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Reassessing green exercise
research: unveiling
methodological gaps and
pathways for progress
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Exercise and Sports, University of Copenhagen, Copenhagen, Denmark
The present review critically assesses the nexus between physical activity, nature
exposure and health benefits by analysing environmental measures in green
exercise research. A Cochrane-inspired review of systematic studies exposes
methodological gaps, emphasising the scarcity of long-term research and the
lack of rigorous designed studies. It calls for more robust, varied research
designs and improved environmental metrics. The findings advocate for
longitudinal research to better comprehend the mental and physical health
benefits of exposure to nature. Embracing an ecological-dynamic perspective
is recommended to advance our understanding of the intricate connections
between activity, environment, and well-being.
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1 Introduction

Currently, 55% of the global population resides in urban areas, which is projected to

increase to 68% by 2050. The growing trend of urbanisation poses significant public health

challenges, including environmental degradation, insufficient infrastructure, scarce green

spaces, pervasive air pollution, and a dearth of areas designated for physical activity

(PA) (1). Furthermore, the expansion and densification of cities are expected to reduce

both the availability and quality of green spaces per capita, which could negatively

impact the restorative potential of these areas (2).

However, the health benefits of green spaces in urban environments, such as reduced risk of

noncommunicable diseases, have been well-documented (1), and the World Health

Organization’s “Global Action Plan for Physical Activity 2018–2030” highlights the crucial

role of accessible green spaces in fostering environments that support PA (3). Green spaces

also offer co-benefits in the context of climate change adaptation, contributing to heat stress

reduction and improvedwater retentionwhile simultaneously promotingmental well-being (2).

Engaging in PA exerts a plethora of physical and psychological benefits, such as

reduced risk of chronic cardiovascular and musculoskeletal diseases, hypertension,

diabetes, osteoporosis, fractures, and certain types of cancer (4), as well as symptoms of

anxiety and depression (5–8). However, despite recognising sedentary lifestyles as a

global public health issue, efforts to implement effective programs and policies

promoting PA across populations have been inadequate (9).

Within such a scenario, exposure to green spaces is linked to lower depression levels

(10), higher perceived mental health, lower mortality (11), and improved affective states

(12), reduced stress and more rapid recovery from it (13, 14).
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1.1 Green exercise

Researchers (15) have advocated for the added physical and

mental health benefits of green exercise (GE) — i.e., exercising

while being immersed in nature (16). GE condenses the

psychological, physiological, and social gains obtained from PA

while acknowledging the positive impact of exposure to nature

(17). The main argument is that the benefits of PA and exposure

to nature are amplified when combined, offering synergistic health

effects (16). Accordingly, the positive impact of nature on health

and well-being can be categorised into three domains: mitigating

damage (mitigation), fostering the recovery of resources

(restoration), and enhancing capabilities (instoration) (18).
1.2 Restoration domain

Beyond the mitigation effect of nature on physical and mental

health (e.g., better air quality and heat and noise reduction (18–21),

its restorative effect has been well documented. In fact, daily

demands often deplete personal resources — physiological,

psychological, or social — but can be replenished in restorative

environments (22, 23). Stress Reduction Theory (SRT) suggests that

natural environments, unlike urban ones, elicit immediate stress

relief due to an innate positive affective response, leading to quicker

recovery (24, 25). Such responses are believed to be evolutionary

and are triggered by specific environmental features (e.g.,

vegetation, water) that signal safety and foster well-being (20, 26).

Attention Restoration Theory (ART) (24, 27, 28) proposes that

natural environments aid cognitive function by replenishing

attention. It differentiates between involuntary, effortless

attention and voluntary, directed attention, with the former
FIGURE 1

Pathways model of the benefits of natural environments on health and wel
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automatically activated by nature (27, 29). Four features foster

attention restoration, as stated by ART: fascination, being away,

extent, and compatibility (30–32).

