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Abstract: Nature-based activities have been used as therapeutic interventions for those experiencing
stress and mental ill health. This study investigates whether group walks could be a nature-based
intervention to foster resilience, by buffering the effects of recent stressful life events on mental
health. An observational research design with propensity score-matched samples compared the
mental health of individuals who did (Nature Group Walkers, n = 1081) or did not (Non-Group
Walkers, n = 435) attend nature group walks. A sub-sample of Frequent Nature Group Walkers (at
least once per week, n = 631) was also investigated. Data were analyzed using multiple regression
with an interaction term. All analyses were controlled for age, gender, and recent physical activity.
Results showed that neither nature group walking, nor doing this frequently, moderated the effects
of stressful life events on mental health. Using a main effects model, the positive associations of
group walks in nature were at a greater magnitude than the negative associations of stressful life
events on depression, positive affect, and mental well-being, suggesting an ‘undoing’ effect of nature
group walks. Group walking schemes in natural environments may be an important public health
promotion intervention for mental health.
Keywords: stress buffering; moderation; depression; nature walks; health promotion

1. Introduction
Mental illness is one of the most common non-communicable diseases in the United States [1] and
Europe [2,3]. Currently, 20% of Americans [1,4] and about 27% of Europeans [5] experience a mental
illness in a given year. The global economic burden of mental disorders is projected to be $6.0 trillion
dollars in 2030—greater than the costs of cancer, diabetes, and respiratory disorders combined [6].
Prevention and low-cost amelioration of mental ill health is necessary in order to reduce healthcare
demands and treatment costs [6].
The use of natural environments could be one such health promotion intervention [7–13]. A large
body of empirical research has identified the role of natural environments in facilitating recovery from
stress, e.g., [14,15], and treating depression, e.g., [16]. This suggests that nature could be an important
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resource for fostering resilience, by moderating the relationship between stressful life events and
mental health. However, few studies have formally investigated this idea.
National outdoor group walking programs could be a nature-based public health intervention
to foster resilience. Walking is an accessible, low risk, and inexpensive form of physical exercise [17]
that has been shown to reduce mental ill health [18,19]. As national group walk programs occur in
outdoor environments [20], and given that both nature and walking help mental health, interventions
such as this that combine nature exposure and walking may have additive beneficial effects for mental
health. Indeed, systematic reviews and meta-analyses have demonstrated that walking in nature
has added mental health benefits over walking in urban spaces [21] or indoors [21,22]. Group walks
in natural environments have also been found to significantly improve mental health, compared to
group walks in urban environments [23,24] or indoors [25]. This suggests that group walks in natural
environments could be a nature-based therapy to help people cope with stressful life events. However,
to date, no studies have investigated whether walking in nature can foster resilience [19,26]. This study
specifically examines whether a national walking group program that occurs outdoors could be a
socially prescribed nature-based public health intervention to foster resilience, by buffering the effects
of recent stressful life events on mental health. In the following sections, we briefly review the literature
on resilience, restorative environments, and the buffering effects of natural environments.
1.1. Resilience
Resilience is generally understood to be the ability to ‘bounce back’ from adversity [27]. Empirically,
resilience is operationalized as the maintenance or recovery of well-being, following exposure to
adversity or risk [28–30]. Adversity is the experience of life events or circumstances that threaten
individual functioning or development [31], such as stressful life events (e.g., job loss, divorce, death of
a family member) [32]. Stressful life events are a risk factor for mental illness, and are associated with
higher depression and anxiety symptoms [33–38], perceived stress [39], and negative affect [40].
To facilitate resilience, protective factors are required [41]. Protective factors buffer the impacts
of adversity, making the ability to ‘bounce back’ more likely [42,43]. Table 1 details the three
levels at which protective factors occur [41,44,45]. Personal-level protective factors are attributes
of the individual that facilitate the interpretation of, coping with, and reaction to adversity [30,41].
Family-level protective factors involve social support from family and friends. Community-level
protective factors are the characteristics of the social and physical environment. Natural environments
have been suggested as being potential community-level protective factors [31,45,46]. For example,
wilderness camps may promote resilience, as the experience provides the opportunity to engage
in activities and to develop new skills that develop feelings of self-esteem, competency [47],
self-confidence, or self-efficacy [31]. Young people who participate in a wilderness program report
significant improvements in self-concept, self-sufficiency, and self-esteem [47], as well as more positive
emotions, relaxation, and less negative emotions and stress [48]. Natural environments may also foster
post-adversity growth by promoting self-reflection [47,49,50], spiritual well-being [48,51,52], or the
belief that life has meaning [46]. To date, no studies have investigated walking, or walking in nature,
as a protective factor of resilience [19,26].
Table 1. Protective factors that facilitate resilience, occurring at the individual, family, and
community levels.
Level of Protective Factor
Individual

