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Abstract

The impact of environmental context on the psycholog-

ical benefits derived from physical activity has attracted

research attention in recent years. Previous reviews

have compared effects of indoor versus outdoor exer-

cise. This review compares the effects of physical activ-

ity undertaken in outdoor green natural environments

versus outdoor urban environments on psychological

health outcomes in adult general populations. An elec-

tronic literature search identified 24 experimental stud-

ies meeting the inclusion criteria. Results were

analysed via narrative synthesis (n = 24) and meta-

analysis (n = 9) of effect on six outcomes. Narrative

synthesis found in favour of the natural environment

for anxiety, anger/hostility, energy, affect and positive

engagement. Post-intervention effect sizes suggested

duration and social context as potential moderators.

The meta-analyses revealed large or moderate effects in

favour of the natural environment for anxiety, fatigue,

positive affect and vigour, and a small effect for depres-

sion. Results were subject to high risk of bias and het-

erogeneity. Physical activity undertaken outdoors in
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natural environments is more beneficial for a range of

psychological outcomes compared with urban environ-

ments. The various effect sizes evident in the meta-

analyses may be explained by differing mechanisms

through which psychological gains are experienced

during physical activity in nature.
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environment, green exercise, psychological health, physical
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INTRODUCTION

In the past week, an estimated one in six people will have experienced a common mental
health problem, such as depression or anxiety (McManus et al., 2016). Mental ill health is
one of the most common causes of ill health and disability globally, affecting people of all
ethnicities, ages and genders (GBD 2016 Disease and Injury Incidence and Prevalence
Collaborators, 2018).

The burden of mental ill health is experienced by both the individual and wider society.
Based on figures from 2010, the cost of mental ill health to the global economy was estimated
to reach US$16 trillion by 2030 (Patel et al., 2018). Although various therapies and treatments
are available, there is a disparity between the prevalence of mental ill health and funding for
treatment. In 2012, 23% of all disease in the United Kingdom was attributed to mental ill health,
yet it received only 13% of NHS health expenditure (The Centre for Economic Performance and
Mental Health Policy Group, 2012). Vigo et al. (2019) report a disproportionate allocation of
government funds for mental health in American countries, with the disease burden of mental
ill health six times the proportion of funding. Estimates suggest that globally 70% of people suf-
fering from mental ill health do not receive care from a healthcare professional (Henderson
et al., 2013). In addition to inadequate funding, barriers including stigma (Van Voorhees
et al., 2005), lack of perceived need for treatment (Mojtabai et al., 2011) and low outcome expec-
tations of treatment (Bayer & Peay, 1997) are believed to prevent individuals from seeking treat-
ment. Self-management interventions that are readily available without diagnosis by a
healthcare professional may provide individuals with tools that help maintain wellbeing and
function and prevent exacerbation of symptoms. The present paper focuses on the role of physi-
cal activity in management of psychological wellbeing of the general population including those
living with untreated symptoms of mental ill health (McManus et al., 2016).

Accumulated evidence suggests that physical activity may be as effective as psychological
and pharmacological treatments for depression and anxiety (Cooney et al., 2013; Stubbs
et al., 2017). Organisations including the UK National Institute of Clinical Excellence and
World Health Organisation advocate physical activity as a strategy to help tackle mental ill
health (National Institute for Health and Care Excellence, 2020; World Health
Organisation, 2019), and recent years have seen the promulgation of so-called ‘social prescrib-
ing’ in which people may be referred or self-refer to non-medical interventions including partic-
ipation in physical activity.
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Physical activity contexts and psychological outcomes

The influence of the environmental setting in which physical activity takes place on psychologi-
cal health outcomes has also received considerable research interest in recent years. Specifi-
cally, research has investigated whether physical activity while simultaneously exposed to
elements of the natural environment, sometimes termed ‘green exercise’ (Pretty et al., 2005),
might be more beneficial to psychological outcomes than physical activity in other types of
manmade or synthetic environments such as indoor gyms.

Theories such as Psycho-evolutionary Theory (Ulrich et al., 1991) and Attention Restoration
Theory (Kaplan & Kaplan, 1989) propose potential mechanisms through which exposure to the
natural environment can enhance health and wellbeing. Psycho-evolutionary theory proposes
that humans innately prefer natural environments that offer safety and resources required for
survival. Being in such environments is associated with increased positive and reduced negative
affective states. Attention Restoration Theory describes nature's ability to offer restoration of
mental fatigue caused through depletion of directed attention. Humans use directed attention
to focus on cognitively demanding tasks or situations and to maintain attention must constantly
inhibit more interesting stimuli, resulting in mental fatigue. Spending time in the natural envi-
ronment requires effortless or involuntary attention providing opportunity for the replenish-
ment of fatigued directed attention.