The Perceptual Fluency Account theory advises that an easier

and more effortless visual perception of natural scenes leads to

positive evaluations, aiding cognitive restoration and stress

reduction (33–35).

Finally, the Relational Restoration Theory posits that

replenishing depleted resources involves both individual and

relational aspects, including the dynamic interaction between an

individual and the environment (36) and interactions within

dyads or groups (37).
1.3 Instoration domain

Along with other health-promoting factors like air quality,

social interaction, and stress reduction, it is proposed that

physical activity (PA) is a means through which natural

environments can enhance well-being [Figure 1 (20)]. Green

spaces have been shown to encourage an active lifestyle (38), and

GE may be particularly restorative, as it allows people to engage

with the environment to facilitate resource regeneration (39).

However, while a meta-analysis found that green spaces are

positively associated with higher physical activity levels in the

elderly (40), the overall evidence is mixed and may vary across

different population subgroups (41, 42).

Recently, the ecological dynamic perspective has been applied to

GE to examine the interdependent relationship between individuals,

their environments, and PA. This approach, grounded in Gibson’s

(43) theory of perception, emphasises behaviour emergence,

constraint interaction, and environmental affordances as crucial
l-being adapted from Hartig et al. (20).
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concepts in understanding health-related behaviours (44–46).

Within this framework, Rogerson et al. (17) proposed a two-

pathway model, suggesting that exercise not only provides access

to green spaces but that these settings can also have direct

salutogenic effects, thereby influencing PA and health outcomes.
1.4 Methodological issues in green exercise
research

GE research encounters theoretical and practical challenges.

Evidence supports GE’s benefits, yet the relationship between

exposure to natural environments and the resulting PA remains

indistinct (10). At least three different GE research approaches

can be distinguished (47): (1) investigation of the effects of

exercise in built environments compared to natural outdoor

environments; (2) comparison of outcomes of GE with those of

indoor exercise; (3) study of the effects of different visual

environments (e.g., showing participants natural or urban videos

or images) during indoor exercise. Each approach has limitations

and strengths, and comparing their results is challenging (47).

Methodological constraints relate to both components of GE: the

PA and the environment where it occurs.
1.4.1 Measuring PA
Quantifying the PA necessary for a healthy lifestyle is complex

due to behavioural variability (15). In the general population,

measuring PA levels largely relies on self-report questionnaires

despite their lack of reliability compared to objective measures

(48). Researchers commonly use the long form of the validated

International Physical Activity Questionnaire (IPAQ-LF) to

measure PA levels (49). Nevertheless, research indicates that self-

reports can overestimate vigorous PA (50). Discrepancies have

also been observed when comparing the IPAQ’s short form with

accelerometer data, suggesting an overestimation of moderate-

intense PA and an underestimation of sedentariness (51, 52).
TABLE 1 PICOTS criteria.

Population Healthy adults

Intervention PA carried out outdoors or in a natural environment

Comparator PA carried out indoors or in an urban environment or control
activities

Outcome Physical well-being and performance
Psychological health
Quality of life

Timing 15 years limit

Design Experimental studies

TABLE 2 Keywords and research strategy.

PA (exercis* OR “PA” OR “physical activities” OR “physical exercis*”
OR “exercise training” OR “green exercise”)

Environment (nature OR “natural environment*” OR outdoor OR “green space”
OR “green spaces” OR greenspace)

Outcome (health OR “mental health” OR “physical health” OR “mental well-
being” OR “physical well-being”)
1.4.2 Measuring nature exposure
A significant methodological gap in studying nature’s health

effects lies in measuring nature exposure (20). At the

epidemiological level, exposure is typically assessed through

exposure frequency and duration, the distance of green space

from the residence or its amount in the surroundings (53). The

Normal Difference Vegetation Index (NDVI) is one of the most

widely used metrics for providing data on vegetation density and

distribution (54). However, it falls short of differentiating

between vegetation types and does not convey the quality of

green spaces (18). Studies also utilise Google Street View to

estimate the green view index from street-level imagery. This

approach falls short in evaluating environmental quality and the

interaction of natural features within the activity setting (55, 56).