Family

Community

Examples
Psychological resiliency [53,54]
Age [30,55,56]
Education [30,55,56]
Social support from family or friends
[41,45,57]
Living in an affluent neighborhood [58]
Public safety [31]
Natural environments [31,45,46]
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1.2. Restorative Environments
Two theories explain how natural environments can facilitate resilience: Stress Reduction Theory
(SRT) and Attention Restoration Theory (ART). Both theories can be understood as “a complement to
the study of stress and coping” [59] (p. 41). The SRT by Roger Ulrich posits that natural environments
facilitate restoration and recovery from stress. Restorative outcomes of a nature experience include
reduced physiological arousal, psychological stress, and negative affect, and enhanced positive
affect [60,61]. With regard to resilience, the SRT has been tested to see whether nature can help
with recovery from the after-effects of stress, as well as protect against future stressors. Exposure
to nature after experiencing an acute stressor (e.g., a scary film) results in stress recovery [60,62,63].
However, the evidence is mixed for whether exposure to nature before experiencing an acute stressor
can protect against subsequent stress responses [62,63]. Contact to nature has also been shown to
facilitate restoration and stress recovery in samples experiencing chronic stressors. Access to nature at
work facilitated stress recovery among male employees experiencing work-related stress [64]. The use
of natural environments was found to improve mood and to reduce perceived stress and cortisol levels
for individuals with poor mental health [65].
The ART by Rachel and Stephen Kaplan posits that natural environments contain stimuli that
allow for the restoration of one’s ability to direct or focus attention [47]. Directed attention is an
executive cognitive function, responsible for inhibitory control, and the ability to process information,
plan, and solve problems [66,67]. The ability to direct attention is necessary for, among other things,
fulfilling a task (e.g., writing a report), or for planning and managing behavior (e.g., achieving life
goals) [66,67]. However, this cognitive capacity to direct attention is limited, and can become fatigued
from continuous and prolonged use [47,67], or after sustained psychological or physiological stress
responses to an adverse event [66]. Cognitive and behavioral consequences of directed attention
fatigue include the inability to solve problems, or to cope with stress, impaired perception, impulsive
behavior, and irritability with others [47,66–68]. The restoration of the ability to direct attention
can occur through the use of a mode of attention that does not require any cognitive effort, called
involuntary attention [47,66]. Environments with interesting stimuli will attract involuntary attention,
which can enable the restoration of directed attention. Natural environments are theorized to be
especially good settings for attention restoration, because they contain stimuli that attract involuntary
attention [47,66,69].
According to the ART, there are two stages of a restorative experience [47,70]. The first stage
is attentional recovery, which involves clearing one’s head of various thoughts and tasks, and the
recovery of directed attention [47]. The second stage is reflection, which involves thinking about life
matters, and reflecting on one’s life, goals, and priorities, and how to achieve them [47]. It is through
this second stage of reflection that ART may help to facilitate resilience and post-adversity growth.
Reflection is considered as being crucial for resilience; many resilience interventions train individuals in
reflective cognitive practices [71,72]. Reflection enables one to “take stock” of the traumatic event and
its impact [73] (p. 818), which is necessary for identifying, evaluating, and expressing post-adversity
change [73]. The opportunity to think is a motivation for the use of local urban parks [51]. Wilderness
experiences [47,74] and use of forests [75] and urban parks [49,50] have been shown to foster reflection.
Natural environments can also foster reflection by enabling ‘peak experiences’ that give profound
insights into a significant life issue, and understanding into one’s authentic self [76].
1.3. The Buffering Effect of Natural Environments
If natural environments are a protective factor for resilience, then nature should buffer against the
negative health impacts of adversity [42,43,77]. Protective factors are statistically analyzed as being
moderators [77,78]. A moderating variable changes the strength or direction of an association between
independent and outcome variables [79]. As graphically depicted in Figure 1, a protective factor is a
moderating variable (W) that buffers the effect of a negative independent variable (X) (e.g., adversity)
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Figure 1.
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2. Methods
2.1. Study Design and Participants
Participants were recruited from an observational study investigating the wellbeing benefits of
Walking for Health (WfH) health walks [90]. WfH is an England-wide network of health walk schemes
that regularly provide free, short, led group walks that occur at a moderate pace, and that are open
to all [92]. With 1800 weekly health walks attended by an average of 24,000 walkers [93], WfH is one
of the largest public health interventions for physical activity in the UK [94]. WfH walks occur in a
variety of outdoor environments [20], most of which take place in a setting within nature (e.g., urban
park, countryside park) [24].
The participant inclusion criteria are listed in Table 2. Nature Group Walkers were defined as
regular WfH attendees who took part in at least one WfH walk in a natural environment over the
previous three months. Additional eligibility criterion for Group Walkers was that the main type
of environment for one’s WfH walks was in a natural environment (i.e., natural and semi-natural
places, farmland, green corridor, coastal area, urban green space, or any mixture of the above) [24].
The subsample of Frequent Nature Group Walkers was defined as attending a WfH walk in the natural
environment at least once per week in the previous three months. The Comparison Group was defined
as individuals who had not taken part in any group walk (WfH or otherwise) in the previous nine
months. All participants were recruited from a sampling frame, provided by WfH, of all individuals
who had attended at least one WfH walk, provided an email address, and had gave their consent to be
contacted for evaluations.
Online questionnaires were used to collect data at Time 1 (T1) (baseline mental health), and
three months later at Time 2 (T2) (stressful life events, mental health outcomes and covariates).
Additional health, past physical activity, and demographic data for all participants was obtained
at the participant’s first WfH walk (T0). All participants gave informed consent, were resident in
England, and aged 18 or older. Ethical approval was obtained from De Montfort University’s Human
Research Ethics committee. For more information about participant recruitment and research design,
see Marselle et al. [90].
Table 2. Inclusion criteria for participant groups in the current study.
Group