Three previous reviews have considered the effect of environmental context on the psycho-
logical benefits of physical activity in adult populations. Two of these (Lahart et al., 2019;
Thompson Coon et al., 2011) compared physical activity in natural versus indoor environments.
Thompson Coon and colleagues reported greater feelings of revitalization and positive engage-
ment, decreases in tension, confusion, anger and depression, and increased energy following
physical activity in nature compared with indoor physical activity. Lahart et al. (2019) found
that physical activity in nature (both actual and virtual) enhanced psychological outcomes for
affective valence and enjoyment compared with indoor activity. However, the authors report
equivocal findings for the effects on energy, calmness, tension, anger and depression. A third
review (Bowler et al., 2010) compared exercise in natural vs ‘synthetic’ environments, with syn-
thetic environments defined as indoor and ‘non-green outdoor built environments’. The
authors found in favour of the natural environment for anger, fatigue, tranquillity and sadness,
with a marginally positive effect on energy.

Outdoor environments as a location for physical exercise confer many obvious benefits for
self-management of mental health and social prescribing. The outdoor environment can be
accessed free of charge, unlike gym membership, and is available locally to all. However,
because previous reviews have focused upon evidencing the benefits of outdoor versus indoor
physical activity, it remains unknown whether features of the outdoor environment, namely
whether it can be described as ‘green’ or ‘urban’ might impact upon the benefits of outdoor
physical activity. In short, is it better to go for a walk in a town or in the countryside to improve
your mental wellbeing? The aim of the present review is to address this question.

Impact of gender on the effect of environmental context on outcomes

A secondary aim of the review was to investigate the possible moderating role of gender.
Previous research has suggested that gender may influence the relationship between the envi-
ronmental context of physical activity and psychological outcomes. Hassmen (1996) found that
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during outdoor running, women reported lower perceived exertion than expected based on their
actual heart rate, whereas in men, perceived exertion was higher than expected. Barton and
Pretty (2010) found that men experienced slightly larger improvements in mood following green
exercise than women. Further, behaviour and attitudes towards natural environments has been
found to differ between genders. Puett et al. (2014) found that men more likely to engage in
physical activity outdoors, whereas Zelezny et al. (2000) report that women are more likely to
engage in pro-environmental behaviours and may have greater sense of being connected to the
natural environment (Hughes et al., 2019). As connection with nature is a possible pathway
between nature and health (Cervinka et al., 2012), this finding might indicate that women may
experience greater psychological benefits from green exercise than men.

Aims of the present study

This review extends previous research by addressing a clear gap in the literature. No previous
review has compared the psychological health outcomes obtained from participating in physical
activity in a natural versus an urban outdoor environment. However, the body of research
addressing this topic has grown in recent years, making a synthesis of findings important and
timely. As a free and readily available self-management strategy, outdoor activity may be bene-
ficial to the large population of people with common mental disorders who are not receiving
treatment or support. Moreover, given an increased awareness of the potential negative conse-
quences on psychological health of urban living (Gruebner et al., 2017), an understanding of
the impact of environmental setting during physical activity might inform wellbeing and health
policies and urban planning.

We conducted a systematic review and meta-analysis of research comparing the effects of
urban and natural outdoor exercise contexts. It was hypothesized based on the foregoing
reviews that physical activity in nature will result in more favourable results for all psychologi-
cal outcomes. We also sought to address gender as a moderator of the relationship of exercise
context to outcomes. Based on previous research it was hypothesized that gender would moder-
ate the relationship between physical activity in nature and enhanced psychological outcomes.

METHOD

Study registration

The study protocol was registered at Prospero Journal in December 2019, Ref:
CRD42019158162 (Wicks et al., 2019) and was conducted in accordance with the PRISMA
guidelines (Moher et al., 2009). The PRISMA flowchart is shown in Figure 1.