Thus, given the abovementioned fragmented literature, it is

paramount to summarise and understand the state-of-the-art to

clarify and suggest possible future research directions within the

study of GE-environment transactions.
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2 Review

2.1 Scope

Accordingly, this review aims to clarify methodological issues

concerning the study of the role of the physical environment in GE

research. This analysis uses a framework based on the Cochrane

methodology to overview systematic reviews (57). This approach is

well-suited for reviewing multiple systematic reviews on a shared

topic while addressing questions not initially included in the

reviews. Specifically, this overview will: (a) compare study

conditions and research approaches, following Barton et al.’s (47)

methodological classification; (b) highlight key findings by

considering comparison conditions and research designs (e.g.,

short-term and long-term effects); (c) synthesise the features of

green spaces where activities occur, detailing the type of greenspace,

objective, and subjective measures of nature exposure.
2.2 Method

An electronic literature search was conducted to identify reviews

and meta-analyses about PA and exercise interventions in the

natural environment. PICOS criteria were drafted to guide the search

(see Table 1). A search strategy was developed using keywords and

search terms retrieved from papers on the topic. PubMed and

Scopus Electronic databases were searched with keywords and search

strings organised in blocks (see Table 2). The search was limited to

systematic reviews and meta-analyses in English published in the last

15 years. Thus, a narrative synthesis of the included reviews is

outlined, as the statistical findingswere outside this review’s scope (53).
3 Results

The search revealed 1,170 references. Two more articles were

added by hand, searching as relevant to the topic. After

duplicates were removed, 1,008 references were found as
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potentially eligible. After screening the title and abstracts, 958

references were excluded for reasons. The remaining 49 articles

were full-text screened, and six reviews were retained.
3.1 Comparison conditions

The included studies employed various methods to compare GE

interventions (Table 3). Bowler et al. (58) included studies comparing

GE to indoor exercise or urban outdoor exercise. Indoor

environments were gyms and laboratories, whereas outdoor non-

green environments involved streets and residential areas. Only a few

studies compared the same activity in each environment. Thompson-

Coon et al. (59) conducted a review to compare the effects of GE vs.

indoor exercise. Indoor exercise was conducted in gyms, fitness

facilities, laboratories, and a shopping centre. Two studies involved

virtual reality as the green setting. Lahart et al. (60) conducted a

systematic review to investigate the effects of exercise performed in a

natural outdoor or virtual environment compared with indoor

exercise. Four trials lacked a non-green condition, wherein

participants engaged in indoor exercise while watching a video of the

same route being performed outdoors. Yen et al. (61) conducted a

systematic review and meta-analysis to examine the long-term
TABLE 3 Summary of the comparison condition, type of activity, and green
reviews.

Review Studies Green
conditions

Comparation
conditions

Bowler et al. (58) 25 Natural outdoor Outdoor urban environme
Indoor

Thompson Coon et al.
(59)

11 Natural outdoor Indoor

Lahart et al. (60) 28 Natural outdoor
indoor virtual natural

Indoor

Yen et al. (61) 8 Natural outdoor Urban outdoor
Indoor
Control group with no act

Wicks et al. (62) 24 Natural outdoor Urban outdoor

Marini et al. (63) 6 Urban outdoor
No activity or daily routin
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influence of PA in natural settings on quality of life. Two studies

involved PA intervention in aquatic environments. Only three trials

compared green or blue exercise with PA conducted in non-green

settings; the remaining studies involved other types of control groups

such as occupational therapy, social activities, or waitlists. Wicks et al.

(62) conducted a systematic review to compare the psychological

health effects of GE with exercise in urban environments. Marini

et al. (62) conducted a systematic review to explore the effects of

PA interventions in green and blue environments. However, four

out of six studies lacked a comparison condition.
3.2 Green exercise effects

Most of the reviews focused on the short-term effects of GE,

reflecting a lack of long-term studies (for detailed findings, see Table 4).

