) and the ability
to participate in moderate hiking tours (Physical Activity Readiness Questionnaire/PAR-
Q). The following exclusion criteria were applied: active lifestyle, immunologically me-
diated chronic conditions or immunodeficiency, severe respiratory diseases, acute or
untreated psychiatric disorders, uncontrolled hypertension, uncontrolled metabolic dis-
ease, acute infection or fever, diagnosis of or treatment for malignant neoplastic disor-
ders within the last 5 years, arteriosclerotic event < 6 months before enrollment, car-
diac insufficiency, renal insufficiency, diagnosis or history of alcoholism, current recre-
ational drug use, currently smoking > 10 cigarettes/day, orthopedic contraindications for
hiking, medication intake > 5mg/d prednisone, colchicine, Imuran, methotrexate, azathio-
prine, cyclophosphamide or cyclosporine, intake of weight-loss drugs or preparations as
well as pregnancy. By selecting people between 50 and 60 years of age, the interventions
studied could contribute to maintaining the ability to work in this age group, as this would
be a primary preventive measure to maintain health. The participating couples were re-
cruited online via webpage (https:/ /www.klimatherapie.eu/, accessed on 1 October 2022)
and advertisement on social media channels between April 2019 and May 2021 allover
Austria and Germany. Due to limited human resources, the recruitment and, also, the
intervention periods had to be extended as described, as scientific staff performed the
extensive measurements on site. The seven-day vacation with mountain hiking and forest
therapy in South Tyrol/Italy itself was the incentive to participate.

2.3. Intervention

Participants of both intervention groups spent a seven-day vacation in Algund (Italy,
46°40'57.5" N 11°07'19.0” E, 350 m AMSL), a region that is characterized by its mild, nearly
Mediterranean climate. All participants were housed in local hotels, got the same meals,
and did not receive lifestyle recommendations during the non-intervention phase.

The HG took part in guided, moderate hiking tours every day (3—4 h), except for one
rest day in the middle of the intervention week. The nature group received daily 34 h
of standardized nature connection therapy sessions with a psychologist trained for this
purpose. Forest therapy was characterized by low physical activity and oriented on a
holistic framework that promoted meaningful connections at the three levels of “connection
with nature”, “connection with others”, and “connection with oneself”. In forest therapy,
each day had a specific theme that was worked on (mindfulness and relaxation, connection
to nature, social connections, connection to self, goal setting and next steps). After a practice
phase, the participants finished the intervention each day with a written self-reflection.
These interventions were conducted in two separate, but identical sequences: The first part
of the study population completed the ANKER-Study in October 2019, the second part in
June 2021.
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2.4. Data Collection and Outcomes

Medical examinations at T1 (day 0; before the intervention), and T2 (day 7; after the
intervention) were performed at the Department of Sports Medicine, Tappeiner Hospital,
Merano (Italy). Follow-up examinations at T3 (day 60) took place at the Paracelsus Medical
University, Salzburg (Austria); the follow-up examination at T4 (day 180) was carried out
as an online survey. More details are shown in Figure 1.
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Figure 1. Study schedule [41,42].

The ANKER study investigated the following long-term effects on T1, T2, T3 and
T4: Health-related quality of life (Short form health survey (SF12), EuroQol (EQ-5D-5L),
Quality of relationship (Partnership Questionnaire (PFB) and Problem List (PL)) as primary
outcomes. A further primary outcome—the Intercultural Quality of Life Comic will become
part of a separate paper due to its extensive results and an additional validation (throughout
the following questionnaires: Subjective impairments of the participants (Complaints list
(B-L"), BFI-10 questionnaire (10 Item Big Five Inventory) and Health-related control beliefs
(HLOC) in this context.

Secondary parameters were nature connectedness (Connectedness to Nature Scale
(CNS), Nature Relatedness Scale (NRS) and Inclusion to Nature Scale (INS)), sociopsy-
chological well-being in the sense of flourishing of personality (Flourishing Scale (FS-D),
life satisfaction (Satisfaction with Life Scale (SWLS), health-related control beliefs (FEGK),
subjective impairments of the participants Mindfulness (Mindful Attention and Awareness
Scale (MAAS). Measurements of the International Physical Activity Questionnaire Short
Form (IPAQ-SF) were collected at T1, T3 and T4 to assess a possible long-term impact of the
intervention on the subjects’ physical activity behavior. Additionally, the following physio-
logical parameters were collected on T1, T2 and T3: static balance (MFT-S3 Check), body
composition via Bio Impedance Analysis (Four-terminal impedance analyzer), differential
blood count (Forearm venous blood), fractional exhaled nitric oxide (FeNO; NioxMino®),
aerobic fitness (Chester step test) and transepithelial water loss (TEPWL, Tewameter® TM
300). Additionally, anthropometric measures (height, weight, waist and hip circumference)
were acquired. The motion profile of the heart rate monitors (watches on the wrists of the
subjects) was obtained over the time of the intervention.

The short-term effects collected as part of the ANKER-study will be presented in a
follow-up paper due to the quantity and consequent complexity of these data.
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2.5. Statistical Analysis

All statistical analyses were performed in the sense of an intention-to-treat analysis
using the R-GNU software environment (General Public License, R Foundation for Statis-
tical Computing, Vienna, Austria). Statistical significance was set at the level of « < 0.05.
Baseline data were analyzed using unpaired Students--Test or Wilcoxon-test, depending
on normal distribution.

Fully nonparametric variance type tests (ANOVA type statistics) from the nparLD
(Nonparametric Longitudinal Data Analysis) package [43] were used to evaluate long term
effects. To identify possible gender effects, F2-LD-F1 model with group and gender as
whole-plot factor and time as subplot factor (T1-T4) were defined. In case of a significant
gender effect, the female and male subgroup were analyzed separately by F1-LD-F1 models
with group, time and group*time. Otherwise, females and males were analyzed together.
Within the F1-LD-F1 model, group was defined as whole plot factor and time as sublot
factor. In case of a significant time effect, another F1-LD-F1 model was applied as post hoc
test. Relative treatment effects were used as a measure of effect: a RTE > 0.5 in the HG
indicates a tendency for participants of this group to score at least as high or higher as a
randomly chosen subject from the total population. On the other hand, a RTE of 0.25 in the
HG means that the probability of a randomly chosen participant from the total population
having a lower score than a randomly chosen person from the exercise group is estimated
to be 25%.