Search strategy and inclusion criteria

An electronic literature search was conducted using the following databases (from inception of
the database to September 2019): Sport Discus, PsychInfo, PsychArticles, Greenfile, Medline (all
via Ebsco host) and Web of Science. The title and abstract search included one of the following
context keywords (Outdoor*,outside, forest, woodland, park*, ‘green space’, greenspace, ‘open
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space’, ‘green gym’, natur*, mountain*, garden*, allotment, wood*, horticulture*, wilderness,
countryside, urban*, cit*, town*, borough*, built, built-up ‘built up’, street*, suburban, metro-
politan, industrial, developed, commercial, residential) together with one of the following physi-
cal activity keywords (AND ‘physical activity’, exerci*, fit*, sport*, hik*, walk*, jog*, run*, cycl*,
climbing, kayak*, fishin, swimming, football, socce, surfing, volleyball, netball, hockey, rugby,
recreation, conservation) and the following psychological outcomes (AND ‘mental health’,
mood, well-being, wellbeing, ‘well being’, self-esteem, depress*, anxiety, stress, affect, emotion*,
‘quality of life’, psychological). The searches were also limited to adults (AND Men OR women
OR male* OR female* or adult* NOT Child* OR adolescent OR youth).

Eligibility screening and data extraction

Quantitative studies comparing physical activity outcomes in a natural and an urban environ-
ment were identified. Randomised controlled and non-randomised studies, controlled pre and
post studies, and cross-over studies were eligible for inclusion. Studies were limited to those
published in peer-reviewed academic journals, in English language and where participants were
adults (aged 18+ years) and from non-clinical populations. Studies including participants with
a known psychological, physical, or clinical diagnosis were excluded to avoid potential bias due
to concomitant interventions or treatments, so as to ensure that outcomes can be attributed to

FIGURE 1 PRISMA flowchart of study identification and inclusion
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green exercise. Eligible studies reported on psychological outcomes, broadly defined to include
well-being, self-esteem, depression, anxiety, mood and stress. The protocol is available at
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019158162.

Potentially eligible studies were extracted into an Excel database. Papers were screened at
abstract and full-text level against the pre-determined eligibility criteria. Any uncertainty around
inclusion was discussed and resolved between C. W. and L. A. After screening, relevant data from
each included article were extracted. Extracted data included participant characteristics, sample
size, psychological outcomes reported, components of physical activity (type, duration, frequency
and intensity), social context and descriptions of the natural and urban environments.

Assessment of risk of bias

Risk of bias (RoB) was assessed for randomised controlled trials and randomised trials using
the Revised Cochrane risk-of-bias tool for randomized trials (Sterne et al., 2019). Cross-over
studies were assessed for RoB using the tool adapted by Ding et al. (2015) which includes addi-
tional items specifically for crossover design studies (e.g. assessment of carry-over effects
between conditions). All studies were rated independently by CW and by JB. Inter-rater reliabil-
ity was assessed via mean agreement (82%) and Cohen's kappa (κ = .71). Discrepancies were
resolved through discussion between C. W. and J. B.

Narrative and meta-analytic data synthesis

A narrative synthesis was undertaken following the protocol outlined by Popay et al. (2006).
This involved identifying existing theories or models of green exercise and health that are
supported by the findings, preliminary synthesis of findings, exploring relationships in the data
and assessing the robustness of the synthesis. The synthesis of findings compares outcomes
across studies, whereas effect sizes are employed as a common rubric to explore and interpret
patterns in outcomes.

Meta-analysis was conducted where at least two studies reported the same outcome and
appropriate data for meta-analysis was provided in the published paper or through contact with
the authors. In total, nine of the 24 studies were included in the meta-analyses. For crossover
studies, the protocol for meta-analysis outlined by Elbourne et al. (2002) was followed, which rec-
ommends using paired within participant data. Mean difference was used for meta-analysis of
studies using the same outcome measure to report a specific psychological construct.
Standardised mean difference (SMD) was used where measures of a psychological construct dif-
fered between studies. Subgroup analysis was conducted using Borenstein and Higgins (2013)'s
protocol. Meta-analysis of data was conducted via random-effects meta-analysis in Review
Manager, version 5.3, applying generic inverse variance outcomes for crossover studies and con-
tinuous outcomes for randomised trials. Heterogeneity of effects was investigated and reported
using the I2 statistic and interpreted as representing considerable heterogeneity where values of
75% or higher were returned (Higgins et al., 2003). The chi-squared statistic was also considered
with p values of ≤.10 indicating heterogeneity of the intervention effects. The lower criterion
value was used due to the reduced power of chi-square where a small number of studies are
included in meta-analysis (Deeks et al., 2021). The pooled mean or SMD for each psychological
outcome included in the meta-analysis is reported with 95% confidence intervals. SMD is
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interpreted with effects of 0.2 as small, 0.5 moderate and >0.8 large (Cohen, 1998). It was not
appropriate to assess publication bias via funnel plots as the tests would be underpowered to dis-
tinguish chance from real asymmetry due to the small number of studies in each meta-analysis
(Page et al., 2021).