Nature Group Walkers

Frequent Nature
Group Walkers
Comparison Group

Inclusion Criteria

•
•
•

Attend at least one WfH group walk in the six months prior to T1
Attended at least one WfH walk in the 3-month interim between T1 and T2
Main type of environment for WfH walks was the natural environment (i.e.,
natural and semi-natural places, green corridor, farmland, urban green space,
coastal area, or a mixture of any of the above) between T1 and T2

•
•

Same inclusion criteria as Nature Group Walkers above, and
Attended a WfH group walk in the natural environment at least once per week
in the 3-month interim between T1 and T2

•

Did not attend any group walk (WfH or otherwise) in the six months prior to
T1, nor in the 3-month interim between T1 and T2
Note. WfH = Walking for Health; T1= Time 1; T2 = Time 2.

2.2. Measures
2.2.1. Mental Health Indicators
1.

Perceived stress. The 10-item Perceived Stress Scale [95] assessed how frequently participants
experienced certain stressful thoughts and feelings (e.g., “How often have you felt nervous or
‘stressed’? How often have you felt that you were on top of things”) in the past month, on a
5-point scale (0 = never; 4 = very often). Total scores range from 0 to 40; higher scores indicate
greater psychological stress.
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Depression. The 10-item Major Depressive Inventory [96] assessed how frequently participants
experienced symptoms of depression (e.g., “Have you lost interest in daily activities? Have you
had trouble sleeping at night?”) in the past two weeks, on a 6-point scale (0 = at no time; 5 = all
the time). Total scores range from 0 (no depression) to 50 (extreme depression) [96].
Negative and positive affect. The Positive and Negative Affect Schedule (PANAS) [97] assessed
both negative and positive affect. Participants rated the frequency of experiencing 10 negative
(e.g., upset, guilty) and 10 positive (e.g., interested, excited) emotions in the past two weeks, on a
5-point scale (1 = very slightly or not at all; 5 = extremely). For each subscale, total scores range
from 10 to 50; higher scores demonstrate greater negative or positive affect.
Mental well-being. Participants rated statements on the 14-item Warwick Edinburgh Mental
Well-being Scale [98] in relation to their experiences (e.g., “I’ve been feeling optimistic about the
future; “I’ve been feeling useful”) during the past two weeks, on a 5-point scale (1 = none of the
time; 5 = all of the time). The resulting scores range from 14 to 70; higher scores indicate higher
levels of mental well-being.