2.6. Randomization and Sample Size

Pairwise randomization of the couples to groups was completed according to the fol-
lowing stratification factors: Age, general health (PHQ-9), closeness to nature (NRS-6), BM],
activity level (IPAQ-SF) and relationship duration [44]. Due to the nature of the intervention,
no blinding was conducted. The sample size was estimated to be 39 persons per group using
health-related quality of life data from a previous intervention study (ISRCTN18092043) [45]
(ANOVA with fixed effects, main effects and interaction: effect size f = 0.38, type I error
o = 0.05, power 1—f3 = 0.85, number of groups = 2, degree of freedom = 2).

3. Results
3.1. Study Participants and Baseline Characteristics

Two hundred and fifty-seven individuals were screened for eligibility to partici-
pate in this study, 165 were excluded: 49 individuals did not meet the inclusion criteria,
116 individuals declined to participate due to personal reasons or the COVID-19 pandemic.

In October 2019, 24 people were enrolled in the HG and 28 in the FTG; in June
2021, 20 people were enrolled in the HG and 18 in the FTG. This time gap occurred due
to limited scientific staff resources. The four groups were pooled into one HG (n = 42)
and one FTG (n = 46) for examination. Two participants from the HG did not receive
allocated intervention (personal reasons) and two further participants were excluded from
the analysis because they did not meet inclusion criteria anymore (relationship status).
Consequently, 42 participants of the HG and 46 participants of the forest therapy group
(Figure 2) were included for the intention-to-treat-analysis.

Except for relationship duration, baseline characteristics showed no relevant differ-
ences in inclusion criteria between the study groups (Table 1). In the FTG, relationship
duration was slightly longer than in the HG (Mann—-Whitney U test, p = 0.06, W = 742). An
extended overview of all other baseline characteristics is summarized in Tables S1 and S2
in the supplementary materials.

The hiking intervention as well as the forest therapy were well tolerated by all partici-
pants. No adverse effects or harms were observed in any group.
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l A 4
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~ Excluded from analysis (n = 2; did not meet ~ Excluded from analysis (n = 0)

inclusion criteria anymore)

Figure 2. Study flowchart of included and excluded patients.

Table 1. Baseline characteristics of the study population regarding inclusion criteria.

Hiking Group (n = 42) Forest Fl;ﬂe:?l%{ Group Baseline
Mean + SD Median + IQR Mean =+ SD Median + IQR Tests
Gender male n =21 female n = 21 malen =23 female n = 23 1 x? Test
Age (years) 58.57 = 5.14 59 +7 58.89 + 5.67 609 0.67 U-Test
Duration of
curat 2257 +13.84 26+ 26 28.39 + 11.66 33 +18.25 0.06 U-Test
relationship (years)

BMI (kg/m?) 27.46 + 2.04 27.61 + 2.88 27.90 + 3.48 27.09 + 3.68 0.86 U-Test
IPAQ-ShortScore 1757 76 4 176504 1074254 18455 485312 41407825 9744360913 082 U-Test
(MET-min/week)

NRS-6 21456 215+8 2183 +4 22 +4 052  U-Test
PHQ-9 2.71 + 2.56 243 3414317 3+4 031 U-Test

BMI: Body Mass Index, IPAQ-Short: Score of International Physical Activity Questionnaire in metabolic equivalent
(MET) minutes per week, NRS-6: Nature Relatedness Scale 6, PHQ-9: Patient Health Questionnaire.

3.2. Tour Data

On average, the mountain hikes lasted 03:29 h, the participants covered a distance
of 7.36 km and 521 m of altitude. The FTG participated each day in standardized forest
therapy sessions for 3—4 h, assisted by a psychologist. The sessions were characterized by
low physical activity (Table 2). Both interventions could be carried out as planned.
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Table 2. Characteristics of the intervention program.

Mountain Hiking Forest Therapy *
Time Intervention Duratlor.l Distance (km) Altitude ** (hm) Duratlor.l Distance (km) Altitude
(hours/min) (hours/min) (m)

Day 1 1 04:07 12.6 1334 1334 03:10 - -

Day 2 2 03:06 8.0 1214 1787 03:50 - -

Day 3 3 04:01 10.0 1639 1639 03:50 - -

Day 4 Recovery Recovery

Day 5 4 03:38 9.8 1569 1569 03:45 - -

Day 6 5 02:30 4.8 1745 1745 03:20 - -
Average 03:28 9.04 1500 1615 03:35 Max. 3 Max. 100

* The values in the FTG can only be given as an average—they vary depending on the participant and individual
execution of the exercises. ** The difference in ascent and descent was caused by the use of a mountain cable car.

3.3. Primary Outcomes

Results from the F1-LD-F1 analysis of primary outcomes are accessible in Table 3.
The F2-LD-F1 model revealed no gender-specific effects for any primary outcome. Both
groups presented with high baseline levels for health-related quality of life and quality of
relationship.

The F1-LD-F1 model for the SF-12 total score revealed a significant main effect for
time (p < 0.01). Post hoc tests did not show any interaction effects at the single time points,
indicating a parallel improvement in both groups. The SF-12 Physical Component was
rated significantly higher by the HG at baseline than by the FTG (p = 0.02, W = 1240.5).
Significant main effects for group (p < 0.01) and time (p < 0.01) were observed. Post hoc test
did not show any interaction effects at the single time points. The parallel RTE-profile in
combination with the significant baseline difference indicates again a parallel improvement
in both groups. For the SF-12 Mental Component, a significant main effect for time was
found (p = 0.02), indicating a parallel development in both groups.

The F1-LD-F1 model for the EQ5D-5L visual analogue scale revealed a significant
main effect for time (p < 0.01). Post hoc test showed no interaction effects at the single
time points, thus indicating a parallel improvement in both groups. The EQ5D-5L Index
presented with a significant main effect for group (p = 0.02) and time (p < 0.01). A post hoc
test failed to reveal any interaction effects at the single time points, thus indicating together
with the RTE profile a parallel improvement in both groups until day 60. The improvement
continues in the HG, whereas the EQ-5D-5L index decreases in the FTG towards day 180.