RESULTS

Study design characteristics

The searches identified 24 unique studies for inclusion (Figure 1). Studies were crossover trials
(n = 18), randomised trials (n = 4) or randomised controlled trials (n = 2). Twenty-two studies
were based on a single bout of physical activity with a duration ranging from 15 to 60 min.
Studies were conducted in Japan (n = 6), USA (n = 6), United Kingdom (n = 3), Sweden
(n = 2), Finland (n = 2), China (n = 2), with one study each in Canada, Taiwan and Denmark
(Table 1).

Participant characteristics

A total of 1800 participants were included across the 24 included studies. Samples were
described as university or college students (n = 16), university staff and students (n = 1), adults
(n = 5) or regular runners (n = 2). Based on the eligibility criteria of the individual studies, par-
ticipants were healthy and without physical or mental health conditions. Participant mean age
ranged from 19 to 49.3 years (Table 1).

Experimental conditions: Context and type of physical activity

All studies compared a natural and urban condition (Table 1). Natural environments included
forest, woodland, grasslands, regenerated landfill, nature reserve, urban park and bamboo for-
ests. Urban environments included commercial districts, historical downtown areas, central city
areas or residential streets. The level of detail used to describe environmental conditions varied,
with some studies providing photographs in addition to written descriptions, for example,
Stigsdotter et al. (2017). Participants undertook walking (n = 22), jogging (n = 1) and running
(n = 2). Han (2017) compared both walking and jogging in each environment. Duration ranged
from 15 min to 1 h. Intensity of physical activity was specified in 14 studies, with six studies
measuring intensity objectively using an actigraph and velocity obtained via a Nike+ running
app (Han, 2017), average heart rate (Kinnafick & Thøgersen-Ntoumani, 2014) or heart rate vari-
ability (Gidlow et al., 2016; Song et al., 2013; Song et al., 2014; Song et al., 2019). The remaining
10 studies did not specify intensity.

Assessment of risk of bias for randomised trials and crossover studies

Risk of bias assessments for randomised trials are summarised in Figure 2. Randomisation
procedures were not fully reported and three of the six included randomised studies did not
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clearly report the number of participants whose data were included in outcome analyses.
Although blinding participants to their condition was not possible, studies where participants
were familiarised with the environmental conditions prior to the experiment may have
resulted in biased reporting and were therefore rated more highly for RoB. The overall RoB
rating for all six randomised studies was high; however, this rating may be inflated due to
inadequate reporting.

Inadequate reporting also affected assessment of RoB for crossover studies (Figure 3).
Eleven of the 18 crossover studies randomly allocated participants, but only Gidlow
et al. (2016) reported adequate details of participant randomisation. Carry-over effects were
not reported in any of the studies. Studies were rated as high risk (n = 3) where both condi-
tions were undertaken within 24 h, or unclear (n = 14) where the washout period was at least
1 week. de Brito et al. (2019) reported a 2-week washout period and was rated as low RoB.
Most crossover studies reported unbiased data; however, two studies were unclear. Bodin and
Hartig (2003) presented data collapsed by condition, whereas Roe and Aspinall (2011) col-
lected data using nine validated variables and produced a new factor structure, reporting
results for the four variables derived from the factor structure. Allocation of concealment was
not reported in any crossover studies. Two studies were rated as high RoB where the publi-
shed procedures gave no details of any attempt to conceal the allocation of participants
(Roe & Aspinall, 2011; Stigsdotter et al., 2017). All other studies were rated as unclear
(n = 16). It was indeterminate whether any blinding of participants or study personnel was
attempted in 16 of the 18 crossover studies. Selective outcome reporting was rated as high for
three crossover studies where outcome data were incomplete. Thirteen crossover studies also
rated as high for biases including small sample sizes and lack of information around partici-
pant recruitment.

Narrative synthesis results

Narrative synthesis was undertaken for all 24 studies shown in Table 1, and results are
summarised here by outcome variable. The effect sizes obtained in each study are detailed in
Table S1.

FIGURE 2 Assessment of risk of bias for randomised trials
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Anxiety

Sixteen studies reported outcomes for anxiety. Eleven of these reported statistically significant
decreases in anxiety following physical activity in a natural environment compared with an
urban environment. Lyu et al. (2019) reported statistically significant decreases following a
combination of seated viewing and walking in two bamboo forest conditions compared with a
downtown area, but not between the bamboo park and downtown conditions. Three studies
reported non-significant improvements in favour of the natural environment (Bodin &
Hartig, 2003; Han, 2017; Stigsdotter et al., 2017).