2.2.2. Stressful Life Events
Stressful life events have been investigated in previous studies of resilience [30,99,100]. The List of
Threatening Experiences questionnaire (LTE-Q) [101,102] is a self-report questionnaire to determine the
occurrence of experiencing stressful life events. Participants responded to whether they had or had not
experienced each of the following 11 stressful life events in the previous three months: serious illness,
injury or assault to self, serious illness, injury or assault to a close relative, death of a close relative,
death of a family member or other relative, marital separation or relationship breakup, interpersonal
problems, unemployment, unsuccessfully looking for work for more than one month, major financial
crisis, legal problems, or property loss [103]. The LTE-Q was used by van den Berg et al. [84]. Following
van den Berg et al. [84], these data were dichotomized, to assess whether or not a person experienced
one or more stressful life events over the previous three months (0 = No recent stressful life events,
1 = one or more recent stressful life events).
2.2.3. Group Walks in Nature
The hypothesized moderator of the effect of stressful life events in the main sample analyses was
nature group walk participation (0 = Comparison Group, 1 = Nature Group Walkers). The moderator
in the subsample analyses was frequent nature group walk participation (0 = Comparison Group,
1 = Frequent Nature Group Walkers).
2.2.4. Covariates
To address the possibility that it is the walking itself and or the social interaction within a
nature-based group walk that buffers the effects of stressful life events, recent physical activity and
social well-being were assessed. Additional covariates known to influence mental health were also
assessed. All covariates were measured at T2, except for demographic and health data, which were
measured at T0.
1.

2.

Recent physical activity is associated with emotional resilience [104]. The participants’ recent
physical activity was assessed with a single item that asked about the number of days engaging
in 30 minutes of physical activity in the previous week [105]. Responses were recorded on an
8-point scale (0 = 0 days; 7 = 7 days).
Social well-being has been shown to buffer the effect of stressful life events on health [106],
depression [107], and negative affect [40]. To assess whether participants in the two conditions
differed on social well-being, the 10-item Appraisal subscale of the Interpersonal Support
Evaluation List [108] was used. The scale measured the perceived availability of emotional
social support (e.g., “There are several people that I trust to help solve my problems; I feel there
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is no one I can share my most private worries and fears with”). Participants rated how true each
statement was, on a 4-point scale (0 = definitely false; 3 = definitely true). Higher scores indicated
greater emotional social support.
Connection to nature is associated with emotional well-being [109] and positive affect [110],
and it may contribute to group walkers’ mental well-being [111]. To assess group differences,
the Connectedness to Nature scale was used [112]. This 14-item scale assesses participants’
emotional and experiential connections to the natural world (e.g., “I often feel a sense of oneness
with the natural world around me; I often feel disconnected from nature”). Participants are asked
to rate how much they agree with each statement on a 5-point scale (1 = strongly disagree; 5 =
strongly agree). Higher scores reflect greater feelings about one’s connection to nature.
Psychological resiliency is a personal-level protective factor that buffers against the development
of mental illness following adversity [53,54]. It is positively associated with positive mental
health [113–118], and correlated with time spent in nature [119]. To assess group differences on
psychological resiliency, the 10-item Connor-Davidson Resilience Scale (CD-RISC) [120,121] was
used (e.g., “I am able to adapt when changes occur; I tend to bounce back after illness, injury or
other hardships”). Participants were asked to rate how much they agreed with each statement on
a 5-point scale (0 = not true at all; 4 = true nearly all of the time). Higher scores indicate greater
psychological resiliency.
Demographic and health data of participants (measured at T0) included: age, gender, ethnicity,
marital status, highest level of education, and social deprivation [122], as well as whether the
participant was referred to WfH by their general practitioner (GP), health screening conditions
that may affect walking group participation (e.g., pains in the chest when exercising, joint pain),
diagnosed medical condition (e.g., diabetes, heart disease), disability (e.g., physical, sensory),
and past physical activity [123].