Regarding the quality of relationship (PFB total score), both groups start with high
baseline levels (HG: 61.10 + 12.24, FTG: 59.64 + 13.13). Scores > 54 are considered as
a mostly happy relationship. The F1-LD-F1 model for the PFB Total Score revealed a
significant main effect for time (p < 0.01). Post hoc test revealed no interaction effects at the
single time points. The relatively flat RTE profiles indicate, that the quality of relationship
did not change in any group throughout the study. The F1-LD-F1 model for the subscale
happiness revealed a significant main effect for time (p < 0.01) and a trend for group*time
(p = 0.07). Post hoc test failed to identify any interaction effects. Again, the relatively flat
RTE-profile indicates, that the happiness subscale did not change throughout the study. A
significant main effect for time (p = 0.02) and for group*time (p = 0.03) was identified for the
problem list (PL). No interaction effects at the single time points were found. However, the
participants in both groups rated at all four time points only 1-2 relationship areas as > 2.
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Table 3. Results from the F1-LD-F1-model for primary outcomes.

F1-LD-F1 Model

Relative Treatment Effects (RTE)

Descriptive Statistics

Parameter F P aSL Time Hiking Forest Therapy Hiking Tl;;l;is;y
SF-12 Group 2.89 (1.00, o0) 0.09 Hiking 0.55 Forest T. 0.46 mean 3 SD mean £ SD
Total Score Time 8.07 (2.61, 0) <0.01 ** T1 0.43 Hi. xT1 0.47 FT.xT1 0.40 82.90 4 9.32 81.17 4 8.05
Group*Time ~ 0.45 (2.61, c0) 0.69 T2 0.53 Hi. x T2 0.57 FT. x T2 049  85.31+10.54 83.95 &+ 8.51
Group*T2 0.04 (1.00, o) 0.84 0.84 T3 0.54 Hi. x T3 0.60 FT.x T3 0.48 86.88 & 8.07 83.49 +8.33
Group*T3 1.07 (1.00, c0) 0.30 0.60 T4 0.51 Hi. x T4 0.56 FT.x T4 0.46 85.56 + 9.46 82.24 991
Group*T4 0.43 (1.00, o) 0.51 0.60
SF-12 Group 8.22 (1.00, o0) <0.01 ** Hiking 0.57 Forest T. 043 mean + SD mean + SD
Physical Time 12.48 (2.76, o) <001 ** T1 0.41 Hi. xT1 0.48 FT.xT1 0.34 85.89 + 8.80 81.30 +9.51
Component Group*Time ~ 0.78 (2.76, c0) 0.05 T2 0.52 Hi. x T2 0.58 FT. x T2 0.46 88.57 +9.13 85.22 +9.31
Group*T2 0.36 (1.00, ) 0.55 1.00 T3 0.55 Hi. x T3 0.61 FT.x T3 0.48 89.52 + 8.47 85.22 +10.70
Group*T3 0.02 (1.00, o) 0.89 1.00 T4 0.54 Hi. x T4 0.63 FT.x T4 0.44 90.36 + 7.52 84.13 4 10.66
Group*T4 0.91 (1.00, c0) 0.34 1.00
SF-12 Group 0.39 (1.00, o0) 0.53 Hiking 0.52 Forest T. 0.48 mean + SD mean + SD
Mental Time 3.31 (2.66, o) 0.02* T1 0.46 Hi. xT1 0.46 FT.xT1 046  80.69+1129  81.08 +10.37
Component Group*Time  0.69 (2.66, o) 0.54 T2 0.53 Hi. x T2 0.54 FT.xT2 0.51 82.89 £13.34  83.01 10.52
Group*T2 0.73 (1.00, o) 0.39 0.78 T3 0.53 Hi. x T3 0.57 FT.xT3 0.49 84.92 + 9.62 82.21 +10.14
Group*T3 2.24 (1.00, o0) 0.13 0.40 T4 0.49 Hi. x T4 0.51 FT. x T4 048  82.01+1256  80.84 +12.18
Group*T4 0.32 (1.00, o0) 0.40 0.57
EQ5D-5L Group 0.40 (1.00, c0) 0.53 Hiking 0.52 Forest T. 0.49 mean + SD mean + SD
Visual Time 11.25 (2.80, o0) <0.01 ** T1 0.43 Hi. x T1 0.45 FT.xT1 040  8214+1159  80.87 +10.92
Analogue Group*Time  0.15 (2.80, c0) 0.92 T2 0.58 Hi. x T2 0.58 FT.x T2 057  87.38+10.83 8522+ 1574
Scale (VAS) Group*T2 0.33 (1.00, o) 0.57 1.00 T3 0.52 Hi. x T3 0.54 FT.x T3 0.51 85.95 4 9.64 83.26 + 13.34
Group*T3 0.02 (1.00, o) 0.90 1.00 T4 0.48 Hi. x T4 0.50 FT. x T4 046  84.05+1231 81.74 +12.88
Group*T4 0.00 (1.00, o) 0.99 1.00
EQ5D-5L Group 5.20 (1.00, o) 0.02 * Hiking 0.56 Forest T. 0.45 mean 3 SD mean £ SD
Index Time 10.19 (2.78, 0) <0.01 ** T1 0.44 Hi. xT1 0.48 FT.xT1 0.39 0.90 £0.14 0.90 £ 0.07
Group*Time ~ 0.88 (2.78, c0) 0.45 T2 047 Hi. x T2 0.52 FT.x T2 0.42 0.93 £ 0.07 0.90 £ 0.08
Group*T2 0.01 (1.00, o) 0.92 1.00 T3 0.57 Hi. x T3 0.62 FT.x T3 0.52 0.94 £ 0.07 0.93 +0.06
Group*T3 0.06 (1.00, o) 0.81 1.00 T4 0.53 Hi. x T4 0.61 FT.x T4 0.45 0.95 £ 0.06 0.90 +0.09
Group*T4 1.80 (1.00, c0) 0.18 1.00
Partnership Group 0.26 (1.00, c0) 0.61 Hiking 0.52 Forest T. 0.49 mean =+ SD mean + SD
Questionnaire Time 5.71 (2.65, o) <0.01 ** T1 0.50 Hi. xT1 0.51 FT.xT1 048  61.10+1224  59.64+13.13
Total Score Group*Time  0.15 (2.65, c0) 091 T2 0.53 Hi. x T2 0.54 FT. x T2 0.51 62.64 +14.06  60.62 & 13.62
Group*T2 0.00 (1.00, o) 0.99 1.00 T3 0.52 Hi. x T3 0.53 FT.xT3 0.51 6231 £13.29  60.48 £ 13.51
Group*T3 0.01 (1.00, o) 091 1.00 T4 0.46 Hi. x T4 0.48 FT.x T4 044  60.02+£15.16  57.02 & 14.91
Group*T4 0.13 (1.00, o) 0.72 1.00
Partnership Group 0.52 (1.00, o) 0.47 Hiking 0.48 Forest T. 0.52 mean + SD mean + SD
Questionnaire Time 5.69 (2.55, ) <0.01 ** T1 0.52 Hi. x T1 0.49 FT.xT1 0.55 3.93 £0.95 4.14 £ 0.86
Happiness Group*Time 251 (2.55, c0) 0.07 T2 0.52 Hi. x T2 0.51 FT.xT2 0.53 4.05+0.73 4.03 £0.99
Group*T2 1.17 (1.00, c0) 0.28 0.84 T3 0.52 Hi. x T3 0.47 FT.x T3 0.57 3.81+£1.11 4.20 £0.83
Group*T3 0.63 (1.00, o) 0.43 0.85 T4 0.44 Hi. x T4 0.45 FT. x T4 0.42 3.74+£1.15 3.67 £1.08
Group*T4 2.33 (1.00, o) 0.13 0.85
Problem List Group 0.11 (1.00, o) 0.74 Hiking 0.49 Forest T. 0.51 mean 4 SD mean =+ SD
Time 3.43 (2.72, o) 0.02* T1 0.52 Hi. x T1 0.51 FT.xT1 0.53 0.81+1.45 1.04 £ 2.01
Group*Time ~ 3.12 (2.72, c0) 0.03* T2 0.49 Hi. x T2 0.47 FT.x T2 0.51 0.50 £ 1.02 074 +1.34
Group*T2 0.30 (1.00, o) 0.58 1.00 T3 047 Hi. x T3 0.43 FT.x T3 0.50 0.38 £1.08 091 +£2.29
Group*T3 0.34 (1.00, o) 0.34 1.00 T4 0.53 Hi. x T4 0.56 FT. x T4 0.49 1.40 + 247 0.78 +1.65
Group*T4 3.09 (1.00, o) 0.08 1.00