Depression

Four out of 12 studies reported statistically significant decreases in depression scores in favour
of the natural environment. As for anxiety, Lyu et al. (2019) reported depression significantly
decreased in the two bamboo forest conditions compared with the downtown condition, but
not in the bamboo park condition. Four studies reported non-significantly lower depression
scores in the natural environment. However, effect sizes indicated a moderate effect in favour
of the natural environment, d = �0.58 and d = �0.47 for Song et al. (2014) and Song
et al. (2015), respectively, but may have been underpowered to detect significant changes.
Perkins (2011) reported a significant pre-post decrease regardless of environmental setting (all
p's < .05). Three studies found no significant difference between conditions (Han, 2017; Hartig
et al., 1991; Song et al., 2013).

Anger and hostility

Half (6/12) of the studies considering anger reported statistically significant decreases in the
natural environment. Hartig et al. (2003) suggest that increased mental fatigue negated the ben-
eficial effects of the natural environment. Perkins (2011) reported significant reductions in
anger (p < .01) regardless of condition. Three possibly underpowered studies (Song et al., 2013;

FIGURE 3 Assessment of risk of bias for crossover studies
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Song et al., 2014; Stigsdotter et al., 2017) reported non-significant reductions in anger in the nat-
ural condition but had moderate to large effect sizes. One study reported no significant differ-
ence between conditions (Han, 2017).

General affect, positive emotions and engagement

Twenty-four outcomes relating to general affect, positive emotions or engagement were
reported across 10 individual studies. Positive affect improved in favour of the natural environ-
ment in six of eight studies. Two studies measuring affective valence and happiness also
reported in favour of the natural environment. Hartig et al. (2003) found that participants who
undertook an attentional task reported lower happiness scores in the natural environment,
compared with a non-task group. The opposite effect was found in the urban environment. Neg-
ative affect significantly reduced in favour of the natural condition in 4/5 studies. Tyrväinen
et al. (2014) reported a significant reduction when comparing the forest and urban conditions,
with a non-significant reduction between the park and urban conditions. Two studies reported
on positive engagement and reported scores increased in both conditions. For attentiveness,
one study reported decreases in both conditions and a second no difference between conditions.
A single study measured arousal and found no difference between conditions.

Energy

Energy includes revitalisation, vitality, fatigue, vigour and lack of exhaustion. All 12 studies
found physical activity in nature was more beneficial for increased energy or reduced fatigue.
Song et al. (2013) reported significant decreases in fatigue in both conditions. In Kinnafick and
Thøgersen-Ntoumani (2014) energy increased following a 15-min walk in both conditions but
decreased in the urban condition following 15-min of sitting.

For vigour 7/10 studies found statistically significant increases in favour of the natural envi-
ronment. Stigsdotter et al. (2017) found a non-significant improvement (d = 0.37). Butryn and
Furst (2003) reported significant improvements in revitalisation in both conditions. Johansson
et al. (2011) reported revitalisation significantly increased only when walking alone in the natu-
ral environment or while walking with a friend in the urban condition. Tyrväinen et al. (2014)
found that subjective vitality increased in the forest and park conditions and decreased in the
city condition. Ojala et al. (2019) reported low urban-orientated participants had significantly
higher vitality scores in the forest compared with park conditions and decreased scores in the
urban condition. In high urban-orientated participants, vitality was higher in all conditions.

Tranquillity and calmness

Four crossover trials investigated measures of tranquillity or calmness. One study reported a
statistically significant increase in tranquillity following the park condition, but not in the
urban condition (Butryn & Furst, 2003). Two studies reported increased scores regardless of the
environmental condition (Bodin & Hartig, 2003; Johansson et al., 2011). Kinnafick and
Thøgersen-Ntoumani (2014) reported no statistically significant effects of the environment on
calmness, when weather variables were included as covariates in analyses.
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Summary of narrative synthesis

Although there are some inconsistencies across outcomes, this analysis revealed results gener-
ally supporting our hypothesis. The majority of tests showed greater benefits following green
exercise for anxiety, anger/hostility, energy, general affect and engagement, whereas four out of
10 tests found in favour of the natural environment for depression and one in four for tranquil-
lity. Where studies did not find in favour of the natural environment, the results often indicated
either favourable changes in both conditions or no changes in either condition.

Patterns identified in narrative synthesis

Post-intervention between groups effect sizes displayed in Table S1 were used to identify poten-
tial relationships between green exercise and psychological health. Although gender was hypo-
thesised to influence outcomes, no effect was evident in the narrative analysis when comparing
effect sizes between genders. However, a difference by gender for anxiety was noted by Bodin
and Hartig (2003). Two potential moderators were identified and are discussed here: duration
of green exercise and social context of green exercise.