2.3. Statistical Analysis
2.3.1. Propensity Score Matching
Due to the observational research design, there were significant differences in demographics,
health, and past stressful life events between the main sample groups (Nature Group Walkers and
Comparison Group) [90], as well as between the subsample groups (Frequent Nature Group Walkers
and Comparison Group). In order to reduce the effect of these confounding variables on the analyses,
propensity score matching (PSM) [124] was used to make the groups comparable. PSM is recommended
to reduce bias in natural experiments [125], and it has been used in public health research investigations
of outdoor physical exercise [126–128]. For both samples, propensity scores were estimated by using
logistic regression, with group walk participation as the outcome variable; predictors included variables
known to affect both participation in a nature-based walking program, and the mental health indicators
(i.e., age, gender, marital status, ethnicity, area deprivation, education, health condition, existing
medical conditions, disability, past physical activity, and past stressful life events) [129–131]. Excluded
from the PSM are all mental health indicators, and any covariates that are affected by participation in a
nature-based walking program (i.e., recent physical activity, social support, connection to nature, and
resilience) [129–131]. Participants were matched using 1:1 nearest-neighbor matching with replacement,
as recommended when there are fewer “control” than “treated” participants [132]. The PSM sample
was assessed statistically, numerically, and graphically, to ensure that the two groups were similar
for the selected covariates after matching. The PSM procedure was performed using the SPSS PSM
plug-in “psmatching” [133].
2.3.2. Analysis
All analyses were performed using IBM SPSS 22.0 (IBM, Armonk, NY, USA), and they were
weighted by the propensity score weight. Chi-square and independent sample t-tests evaluated
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group differences in demographics and health. Group differences on recent physical activity, social
support, connection to nature, and psychological resiliency were also assessed with independent
sample t-tests. Hierarchical multiple regression was used for all buffering analyses; ANCOVA could
not be used, as SPSS rounds propensity score sampling weights to the nearest whole number, thus
omitting the sampling weights [134–136]. Recent stressful life events and group walk participation were
both centered around the mean, in order to reduce multicollinearity with the interaction term [137].
To test whether group walks in nature facilitate resilience, an interaction term was computed by
multiplying the mean-centered recent stressful life events variable by the mean-centered nature group
walk participation variable (i.e., centered recent stressful life events × centered nature group walk
participation) [138–140]. If the interaction term is significant, then moderation is considered to be
present [79], and nature group walks would be considered to buffer the impact of stressful life events.
In all regression analyses, covariates (age, gender, T1 mental health, and recent physical activity)
were entered in the first step. Recent stressful life events, nature group walk participation, and the
interaction term were entered in the second step with the enter method. Regression analyses were run
separately for each mental health indicator. There was no evidence of multicollinearity, and Variance
Inflation Factor (VIF) and Tolerance were within limits [141]. Residuals were normally distributed,
except for depression and negative affect. Because depression and negative affect were positively
skewed, we applied a log-transformation to improve the normal distribution of the residuals. However,
untransformed data were reported when the results for the untransformed data were similar to the
transformed data. Listwise deletion was applied, and significant levels were set at p < 0.05.
3. Results
3.1. Participants
The main study sample, after PSM, comprised 1516 participants (n = 1081 Nature Group Walkers,
n = 435 Comparison Group). The subsample, after PSM, consisted of 937 participants (n = 631 Frequent
Nature Group Walkers, n = 306 Comparison Group). In the main sample, after matching, the only