F1-LD-F1 model with group (forest therapy or hiking), time and the interaction of group and time (group*time);
T1 = day 0/baseline, T2 = day 7/after intervention week, T3 = day 60/follow-up 1, T4 = day 180/follow-up 2;
** <0.01, * <0.05, n. s./not significant >0.05; Results for the Partnership Questionnaire Subscales dispute behavior,
tenderness and commonality /communication can be found in Table S5 in the supplemental materials. Abbrevia-
tions: adj. p: Holm-Bonferroni corrected p-value, EQ-5D-5L: Euro Quality of Life Questionnaire (Index variable
and Visual analogue scale), F: F-Value, FT.: forest therapy group, Hi.: hiking group, p: p-value, RTE: Relative
Treatment Effects, SD: standard deviation, SF-12: Short Form Health Survey.

3.4. Differential Blood Count

Table 4 shows the results from the F1-LD-F1 analysis for the values of differential blood
count, vital parameters and skin quality. The F2-LD-F1 model identified gender-specific
effects for erythrocytes (p < 0.01) and hematocrit (p < 0.01).

The F1-LD-F1 model for erythrocytes identified a significant main effect for time (p < 0.01)
and group*time (p < 0.01) in the female subgroup. Post hoc test indicates a significant decrease
in erythrocytes in the female HG towards day 7 (p = 0.04) with a return to baseline at day 60
(p = 0.08). Within the male subgroup, only a significant main effect for time (p < 0.01) was
found. Post hoc test did not show any interaction effects. However, the RTE-profile also
indicates a decrease in erythrocytes in the male HG.
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Table 4. Results from the F1-LD-F1-model for differential blood count and aerobic capacity.

F1-LD-F1 Model

Relative Treatment Effects (RTE)

Descriptive Statistics

Parameter F P a;d,]. Time Hiking Forest Therapy Hiking Tl;;l;is;y

Female Group 0.26 (1.00, o) 0.61 Hiking 0.52 Forest T. 0.48 mean £ SD mean £ SD
erythrocytes Time 7.62 (1.83, ) <0.01 ** T1 0.54 Hi. xT1 0.56 FT.xT1 0.52 4.67 +0.36 4.61 +0.27
(10% uL) Group*Time 7.37 (1.83, ) <0.01 ** T2 0.44 Hi. x T2 0.40 FT.xT2 0.47 448 +0.31 4.56 +0.35
Group*T2 5.45 (1.00, co) 0.02 * 0.04 * T3 0.52 Hi. x T3 0.60 FT.xT3 0.45 4.74 4+ 0.41 452 +0.28

Group*T3 3.07 (1.00, o) 0.08 0.08
Male Group 1.85 (1.00, c0) 0.17 Hiking 0.45 Forest T. 0.55 mean 4 SD mean + SD
erythrocytes Time 7.50 (1.74, o) <0.01 ** T1 0.56 Hi. x T1 0.52 FT.xT1 0.60 4.88 £0.29 4.99 £+ 0.40
(10% uL) Group*Time 1.01 (1.74, o0) 0.36 T2 0.44 Hi. x T2 0.36 FT.x T2 0.52 470 £0.28 4.87 £0.33
Group*T2 2.58 (1.00, c0) 0.11 0.22 T3 0.49 Hi. x T3 0.45 FT.xT3 0.53 4.82+0.28 491 +0.39

Group*T3 0.01 (1.00, o) 0.92 0.92
Female Group 0.24 (1.00, o0) 0.97 Hiking 0.50 Forest T. 0.50 mean + SD mean + SD
hematocrit Time 9.92 (1.89, c0) <0.01 ** T1 0.52 Hi. x T1 0.53 FT.xT1 0.51 42.01 £2.73 41.87 +2.08
(g/dL) Group*Time 3.67 (1.89, o) 0.03 * T2 0.42 Hi. x T2 0.38 FT.x T2 0.47 40.57 +2.80 41.46 £+ 2.68
Group*T2 4.03 (1.00, co) 0.04 * 0.09 T3 0.56 Hi. x T3 0.60 FT.xT3 0.52 42.74 +3.05 41.83 +2.19