Duration of green exercise

For anxiety, 15-min of walking in the natural environment resulted in large (d ≥ �0.80)
(Hassan et al., 2018; Song et al., 2013; Song et al., 2015; Song et al., 2019) or moderately-large
effect sizes (d = �0.59 to d = �0.64) (Kinnafick & Thøgersen-Ntoumani, 2014; Song
et al., 2014). In contrast, for durations of 50-min small (d = �0.06) and moderate (d = �0.31)
effects were obtained by Bratman et al. (2015) and de Brito et al. (2019) respectively. For nega-
tive affect, 15-min of walking resulted in a large effect (d = �0.64) (Kinnafick & Thøgersen-
Ntoumani, 2014), which reduced to a small effect at 30-min (d = �0.18) (Tyrväinen et al., 2014)
and a trivial effect at 50-min (d = �0.08) (Bratman et al., 2015). For both walking and running,
effect sizes for tranquillity/calmness decreased as duration increased. A large effect was found
after a 15-min walk (d = 0.84) (Kinnafick & Thøgersen-Ntoumani, 2014), which decreased to a
small to moderate effect after 40-min (d = 0.38) (Johansson et al., 2011). In women, a moderate
effect size following a 4-mile run (d = 0.42) (Butryn & Furst, 2003) decreased after a 14 km
(approximately 8.7 miles) run (d = 0.28). The difference in effect sizes between walking and
running might indicate tranquillity is affected by mode of physical activity or intensity.

Social context

The effect sizes reported in four studies suggest that positive affect increased to a greater extent
when green exercise was undertaken in the presence of others. An effect size of d = 0.26 was
found where female participants walked alone in a forest area (de Brito et al., 2019) compared
with effect sizes ranging between d = 1.43 and d = 0.61 (Hartig et al., 2003) where participants
walked in groups or had a researcher in close proximity (i.e. guiding the walk). Further,
Johansson et al. (2011) reported more favourable scores for tranquillity following a 40-min walk
with a friend (alone: d = 0.38, with friend: d = 0.60), anxiety and depression (alone: d = 0.02,
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with friend: d = �0.05), anger (alone: d = �0.10, with friend: d = �0.25) and physical exhaus-
tion (alone: d = 0.05, with friend: d = 0.08).

Meta-analysis results

As previously noted, data from nine studies contributed to meta-analyses of six different
outcomes (Table 2). Forest plots for each outcome are shown in Figure S1a–f. The results
of all six meta-analyses indicated effects in favour of the natural environment; however,
the effect size and heterogeneity differed between outcomes. Large or moderate effect sizes
were obtained for anxiety, fatigue and positive affect (d = �6.59, �1.98 and 0.59, respec-
tively), but considerable heterogeneity was also evident. For vigour, a large effect
(d = 3.28) in favour of the natural environment had low heterogeneity. A moderate effect
was found for anger, with low heterogeneity (d = �0.57). The meta-analysis for depression
revealed a small effect (d = 0.34) in favour of the natural environment, but with consider-
able heterogeneity.

Sub-group analysis: Moderation by gender

Sufficient data were available to conduct sub-group analysis by gender for the anxiety outcome.
Five studies had single sex samples (men: n = 4; women: n = 1), and results were provided
independently by gender for one study (Table 1). The results revealed no significant difference
by gender (SMD women = �6.49, SMD men = �4.49, p = .64), with similar effects in favour of
the natural environment for men and women (Figure S1g). The I2 statistics for the male
(I2 = 86%) and female (I2 = 95%) subgroups indicated considerable heterogeneity in both sub-
groups, suggesting that there is another factor, not dependent on gender, causing study hetero-
geneity. Insufficient data were available to conduct sub-group analyses by duration and social
context.

DISCUSSION

The aim of this review was to synthesize evidence from experimental studies comparing the
effect of physical activity in natural versus urban environments on psychological outcomes. A
systematic literature review identified 24 studies eligible for inclusion, 16 of these published
since 2014. All 24 studies were included in the narrative synthesis, and data were available to
include nine studies in meta-analyses. Psychological outcomes of physical exercise considered
across studies were anxiety, depression, anger/hostility, positive affect, positive engagement,
energy/vigour/fatigue, tranquillity and calmness.

The narrative synthesis found largely in favour of the natural environment for anxiety,
anger/hostility, affect and positive engagement and energy. Exploration of patterns by effect size
suggested that duration of green exercise and social context may be moderators of effect. The
results of the meta-analyses were consistent with the results of the narrative synthesis showing
significant differences between natural and urban contexts in improvements in anxiety, depres-
sion, anger/hostility, fatigue, vigour and positive affect following physical activity. Effect size
was large for anxiety, fatigue and vigour. Small or moderate effect sizes were obtained for other
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outcomes. The hypothesised moderator analysis by gender revealed no significant difference in
the effect of green versus urban exercise.