significant difference between the two groups was for health conditions (Supplementary Table S1).
A greater proportion of the Comparison Group had a health condition (20.5%) than the Nature
Group Walkers (16.2%), X2 (1) = 4.04, p = 0.04; this was subsequently included in the analysis as a
covariate. There were no significant differences between the two groups in the subsample after PSM
(Supplementary Table S2). Both samples (main and subsample) were predominately 55 years or older,
female, of white ethnicity, in a relationship, university-educated and had lived in the least socially
deprived neighborhoods (Supplementary Tables S1 and S2).
3.2. Group Differences for Social Well-Being, Recent Physical Activity, Connectedness to Nature, and
Psychological Resiliency
There were no significant differences for social well-being in both the main sample (p = 0.74)
and the Frequent Nature Group Walkers subsample (p = 0.31) (Supplementary Table S3). Significant
group differences on recent physical activity were found for both the main sample (p < 0.001) and
the Frequent Nature Group Walkers subsample (p < 0.001) (Supplementary Table S3). Nature Group
Walkers and Frequent Nature Group Walkers were engaged in more physical activity in the previous
week, in contrast to the Comparison Groups. For the main sample, there was a significant group
difference for connection to nature (p = 0.04), with a marginally significant difference in psychological
resiliency (p = 0.05) (Supplementary Table S3). Consequently, recent physical activity, connection
to nature, and psychological resiliency were included as covariates in the regression for the main
sample. For the Frequent Nature Group Walkers subsample, there was a significant group difference
for psychological resiliency (p = 0.04), with no significant difference for connection to nature (p = 0.63)
(Supplementary Table S3). Recent physical activity and psychological resiliency were included as
covariates in the analyses for the Frequent Group Walkers subsample.
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3.3. Frequency of Stressful Life Events Experienced by the Group
For the main sample, there was no significant difference in the experience of recent stressful
life
10 of 28
events between the two groups (p = 0.68) (Supplementary Table S4). For the subsample, the Comparison
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3.5. Buffering Effects of Frequent Nature Group Walks—Second Hypothesis
There was no significant interaction of frequent group walks in nature with recent stressful life
events for all five mental health indicators (see Table 5). The impact of recent stressful life events
on mental health was the same for both the Frequent Nature Group Walkers and the Comparison
Group (see Figure 4). As there was no evidence of moderation, a parsimonious (main effects) model,
without the interaction term, was analyzed [142]. Both recent stressful life events and frequent nature
group walks had a significant influence on perceived stress, depression, negative affect, and positive
affect. Experiencing at least one recent stressful life event was associated with an increase in perceived
stress, depression, and negative affect, and a reduction in positive affect (see Table 6) whereas frequent
participation in nature group walks was associated with a reduction in perceived stress, depression,
and negative affect, and an increase in positive affect (see Table 6). The standardized regression
coefficient for frequent nature group walks on depression symptoms (β = −0.115) and positive affect
(β = 0.148) was higher, and in the opposite direction, compared to the regression coefficient for recent
stressful life events on depression (β = 0.096) and positive affect (β = −0.054), suggesting an ‘un-doing’
effect by frequent group walks in nature. Recent stressful life events had a marginally significant
negative influence on mental well-being (β = −0.040, p = 0.06), whilst frequent group walks in nature
had a significant influence on mental well-being in the opposite direction (β = 0.089, p < 0.001).
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Table 3. Moderation results assessing group walks in nature, recent stressful life events, and the interaction term on perceived stress, depression, negative affect,
positive affect, and mental wellbeing. Main sample (n = 1506 a ).
Depression 1