3.2.1 Short-term effects
Bowler et al. (58) found that GE yielded greater benefits for self-

reported emotions, particularly in reducing negative emotions such as

sadness and anger, compared to exercise in non-natural outdoor

settings. While the studies in their review examined GE’s effects on

attention, cardiovascular health, immune system functioning, and
exercise environments of the interventions included in the considered

Activities Green condition
environments

nts Walking
Running
Wilderness backpacking
Gardening
Passive-sedentary activity
mixed activities

Parks
University campuses
Nature reserve
Wildlife reserve
Wilderness
Forest
garden

Running
Walking

University/college campus
sidewalks/walking Paths
Forest
Country park
Described as “outdoor”, no further details
are provided

Walking
Running
Cycling
Dancing
Combined strength and aerobic
training

Woodland
Gardens
parks

ivity

Aerobic training
Cycling
Walking
Hiking
Free activities

Parks
urban green areas
Sea
Beach
Marina

Running
Walking

Forest
Woodland
Grasslands
Regenerated landfill
Nature reserve
Urban park
Bamboo forest

e
Walking
strength and resistance training

Urban park
Outdoor fitness station
Exercise parks
Blue and urban environments
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TABLE 4 Summary of the characteristics of the reviews and their main findings.

Review (year) Studies Short-term findings Long-term findings
Bowler et al. (2010)
(58)

25 Reduced negative emotions (anger, fatigue, sadness). Less consistent
results on anxiety and tranquillity. A positive small effect was also found
on tests of attention. Confidence intervals overlapped zero after
adjusting for pre-test measurements on attention and fatigue. Feelings
of tranquillity after exposure to nature were more positive than after
exposure to an outdoor built environment, but not in comparison to an
indoor environment.
Comparing the outcomes before and after the activity, positive changes
were found in feelings of anxiety, energy, anger, fatigue, and sadness.

NA

Thompson Coon
et al. (2011) (59)

11 Walking in a natural environment compared to walking indoors: greater
feelings of revitalisation and positive engagement. Decreased tension,
confusion, anger, and depression and increased energy. However, the
results suggested that feelings of calmness and tranquillity may be
decreased following outdoor exercise. Participants reported greater
enjoyment and satisfaction with the outdoor activity and intended to
repeat the activity later.
After running outdoors, compared to running indoors, less anxiety,
depression, anger, hostility, and fatigue were reported. However, no
benefits were reported in the other two studies involving running as PA.

NA

Lahart et al. (2019)
(60)

28 Compared with indoor exercise, acute bouts of outdoor green exercise
may favourably influence affective valence and enjoyment but not
emotion, perceived exertion, exercise intensity, and biological markers.

In a meta-analysis of three longitudinal trials, the only statistical
finding was slightly lower post-intervention perceived exertion
with green vs. indoor exercise.

Yen et al. (2021)
(61)

8 Na Green and blue exercise had no significant effect on the general
QoL.
Green and blue PA revealed a small to moderate significant
impact on physical and a small and significant impact on mental
health

Wicks et al. (2022)
(62)

24 Meta-analysis showed large or moderate effect sizes were obtained for
anxiety, fatigue, and positive affect, but considerable heterogeneity was
also evident. For vigour, a large effect favouring the natural
environment had low heterogeneity. A moderate effect was found for
anger, with low heterogeneity. The meta-analysis for depression
revealed a small effect in favour of the natural environment but with
considerable heterogeneity.

NA

Marini et al. (2022)
(63)

6 PA interventions carried out in an outdoor green–blue space natural
environment can have a positive impact on a healthy population, both
after a few weeks of intervention or after several weeks and can be an
effective strategy to enhance and promote healthy lifestyles

NA

TABLE 5 Results of meta-analyses conducted by wicks and colleagues
(2022).