Although previous reviews have provided evidence for the benefits of outdoor versus indoor
exercise, the present study is the first to synthesize recently accumulated evidence to evaluate
the impact of the type of outdoor environment in which physical activity is pursued. Evidence
suggests that outdoor context may be crucial to consider in order to maximize the psychological
benefits of physical activity.

Effect of environment on anxiety and depression

The results of the meta-analysis showed that whereas physical activity in natural environments
was associated with significant reductions in anxiety and depression compared with urban envi-
ronments, the effect size obtained for anxiety was very large, whereas the effect size for depres-
sion was small. The narrative synthesis also found consistently in favour of the natural
environment for anxiety, whereas results for depression were inconsistent, similar to the find-
ings of Lahart et al. (2019). It is plausible that natural and urban outdoor environments have
different impacts on anxiety and depression. For example, natural environments may offer
respite from anxiety by providing both a physical and mental space that is free from everyday
stressors. In contrast anxiety may be not be alleviated by busy urban environments. Physical
activity undertaken alone in natural versus urban environments may confer fewer benefits for
symptoms of depression. Natural environments may enhance sense of loneliness or increase
opportunities for rumination (Berman et al., 2012). Urban environments may offer a sense of
connection or identity (Bornioli et al., 2018).

TABLE 2 Results of meta-analyses comparing psychological outcomes of outdoor physical activity in natural

and urban environments

Outcome

No. of
participants
(studies) Statistical method

Effect estimate
[95% CI] I2 χ 2 (df)

Anxiety 720 (7) Std. mean difference
(IV, random, 95% CI)

�6.59
[�10.04, �3.13]*

91% 66.98 (df = 6)**

Depression 697 (5) Mean difference
(IV, random, 95% CI)

�0.34
[�0.62, �0.05]*

74% 15.12 (df = 4)**

Anger/
hostility

697 (5) Mean difference
(IV, random, 95% CI)

�0.57
[�0.79, �0.35]*

30% 5.71 (df = 4)

Fatigue 697 (5) Mean difference
(IV, random, 95% CI)

�1.98
[�2.77, �1.19]*

79% 19.18 (df = 4)**

Vigour 697 (5) Mean difference
(IV, random, 95% CI)

3.28
[2.84, 3.71]*

15% 4.73 (df = 4)

Positive
affect

115 (2) Std. mean difference
(continuous, random,
95% CI)

0.59
[0.21, 0.98]*

92% 12.43 (df = 1)**

Note: I2 indicates the level of heterogeneity in the meta-analysis; ≥70 = considerable heterogeneity.
*Statistically significant outcome in favour of the natural environment (p < .05). **Chi-squared test indicates significant

heterogeneity (p ≤ .10).
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The studies reviewed primarily evaluated a single bout of physical activity within each envi-
ronment. The large effect size obtained for anxiety may reflect greater sensitivity of anxiety to
the restorative effects of the natural environment so that symptoms change rapidly and changes
were detectible in the study designs utilised. Depression may require longer or repeated expo-
sure to generate the same effect sizes as seen in anxiety. At present, the cumulative effects of
multiple sessions on both anxiety and depression are unknown. The impact of exposure may
vary by unmeasured variables or interactions with type of outcome (benefit to anxiety versus
depression) and social context. Furthermore, the analysis presented here is based only on pre
and immediately post intervention data. As such, it tells us little of the longevity of any benefi-
cial effects experienced. It could be that although smaller in size, green exercise had a more pro-
longed effect on depression. These are important questions for future research.

Effect of environment on other psychological outcomes

The meta-analysis revealed large effect sizes for both fatigue and vigour in favour of the natural
environment. Physical activity in a green environment resulted in reduced fatigue and
increased vigour compared with exercise in an urban environment. These findings augment
previous observations that outdoor exercise reduces fatigue and increases vigour relative to the
effects of indoor exercise (Bowler et al., 2010; Thompson Coon et al., 2011). It would appear that
outdoor exercise conducted in a green environment confers particular benefits in restoring
fatigue, consistent with attention restoration theory. In addition, a moderate effect size was
obtained in the meta-analysis for positive affect, and reduced negative affect was observed in
the narrative synthesis. These findings are consistent with psycho-evolutionary theory (Ulrich
et al., 1991). However, Brymer et al. (2021) suggests that existing theories may not capture the
full range of possible experiences in nature.