Group*T3 0.66 (1.00, o) 0.42 0.42
Male Group 5.23 (1.00, c0) 0.02* Hiking 0.41 Forest T. 0.58 mean + SD mean + SD
hematocrit Time 9.23 (1.72, o) <0.01 ** T1 0.53 Hi. x T1 0.46 FT.x T1 0.60 44.60 +2.21 45.62 +3.15
(g/dL) Group*Time 1.18 (1.72, o0) 0.30 T2 0.42 Hi. x T2 0.30 FT.x T2 0.53 43.10 +2.15 44.87 +2.53
Group*T2 3.11 (1.00, o) 0.08 0.16 T3 0.54 Hi. x T3 0.47 FT.xT3 0.61 4475 +2.34 45.78 +2.99

Group*T3 0.02 (1.00, o) 0.90 0.90
Reticulocytes Group 0.07 (1.00, o0) 0.79 Hiking 0.49 Forest T. 0.51 mean + SD mean + SD
(%) Time 24.78 (1.98, o) <0.01 ** T1 0.46 Hi. x T1 0.47 FT.xT1 0.46 1.51 +£0.38 1.50 +0.35
Group*Time 0.65 (1.98, ) 0.52 T2 0.61 Hi. x T2 0.60 FT.x T2 0.61 1.71 £ 041 1.72 £ 048
Group*T2 0.23 (1.00, ) 0.63 0.63 T3 0.43 Hi. x T3 0.41 FT.xT3 0.45 142 +0.38 1.49 £0.36

Group*T3 0.18 (1.00, o0) 0.28 0.56
Immature Group 3.37 (1.00, o0) 0.07 Hiking 0.54 Forest T. 0.46 mean + SD mean + SD
reticulocyte Time 73.35 (1.98, o) <0.01 ** T1 0.47 Hi. x T1 0.49 FT.xT1 0.44 10.74 £ 4.10 9.98 £ 3.69
fraction (IRF)  Group*Time 2.99 (1.98, c0) 0.05 T2 0.67 Hi. x T2 0.74 FT.x T2 0.59 14.64 +4.42 12.31 £ 491
(%) Group*T2 4.35 (1.00, c0) 0.04 * 0.07 T3 0.44 Hi. x T3 0.39 FT.xT3 0.35 9.06 + 3.00 8.81 4+ 3.41

Group*T3 0.95 (1.00, o) 0.95 0.95
Leukocytes Group 0.21 (1.00, o) 0.65 Hiking 0.51 Forest T. 0.49 mean £ SD mean £ SD
(10° uL) Time 14.76 (1.94, o0) <0.01* T1 0.53 Hi. x T1 0.54 FT.xT1 0.53 6.96 + 1.47 710+ 1.81
Group*Time 0.47 (1.94, c0) 0.62 T2 0.43 Hi. x T2 0.44 FT.x T2 0.41 6.43 +1.39 6.54 +1.93
Group*T2 0.22 (1.00, o) 0.64 0.64 T3 0.54 Hi. x T3 0.56 FT.x T3 0.52 717 £1.76 6.89 + 1.57

Group*T3 1.27 (1.00, o0) 0.26 0.52
Female Group 0.41 (1.00, o) 0.52 Hiking 0.53 Forest T. 047 mean + SD mean + SD
aerobic Time 4.94 (1.94, o) 0.01* T1 0.46 Hi. xT1 0.42 FT.xT1 0.49 29.71 £ 3.73 30.31 & 5.60
capacity Group*Time 4.68 (1.94, o) 0.01 * T2 0.59 Hi. x T2 0.70 FT.x T2 0.48 33.56 +4.18 30.19 +£5.29
(mlO;/kg/min)  Group*T2 7.95 (1.00, o) <0.01*  0.01* T3 0.46 Hi. x T3 0.53 FT.x T3 0.45 30.90 + 3.87 29.60 + 5.96

Group*T3 1.11 (1.00, c0) 0.29 0.29
Male Group 0.87 (1.00, c0) 0.35 Hiking 0.46 Forest T. 0.54 mean =+ SD mean + SD
aerobic Time 3.49 (1.72, ) 0.04* T1 0.42 Hi. x T1 0.43 FT.xT1 0.42 31.07 £4.73 31.13 + 6.04
capacity Group*Time 0.88 (1.72, ) 0.40 T2 0.58 Hi. x T2 0.52 FT.x T2 0.65 3321 +£6.17 34.86 4 4.85
(mlO; /kg/min)  Group*T2 0.96 (1.00, o) 0.33 0.38 T3 0.48 Hi. x T3 042 FT.x T3 0.54 30.90 + 3.87 32.39 + 6.97

Group*T3 1.72 (1.00, o0) 0.19 0.38

F1-LD-F1 model with time and treatment (forest therapy or hiking) and the interaction of treatment and time
(treat_ time); Measuring times: T1 = day 0 baseline measurement, T2 = day 7 after intervention, T3 = day 60
follow-up, T4 = day 180 follow-up; ** <0.01, * <0.05, n. s./not significant >0.05; Abbreviations: adj. p: Holm-
Bonferroni corrected p-value, F: F-Value, FT.: forest therapy group, Hi.: hiking group, p: p-value, RTE: Relative
Treatment Effects, SD: standard deviation.

Within the female subgroup, a significant main effect for time (p < 0.01) and group*time
(p = 0.03) was identified for hematocrit. The male subgroup presents with a significant main
effect for group (p = 0.02) and time (p < 0.01). Post hoc test and RTE profile indicate a decrease
in hematocrit for both sexes in the HG towards day 7 with a return to baseline at day 60.

In contrast, the F1-LD-F1 model for reticulocytes showed an opposite dynamic. A main
effect for time (p < 0.01) indicated an increase towards day 7 and a return to baseline at day 60
in both groups. However, the immature reticulocyte fraction (IRF) presented with a significant
main effect for time (p < 0.01) and group*time (p = 0.05). Post hoc test and RTE profile indicated
an increase in the HG towards day 7 (p = 0.07) and a return to baseline at day 60.