Outcome Participants (studies) Effect estimate I2

Anxiety 720 (7) −6.59 91%

Fatigue 697 (5) −1.98 79%

Positive affect 115 (2) 0.59 92%

Vigor 697 (5) 3.28 15%

Anger/hostility 697 (5) −0.57 30%

Depression 697 (5) −0.34 74%

Laezza et al. 10.3389/fspor.2024.1449059
PA levels, the benefits were modest. Tranquillity levels were

significantly higher after exposure to natural settings than after

urban outdoor environments, but not compared to indoor exercise.

Thompson-Coon et al. (59) compared the effects of PA in natural

environments vs. indoors on psycho-physical well-being, primarily

focusing on running and walking activities. Walking in natural

settings showed significant improvements in various mood aspects,

such as enjoyment, satisfaction, and intentions to repeat the

outdoor activity. Running outdoors was associated with lower

anxiety, depression, anger, hostility, and fatigue compared to

indoor running, although two studies did not report benefits. Due

to study heterogeneity and small sample sizes, the authors refrained

from drawing conclusive evidence in support of GE. A meta-

analysis by Lahart et al. (60) showed mixed results of GE benefits

compared to exercising in artificial or indoor environments.

Significant short-term effects were found on the affective value and

enjoyment of PA. In Wicks and colleagues’ review (62), twenty-two

out of twenty-four primary studies examined the short-term effects

of GE. In most of the studies (n s= 22), participants engaged in

walking. Six meta-analyses with data from nine primary studies

showed a significant effect of GE for the six outcomes investigated,

though the heterogeneity of the results was considerable (Table 5).
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3.2.2 Long-term effects
Upon excluding studies featured in multiple reviews, it was

found that 26% of the primary studies delved into the long-term

effects of GE. Interventions spanned from 10 weeks to one year.

Within this subset, two observational studies focused on clinical

populations (58). In three long-term trials, GE was compared

with indoor exercise with a similar training volume (60). The

meta-analysis investigated the long-term impacts of GE on

positive emotional states, depressive symptoms, fatigue

perception during exercise, cardiac indicators, PA engagement,

weight, body mass index, and body fat percentage, involving data
frontiersin.org
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from two trials. The results demonstrated a significant effect

exclusively on post-activity perceived exertion: participants

engaging in GE reported slightly less exertion compared to

indoor exercise. However, PA characteristics varied among the

three trials: running, a combination of strength and aerobic

exercises, or cycling. Additionally, one trial included a clinical

sample. A systematic review examined the long-term influence of

PA in natural settings, including blue spaces, on quality of life

(QL) (61). A meta-analysis of four randomised controlled trials

did not find a significantly larger influence of green and blue

exercise on general QL as measured by mental and physical

health questionnaires. However, analysis based on six out of

eight studies showed significant benefits of green and blue

exercise activities on the psychological and physical health

components of QL (61). Wicks et al. (62) found that only two

out of twenty-four primary studies assessed the effects of

repeated GE sessions, and no conclusive results about long-term

effects were reported. In their review focusing on the long-term

effects of PA interventions in green and blue space settings,

Marini et al. (63) revealed that engagement in green and blue

exercise yielded better responses in participants’ mood and well-

being compared to exercising or resting in urban environments.

However, this finding was based on two studies with differing

characteristics. Vert et al. (64) investigated the long-term benefits

of PA in blue spaces (a seafront route to a breakwater), while

Song et al. (65) assessed the physiological and psychological

short-term effects of GE by having participants walk in an urban

park during the fall season. Overall, walking was the primary PA

intervention in two out of the six studies included, while the

remaining studies involved combined exercises such as body

strength training and aerobic workouts.
3.3 Green space assessment

Fourteen studies, accounting for 20.1% of the total, evaluated

the benefits of PA interventions in natural settings such as

woodlands, grasslands, or forests, all featuring trails and

footpaths. Then, interventions often took place in urban parks

(15%) or university campuses (12%), with both environments

varying in the extent of greenness. Eight studies (12%) picked

environments with water elements, such as lakes and rivers.