Potential moderators of effect

The relative impact of green versus urban exercise by gender was tested via sub-group analysis
in the meta-analysis. Data were available for one outcome, anxiety, and no difference by gender
was observed. Due to the small number of studies available for analysis, the question of
whether gender moderates the effect of the environment on psychological outcomes remains
unanswered. Using the effect sizes calculated as part of the narrative synthesis, duration and
social context were observed as potential moderators. However, insufficient data were available
to conduct statistical moderator analysis of these variables.

The narrative review suggested that shorter exercise sessions were associated with larger
effect sizes for both anxiety and negative affect. Short durations were also found to be most ben-
eficial for mood and self-esteem in a multi-study review (Barton & Pretty, 2010). Ulrich (1983)
suggests that initial responses to environments may be pre-cognitive and occur quickly based
on global and generalised affects (e.g. like or dislike). That the effect of duration was not evident
for all outcomes highlights the varying response of psychological outcomes to environmental
setting.

Social context was also derived as a potential moderator from the narrative review.
Although social interaction was not encouraged in any of the studies, having others with a
shared purpose (participating in or conducting the study) nearby may have provided feelings of
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social support or cohesion. The presence of others might also offer greater feelings of safety or
reassurance in natural areas that could otherwise feel secluded or unsafe.

The suggested relationships between psychological outcomes and duration of green exercise
and social context are tentative and require further exploration. Evidence suggests that complex
interactions are in operation such that it matters who is being physically active, with whom
and for how long, as well as in what context. These factors may also have differential benefit for
anxiety outcomes that may be more sensitive to environmental surroundings and depression
outcomes that rely upon stimulation and invigoration or social contact to obtain benefit.

Robustness of narrative synthesis

The quality assessment of all studies using a validated tool highlighted similar areas of concern
across all studies. These included carryover and order effects not assessed in crossover trials and
lack of blinding of study personnel across all studies. Due to the homogeneity in level of risk of
bias across studies, all studies were given equal consideration in the review. The methodological
limitations of the studies synthesised limits the conclusions that can be drawn. Although some
potential moderators between outcomes were identified, these were based on between groups
post-intervention effect sizes, which were not available for all studies. As such, these findings
should be considered preliminary and used to inform future research.

Strengths and limitations

The present review has many strengths including the pre-registration of the study protocol, use
of PRISMA guidelines and a validated tool to assess risk of bias. Combining narrative and meta-
analysis methodologies and the consensus between findings strengthens confidence in findings.
Further, the included studies were limited to those where participants were fully immersed in
actual natural and urban environments unlike previous reviews which included comparisons
with virtual environments (e.g. Lahart et al., 2019).

The reliance on student samples in the majority of included studies limits generalisability to
other populations. Further, studies eligible for inclusion focused only on the effectiveness of
walking and jogging/running in natural and urban environments. Alternative activities such as
cycling might be considered. Several of the studies included in the meta-analyses for anxiety,
depression, fatigue and vigour were from the same primary author. Although this may be
advantageous due to increased consistency in study design and protocols, they also share some
methodological weaknesses which may have resulted in favourable outcomes for the natural
environment. As in the narrative synthesis, the outcomes of the assessment of RoB influences
the reliability of the meta-analyses, as do the high I2 scores and issues around availability
of data.

Future directions

We recommend replication of this review in the future as more original studies become avail-
able, to both extend the meta-analysis and to investigate the potential moderators identified
here. To this end, we recommend researchers design studies that provide evidence of varying
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durations and social context and also address the limitations identified here including longer
term follow up that will permit evaluation of effect over time. This will support the develop-
ment of a theoretical framework which explains the mechanisms by which undertaking physi-
cal activity in green environments impacts psychological outcomes. This will inform
understanding of for whom and in which contexts this activity is beneficial. Future reviews
may also wish to include clinical samples to identify whether the effect of physical activity in
natural and urban environments differs between clinical and general populations. We also call
to researchers to make data readily available to facilitate future meta-analyses.

Conclusion

Physical activity in nature may be more beneficial for a range of psychological outcomes, than
physical activity undertaken in urban environments. Benefits are particularly evident for reduc-
tion in feelings of anxiety or fatigue, with somewhat weaker evidence for other outcomes
including depression. The variation in the results of the meta-analyses may be explained by dif-
fering mechanisms through which psychological gains are experienced during physical activity
in nature. This review provides the first synthesis of evidence to show that outdoor activity in
nature improves mental health more than outdoor activity in urban environments. These find-
ings have important implications for urban planning and green social prescribing for mental
health.
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