Statistical analysis of the white blood cell count revealed a significant main effect for
time (p < 0.01), indicating anti-inflammatory effects of both interventions. Post hoc test did
not show any interaction effects at the single time points.
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3.5. Aerobic Capacity, Balance, Vital Parameters and Skin Quality

Table 4 displays the results from the F1-LD-F1 analysis for aerobic capacity. Although
no gender-specific effects were identified for aerobic capacity by F2-LD-F1 model, females
and males were analyzed separately as aerobic capacity depends on gender.

F1-LD-F1 model for aerobic capacity in the female subgroup revealed a significant
main effect for time (p = 0.04) and group*time (p = 0.03). Post hoc test found a significant
interaction effect at day 7 (p < 0.01) indicating an improvement in the HG. Within the male
subgroup, a significant main effect for time (p = 0.04) was found. Post hoc test failed to
show any interaction effects at the single time points. However, the RTE profile indicates an
improvement in aerobic capacity in the male FTG. a graphical representation, see Figure 3.

Aerobic Capacity Females Aerobic Capacity Male

40

T 35 1
o=
£ [
;:iv a0
E
251 — -
-& Forest Therapy -8 Forest Therapy
-® Mountain Hiking - Mountain Hiking
20
20 40 80 0 20 40 80
time (days) time (days)

Figure 3. Mean =+ standard deviation of aerobic capacity for the female and male subgroups on days
0, 7 and 60 (forest therapy vs. mountain hiking).

Participants in both groups already reach around 77% in the S3-Check Stability index
at the beginning of the study. A significant main effect for time (p < 0.01) indicates an
improvement in both groups. However, the improvement is in the HG (T2-T1: 1.16%) and
FTG (T2-T1: 2.63%) rather small. In contrast, the sensorimotor index did not show any
significant changes.

F1-LD-F1 models for blood pressure found similar effects for systolic and diastolic
blood pressure. A significant main effect for time (p < 0.01) indicates a decrease in systolic
blood pressure in both groups (HG T1-T2: 7.78 mmHg, FTG T1-T2: 6.15 mmHg). Diastolic
blood pressure presented also with a significant main effect for time (p = 0.02), indicating
an improvement (HG T1-T2: 3.75 mmHg, FIG: T1-T2: 1.98 mmHg). F1-LD-F1 models
for pulse and SpO, revealed significant main effects for time (p < 0.01), but post hoc tests
failed to show interaction effects at the single time points. No significant group-, time- or
interaction effects for skin parameters (skin hydration and transepithelial water loss) were
observed. In Table S3, the results of the F1-LD-F1 analysis of balance, vital parameters and
skin quality can be found.

3.6. Body Composition

Results from the F1-LD-F1 analysis of Body Parameters are presented in Table S4.
F2-LD-F1 models revealed significant gender-specific effects for resistance (p < 0.01), reac-
tance (p < 0.01), phase angle (p < 0.01), weight (p < 0.01), fat mass index (p < 0.01), fat free
mass index (p < 0.01), skeletal muscle mass index (p < 0.01), body cell mass index (p < 0.01)
and hydration (p < 0.01).
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F1-LD-F1 model for body mass index revealed a significant main effect for time
(p <0.01) and group*time (p = 0.05). Post hoc test did not show any interaction effects.
Although a significant time effect was found, the changes in BMI are rather small and lack
any clinical relevance. Additionally, body weight presents in both sexes with a significant
main effect for time (female p = 0.04, male p < 0.01) but lacking any clinical relevance.

F1-LD-F1 model for reactance revealed a significant main effect for time (p < 0.01) and
group*time (p = 0.01) in the female subgroup. The male subgroup presented only with a
main effect for time (p < 0.01). F1-LD-F1 models for resistance found for both subgroups a
significant main effect for time (female p = 0.01, male p = 0.05). No significant effects were
found for phase angle in any group.

Within the female subgroup, the Fat Free Mass Index presented with a significant
main effect for time (p < 0.01) and group*time (p = 0.03), indicating an increase in fat free
mass in the HG. Furthermore, the Skeletal Muscles Index revealed also a significant main
effect for time (p < 0.01) and group*time (p = 0.01) in the female subgroup, indicating an
increase in skeletal muscle mass in the HG. The F1-LD-F1 model for hydration presented
with a significant main effect for time (p = 0.02), indicating an increase in hydration in the
HG. No effects were found for fat mass index.

Within the male subgroup, significant main effects for time were found for Fat Free
Mass Index (p < 0.01) and Skeletal Muscles Index (p < 0.01). No effects were found for
hydration and fat mass index.

3.7. Questionnaires

F2-LD-F1 models revealed gender-specific effects for the connectedness to nature
scale (CNS, p = 0.01) and flourishing scale (FS-D, p = 0.04). For all these questionnaires, it
should be noted that the participants already had high scores initially and consequently,
the changes in the scores were minor.

Nature connectedness increased in both intervention groups as significant main effects
for time were found for the CNS, INS and NRS-6. F1-LD-F1 model for MAAS Total revealed
only a significant main effect for time (p < 0.01), indicating a parallel improvement in both
groups. Internal health-related control beliefs (FEGK internal) revealed a significant main
effect for group (p = 0.01) and time (p = 0.02). Post hoc test did not find any interaction
effects at the single time points. External health-related control beliefs (FEGK external)
presented with a main effect for time (p = 0.01). Within the female subgroup, the flourishing
scale revealed a significant main effect for time (p = 0.01) indicating together with the
RTE-profile a personal flourishing in the HG. No significant effects were found for the male
subgroup. F1-LD-F1 models for the IPAQ-SF revealed significant main effects for time,
indicating a parallel development in both groups. The physical activity increased in both
groups slightly throughout the study. For further details, all questionnaire data can be
found in Table S5.

3.8. Sample Size Simulation

Consistent with the bootstrap sample size simulation for the primary outcome SF12 Total
Score, a sample size of at least n = 50 per group is needed to achieve a power of 1—f3 = 0.87 in
the case nparLD analysis for the comparison of the two interventions, mountain hiking and
forest therapy. A larger sample size is required for analysis using ANOVA —at least n = 80
per group is required to achieve a power of 1—f3 = 0.87 (see Figure 4). The gender-specific
comparison between the Mountain HG and the FTG in terms of aerobic capacity reveals
the following results: Females require at least an n of 70 (1— = 0.85) in a nparLD analysis,
whereas males require an n of at least 80 (1—f3 = 0.89). With respect to an ANOVA analysis,
women (1—f = 0.89), similarly to men (1—f = 0.91), need an n of at least 80.
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Figure 4. Sample size simulation based on data of the ANKER-Study. Upper graphic shows the
comparison of the two intervention groups (forest therapy vs. mountain hiking) for primary outcome
SF12 Total Score. The graphs below present gender-specific analyses of aerobic capacity for woman
and men. Sample size simulation was performed for nparLD and ANOVA.