Outdoor exercise stations were utilised as GE in 6% of the

studies. Another 12% of the studies involved indirect exposure to

natural environments, using virtual reality and views of nature

scenes. Other GE conditions included beaches, harbours, seas,

hiking areas, urban public parks, and tree-lined urban roads.
3.3.1 Objective environmental measures
Among the objective environmental measures, air temperature

was the most reported (33.3%). Humidity was the second most

frequently recorded (18.2%). Illumination levels (lux) were

documented in 9.1% of studies, and noise levels were reported in

6.1% of studies. Wind speed, greenness rate, rainfall, sunlight

exposure, and heat were less commonly measured.
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3.3.2 Subjective environmental measures
Regarding the subjective assessment, 9% of the studies utilised

the Perceived Restorativeness Scale (PRS) (66) to evaluate the

natural environment’s restorative potential. Nisbet et al. (67)

adapted the Positive and Negative Affect Scale (PANAS) by

adding elements related to fascination, curiosity, and interest to

assess the environment’s restorative capacity. The semantic

differential (SD) method was employed in 7.5% of studies to

gauge participants’ environmental perceptions. One study

examined the sense of presence in virtual green environments,

while another study assessed perceived naturalness.
4 Discussion

This review aimed to synthesise current studies on the interplay

between nature exposure and physical activity, focusing on

methodological approaches and assessment metrics for the

natural environment. Reviews on green exercise (GE) yielded

mixed results, reflecting variability in short-term and long-term

effects, likely influenced by diverse comparison methods,

heterogeneous physical activity characteristics, and shortcomings

in environmental assessment. Admittedly, this review has the

limitation of focusing on a small number of reviews. The

selection criteria led to a limited pool of studies, which may pose

an issue of over-reliance on specific findings. However, the

insights gained from this review provide essential guidance on

key methodological issues in studying the benefits of green

exercise and nature exposure.

The predominance of cross-sectional studies calls for

longitudinal and robust experimental designs to unravel the

complexities of the interrelation between exposure to nature and

PA (56). Among the long-term effects of GE, a notable impact

was observed only on perceived exertion levels (60) and sub-

components of quality of life (61). However, inconsistent

comparison conditions in these studies — such as resistance

training with outdoor equipment or combined aerobic exercises

as GE condition (60, 61, 63) — may hinder the generalizability

of the long-term results.

Results also highlight overlooked aspects such as biodiversity in

green settings (58) and the limited variety of green spaces utilised

for PA (59). Reviewed studies often lacked objective nature

measures and focused on subjective assessments by primary

authors (58) or mixed green spaces and blue spaces (61, 63). Yen

et al.’s (61) meta-analyses failed to demonstrate significantly

greater benefits of GE on overall quality of life, potentially due to

overlooked factors like aesthetic preferences and environmental

variables. While Lahart et al. (60) found inconclusive evidence

regarding the superiority of GE over non-green alternatives,

short-term analyses showed the potential benefits on affective

valence and enjoyment compared to indoor or non-green

activities. Thus, methodological issues like poor descriptions of

natural environments and limited subjective measures of

environmental perceptions compromise the quality of evidence

supporting GE.
frontiersin.org

https://doi.org/10.3389/fspor.2024.1449059
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Laezza et al. 10.3389/fspor.2024.1449059
Only a small portion (9%) of primary studies assessed the

perceived restorative potential of natural settings, indicating a

gap in understanding participants’ environmental preferences and

perceptions. Nonetheless, perceptions of the physical

environment are crucial for understanding the relationship

between environment and PA (68), influencing engagement in

GE (69, 70). For example, outdoor thermal comfort (OTC) can

significantly affect how people perceive and use outdoor spaces,

influencing participation in outdoor activities and overall urban

livability, particularly in the context of climate change (71).
4.1 Future directions

Researching the efficacy of GE presents unique challenges, as it

necessitates concurrent assessments of PA and nature exposure. An

optimal approach involves monitoring PA levels through self-

reports and contextually using device-based measures (48). Self-

report tools, while valuable for exploring social and

environmental aspects such as the perception of the activity’s

setting (72), should be complemented with objective methods to

ascertain attitudes towards PA (52). Implementing standardised

PA measurements is essential to combat the pandemic of

physical inactivity (9) and pursue the WHO goal of reducing

inactivity levels (3). As such, Ecological Momentary Assessment

(EMA) allows for real-time collection and transmission of self-

reported data on emotions, behaviours, and environmental

perceptions, enabling the examination of environmental factors

that contribute to PA maintenance (73).