4. Discussion

The ANKER-Study was conducted before and during the COVID-19 pandemic and
investigated the effects of two different types of nature-based therapies in couples with a
sedentary lifestyle. Effects of mountain hiking and forest therapy on health-related quality
of life, relationship quality, and other psychological and physiological parameters were
investigated. The COVID-19 theme was taken up in this paper, as this pandemic influenced
not only organizational aspects, but it also changed the perspective towards gender-specific
implications, as the impact of this pandemic is esteemed meaningfully higher for women
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than for men. Women, especially working women, are disproportionately responsible for
most domestic tasks, including care for children and elderly [46,47].

Current research on COVID-19 and human-nature relationships, indicates that women
are more likely to attribute higher values to nature and recreation than men [46]. This
different rating could be explained by gender roles—women attribute higher personal
relevance to mental wellbeing and communicate mental health issues more openly [46,48].
In contrast, our results showed that both sexes benefit mentally from contact with nature in
terms of quality of life (SF-12, EQ5D-5L), mood, satisfaction with life as well as internal
and external health-related control beliefs. Gender-specific results were only found for the
flourishing scale (FS-D). Personal flourishing improves predominately in the female HG.
No changes were found for the male subgroup. However, no significant differences were
found between the HG and FTG for any of these parameters, indicating that being outdoors
in natural environments is the driving force behind the improvements of mental indicators.
The subjects’ relationship quality proved to be a stable construct, improving only slightly
after the intervention, but without clinical relevance. However, it should be noted here that
there is a ceiling effect among the cohort. Given, that the COVID-19 pandemic can also
have an impact on the quality of couple’s romantic relationships [49], these interventions
presented in the ANKER-study can be considered a stabilizing element. It would be of
research interest how this could further improve relationship quality, particularly of couples
with previously low relationship quality.

The results with regard to physiological parameters, on the other hand, were differ-
ent regarding gender: Since both interventions took place in altitudes of ~1500 m, their
hematopoietic system was stimulated; as this exposed the subjects to the interactions be-
tween low barometric pressure and partial-pressure of O; to an incipient adaptation and
acclimatization processes of altitude [50]. However, this effect was even stronger in the HG.
Here, the activation of the hemopoietic system became especially clear in women of the
HG. In combination with the increase in reticulocytes, it became apparent how mountain
hiking led to an improved exchange of old red blood cells. Additionally, when fat-free
mass was considered separately in men and women, a differentiated picture emerged:
Again, the HG benefited more from the intervention, women again more significantly than
men. This was also reflected in the increase in aerobic capacity, skeletal muscle mass and
hydration, mainly in the HG. Thus, it can be assumed that women predominantly benefit
physiologically more from this kind of green exercise intervention.

Vital signs were kept as physiological control parameters in this study, whereby
a very positive trend was observed for blood pressure in both gender groups: In our
study, persons with sedentary lifestyle initially showed a slightly elevated blood pressure
(HG: 135.40 £ 19.07/83.38 + 10.20 bpm, FTG:132.30 + 16.80/82.83 & 10.66 bpm), which
already approached the recommended range immediately after the one-week intervention
(HG: 130.74 +13.36/81.90 £ 8.01bpm, FTG:129.80 + 16.27/81.50 £ 9.63bpm), so a clinically
relevant change can be assumed. Gatterer et al. stated that in elderly persons with hyper-
tension, moderate intensity hiking only at weekends may reduce systolic blood pressure;
otherwise, it did not improve cardiovascular risk factors in healthy older people. They
did not find gender-specific differences [51]. Similarly, Neumayer et al. found significant
reductions in systolic, diastolic and mean arterial pressure in male patients with metabolic
syndrome, as well as circadian heart rate profiles, after a three-week holiday program
with 12 hikes at moderate altitude (at 1700 m) or low altitude (200 m) [52]. In contrast,
it was observed by Stoltzfus et al. that during prolonged exposure to moderate altitude
(1980-3960 m), there is an increase in adult participants’ mean blood pressure during a
10-day hiking intervention, especially in women. Therefore, to increase the safety of moun-
taineers from cardiac events, mountain hiking has been recommended for individuals with
a modestly controlled blood pressure until 160/95 mmHg [53]. In our subjects, the blood
pressure range was controlled and maintained to ensure the safety of the subjects. Due to
the moderate altitude, it can be assumed by the results that hiking, as it was performed in
this study, is a safe intervention for the selected population. Additionally, forest therapy is
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particularly interesting in this context: In cases, safe mountain hiking is not advisable due
to internal or coordinative conditions or restricted mobility (altitude, physical resilience,
risk of falling), this nature-based intervention also has the potential to improve health
and well-being. What is more, our results showed that stability was increased in both
intervention groups in men and women, which in turn may be an additional benefit for
people with poor mobility. Nevertheless, the safety of individuals and protection from
injury must always be paramount.

Forest therapy in the ANKER-study was professionally guided by a specialized psy-
chologist. Findings exhibited that guided forest therapy programs promote positive emo-
tional changes and social bonding through interaction with others [54]. Which, in terms of
a multimodal intervention, may be beneficial for individuals with sedentary lifestyles to
maintain or move toward a more active lifestyle. Furthermore, this is also highly relevant
with regard to COVID-19 because social isolation can have a significant contribution to com-
promising people’s health and well-being [55,56]. Especially these nature-based therapies,
which are performed outdoors with distance, can also be a safe alternative to indoor group
activities to promote social interaction as well. On the other hand, self-guided forest therapy
is attributed to provide a better opportunity for self-reflection. In this regard, a variation of
forest therapy would be recommended, with intermittent inputs by professional guidance
and periods of self-guided activity in between, in order to obtain the best realizable effects,
and to support an active lifestyle that lasts as long as possible [54]. A combination of
guided exercises and “solo exercises” was also repeatedly applied in the FTG of the present
study: In these sessions, the guide gave a very short input at the beginning, afterwards
participants had the possibility to get into self-experience (e.g., “Medicine Walk”, “Sit-spot”,
“Communication with a tree”, etc.) for a period of time (about 20-40 min).

Moreover, there are also differences in the gender-specific influence of COVID-19:
Amplified risk for developing mental health problems for women during the pandemic
is experienced with pregnancy or intimate partner violence [47]. In contrast, during
the confinement in the COVID-19 pandemic it affected mainly very active men as well
as young people and students that the daily physical activity decreased, and sedentary
time increased [57]. Moreover, several studies have highlighted the gender differences in
prevalence and comorbidity profiles between men and women infected with COVID-19.
In summary, men demonstrated a higher prevalence of pulmonary and cardiovascular
disorders, while women had a higher prevalence of obesity and renal conditions [58].
In addition to biological factors, gender differences in behavior and lifestyle may also
contribute [59]. Roviello and Roviello [35] generated the hypothesis that forest therapy
may also be prophylactic against COVID-19: Their modeling showed that plant organic
compounds, such as those found in a forest, could bind and disturb the complex that
the receptor binding domain of the coronavirus spike protein forms with the human cell
receptor. Based on this reasoning, forest therapy and also mountain hiking could also be
preventive to improve physical and mental health, which in turn could have also an impact
on the comorbidity and consequently mortality of COVID-19 infections. This could be the
subject of further research.

During the COVID-19 pandemic, concerned women, older persons, college-educated
respondents, and white-collar workers noted the greatest use of the forest as a recreation
site. Nonetheless, women and people with elementary education expressed the most fears
related to visiting the forest. In contrast, men and people who lived in rural areas and
small towns, as well as respondents who performed activities related to the forest, were
most involved in exploring and working in the forest and [60]. Other findings also suggest
that nature can be an important resource for people in times of crisis, but that the specific
interactions and associated values that individuals feel are the most important may vary
among population groups [46]. Evidence shows that forest therapy programs can promote
the health of middle-aged women, prevent disease, and improve quality of life. Health
is especially critical for women of this age, who are exposed to more stress than at other
stages of life, thereby affecting quality of life in old age [61]. In postmenopausal women, on
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the other hand, forest therapy can be a good alternative to non-pharmacological treatment
to alleviate related insomnia [62]. Additionally, even in young women, a walk in a forest
could lead to physiological and psychological relaxation effects [63]. These results indicate
that women particularly benefit from the health-promoting effects of forest therapy or
conscious stays in forests. In this regard, it is also important to consider gender-specific
interventions that both genders may perceive the forest and nature as a health resource in
daily living as well as during a crisis.

Strengths and Limitations

To enhance the methodological quality and evidence, while decreasing the risk of bias,
as required in reviews on the topic of forest therapy [36,38,64], this study was not only well-
designed and planned according to the SPIRIT statement [65], but additionally, enabled a
comparability of interventions and results for further studies: Thus, a survey form for the
forest profile was created to make forest therapy classifiable regarding characteristics of
the forest and thus more comparable (https://doi.org/10.3390/ijerph19073888 access on
1 October 2022). In this context, it would be of interest to know what influence the forest
characteristics themselves have on the results, here further research and comparisons with
other forests are needed. The ANKER-study was conducted in a small forest area, with
mixed, medium old and rather high stock of trees in a quiet environment [40].

Nature relatedness in the ANKER-Study was assessed via three questionnaires (Con-
nectedness to Nature Scale, Inclusion to Nature Scale and Nature Relatedness Scale). The
results indicated that connectedness to nature is a stable personality characteristic, as the
scores changed only slightly, even though significance occurred over time, i.e., low clinical
significance can be expected. Furthermore, it could be assumed that there was a selection
bias in the present study population, because especially persons with a high affinity to
nature would volunteer to participate in such a study design, which is also reflected in the
high, stable values of these three questionnaires.

As the bootstrap sample size simulation based on the results of the ANKER study
shows, a sample size of n > 80 persons is recommended in order to similarly match the
psychological and physiological parameters of nature-based interventions. Although, in
this study only about half of the recommended subjects participated, significant results
could be obtained already, therefore higher case numbers are likely to generate even clearer
and clinically more relevant results. Additionally, further research specific to women with
regard to mountain hiking and also forest therapy should be conducted to further elucidate
the effects of these interventions on female gender and to ascertain their backgrounds, e.g.,
fears related to visiting the forest [60]. Furthermore, to verify the validity of the results
presented, a control group would be needed to exclude other confounding factors, this is
recommended for further studies.

Buckley and Brough [66] pointed out that there is ample evidence that nature expe-
riences and activities can prevent, delay, or ameliorate the mental health components of
chronic illnesses. Nevertheless, to make nature therapies more practical and, also impor-
tantly, prescribable, dose—duration—effect relationships are lacking. With the ANKER-study,
long-term effects of forest therapy and mountain hiking for sedentary, healthy and highly
functioning persons can be offered now. Equally, this is also valid for the physiological
parameters of this study. Consequently, further research on individuals with pre-existing
mental or physiological health conditions regarding these interventions is recommended,
again for a working-adult population, in order to consider the possible socio-economic
effects accordingly. Specific diagnostic tests, questionnaires and observations need to
be developed within this framework to adapt and prescribe these two types of Nature
Connection Therapies for individual patients as well [67].
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5. Conclusions

The ANKER-study, with its forest classification survey, provides for the first time a
method for a more valid comparison of forest therapy interventions. The long-term results
of this study showed that healthy, highly functioning women and men with sedentary
lifestyles benefit mentally from contact with nature. The gender-specific effect of mountain
hiking on women is most visible in physiological parameters. Further research should in-
vestigate forest therapy as a health-promoting intervention for individuals with immobility
or internal diseases. Advanced gender-specific research, especially with regard to these
interventions on women, is also recommended. Regarding the COVID-19 pandemic, the
nature-based intervention presented could offer a multimodal contribution to maintaining
or creating a more active lifestyle, further contact with nature that affects people’s physical
as well as mental health, and an improvement in social interaction. Overall, focus should
be on high quality research to make these types of nature-based therapies more applicable
and prescribable for a working-adult population.
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