Furthermore, future studies should explore various

environmental features: the objective quality of physical settings,

perceptions of restoration potential, perceived biodiversity,

ecological quality, outdoor thermal comfort and aesthetic

preference. In addition, future research should include meta-

analyses to assess whether specific natural environments provide

distinct health benefits. While the current literature often

compares green spaces with urban or indoor environments,

evaluating how different types of natural settings, such as urban

parks vs. wilderness areas, affect health outcomes for participants

engaging in physical activity would be valuable.

In addition to the health benefits of green exercise, future

research should explore its potential to foster pro-environmental

behaviours. Evidence suggests that regular contact with nature

strengthens environmental awareness and encourages behaviours

aimed at protecting the environment (74). Understanding how

green exercise can promote individual well-being and pro-

environmental attitudes could offer valuable insights for

advancing public health and sustainability initiatives.

However, the ongoing impacts of climate change, including

increased urban heat stress, may alter the efficacy of green and blue

spaces in promoting health, with different types of green spaces

potentially providing distinct benefits for mental health and climate

resilience (2). In addition, the perception and use of green spaces

can vary depending on urban context and climate. In warmer

climates, high temperatures may discourage outdoor exercise,

whereas in more temperate areas, green exercise tends to be more
Frontiers in Sports and Active Living 07
common (75). Thus, it is crucial that future research investigates

how different types of natural environments may offer varied health

benefits, especially in the context of changing climatic conditions.
4.2 Conclusion

The journey to quantify the health benefits of nature exposure

is ongoing, and the field has yet to reach a consensus on the most

predictive nature exposure measures (76). Future studies should

aim for precision in evaluating these metrics’ accuracy and

identifying specific natural elements for measurement (77).

Current research often portrays natural spaces as static entities,

primarily focusing on their visual aspects (45). This perspective

may overlook the dynamic human-environment interaction over

time and the nuanced impact of biodiversity and restoration

potential on well-being (78).

The prevalent “green vs. urban” framework in studies of

restorative environments may be too simplistic, potentially

obscuring which specific environmental features confer health

benefits (31). The ecological diversity within green spaces is a

promising research area, as it is closely tied to the restorative

benefits of nature exposure (79). Research has shown that higher

biodiversity levels within urban and peri-urban green spaces

contribute to increased perceptions of restorativeness and well-

being, emphasising the importance of ecological diversity in

promoting mental and physical health benefits (80). Furthermore,

integrating regenerative urban design and biophilic principles

into green spaces enhances their ability to foster healthful living

while addressing climate resilience and sustainability (81). Thus,

research that disentangles how different natural settings interact

with PA to foster healthful living is a clear need for research.

This review highlights the multifaceted nature of GE and its

effects on mental and physical health. While we understand

some short-term benefits, the long-term impacts and the most

effective environmental settings for promoting these benefits

remain unclear. The contributions of subjective and objective

measures of environmental attributes to GE outcomes require

further investigation. Future research should integrate diverse

methodologies, including EMA and advances in wearable

technology, to capture the interplay of behaviour, environment,

and time (72, 82). Moving forward, it is crucial to expand our

metrics beyond “green” to encompass the broader spectrum of

ecological features that enhance the restorative potential of

natural environments. Only through a comprehensive

understanding can we fully leverage the power of GE to combat

physical inactivity and improve global health outcomes, as

outlined by the WHO (3).
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