Perceived Stress

Negative Affect 2

Positive Affect

Mental Well-Being

Final Step

B

SE

β

B

SE

β

B

SE

β

B

SE

β

B

SE

β

Baseline outcome
Recent physical activity b
Resiliency
Connectedness to nature
Recent stressful life event c
Group walks in nature d
Recent stressful life event × group walks in nature
R2 for Step 1
Change R2

0.49
−0.05
−0.32
−0.02
1.73
−1.14
−0.28
0.52 ***
0.02 ***

0.02
0.06
0.02
0.02
0.23
0.26
0.51

0.46 ***
−0.01
−0.31 ***
−0.02
0.13 ***
−0.08 ***
−0.01

0.02
−0.01
−0.01
−0.001
0.07
−0.08
0.02
0.38 ***
0.02 ***

0.001
0.003
0.001
0.001
0.01
0.02
0.03

0.43 ***
−0.06 **
−0.22 ***
−0.02
0.11 ***
−0.11 ***
0.02

0.52
−0.08
−0.16
−0.02
1.20
−0.62
−0.04
0.44 ***
0.02 ***

0.02
0.05
0.02
0.01
0.20
0.23
0.45

0.52 ***
−0.03
−0.20 ***
−0.03
0.11 ***
−0.05 **
−0.002

0.43
0.44
0.36
0.09
−0.86
1.78
−0.04
0.51 ***
0.02 ***

0.02
0.07
0.03
0.02
0.27
0.30
0.59

0.42 ***
0.11 ***
0.30 ***
0.10 ***
−0.06 ***
0.11 ***
−0.001

0.48
0.24
0.35
0.05
−0.66
1.17
0.66
0.56 ***
0.01 ***

0.02
0.07
0.03
0.02
0.27
0.30
0.60

0.50 ***
0.06 **
0.28 ***
0.05 **
−0.04 **
0.07 ***
0.02

Note: The final step is shown. In all regression analyses, baseline outcome, recent physical activity, resiliency, and connectedness to nature were entered in the first step. Recent stressful
life events, group walks in nature, and the interaction term were entered in the second step with the enter method. All analyses were controlled for age, gender, and health condition, prior
to the first WfH walk. Recent stressful life events and group walks in nature were centered at their means. Higher scores indicated greater perceived stress, depression, negative affect,
positive affect, or mental well-being. a Propensity-matched sample; analysis weighted by propensity score weight. b Physical activity in the previous week. c Recent stressful life events
experienced in the previous three months: 0 = No stressful life events, 1 = One or more stressful life events. d Group walk participation: 0 = Non-group Walkers, 1 = Nature Group Walkers.
1 Log-transformed data. 2 Untransformed results are reported, as results for the untransformed data were very similar to the log-transformed data. B, standardized coefficient; SE, standard
error; β, standardized coefficient. ** p < 0.01. *** p < 0.001.

Table 4. A main effects model assessing the effect of group walks in nature and recent stressful life events on perceived stress, depression, negative affect, positive
affect, and mental well-being. Main sample (n = 1506 a ).
Depression 1

Perceived Stress
Final Step
Baseline outcome
Recent physical activity b
Resiliency
Connectedness to nature
Recent stressful life event c
Group walks in nature d
R2 for Step 1
Change R2

B
0.49
−0.05
−0.32
−0.02
1.73
−1.14

SE

β

0.02
0.46 ***
0.06
−0.01
0.02
−0.31 ***
0.02
−0.02
0.23
0.13 ***
0.26
−0.08 ***
0.52 ***
0.02 ***

B
0.48
−0.01
−0.01
−0.001
0.07
−0.08

SE

Negative Affect 2
β

0.02
0.50 ***
0.003 −0.06 **
0.001 −0.20 ***
0.001
−0.04
0.01
0.10 ***
0.02
−0.12 ***
0.44 ***
0.02 ***

B
0.52
−0.08
−0.16
−0.02
1.20
−0.62

SE

Positive Affect
β

0.02
0.52 ***
0.05
−0.03
0.02
−0.20 ***
0.01
−0.03
0.20
0.11 ***
0.23
−0.05 **
0.44 ***
0.02 ***

B
0.43
0.44
0.36
0.09
−0.86
1.78

SE
0.02
0.07
0.03
0.02
0.27
0.30
0.51 ***
0.02 ***

Mental Well-Being
β

B

SE

β

0.42 ***
0.11 ***
0.30 ***
0.09 ***
−0.06 ***
0.11 ***

0.48
0.24
0.35
0.05
−0.66
1.17

0.02
0.07
0.03
0.02
0.27
0.30
0.56 ***
0.01 ***

0.50 ***
0.06 **
0.28 ***
0.05 **
−0.04 **
0.07 ***

Note. Final step shown. In all regression analyses, baseline outcome, recent physical activity, resiliency, and connectedness to nature were entered in the first step. Recent stressful life
events and group walks in nature were entered in the second step with the enter method. All analyses controlled for age, gender, and health condition prior to the first WfH walk. Higher
scores indicate greater perceived stress, depression, negative affect, positive affect, or mental well-being. a Propensity-matched sample; analysis weighted by the propensity score weight.
b Physical activity in the previous week. c Recent stressful life events experienced in the previous 3 months: 0 = No stressful life events, 1 = One or more stressful life events. d Group walk
participation: 0 = Non-group Walkers, 1 = Nature Group Walkers. 1 Log-transformed data. 2 Untransformed results are reported, as results for the untransformed data were similar to the
log-transformed data. B, standardized coefficient; SE, standard error; β, standardized coefficient. ** p < 0.01. *** p < 0.001.
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Table 5. Moderation results assessing frequent group walks in nature, recent stressful life events, and the interaction term on perceived stress, depression, negative
affect, positive affect, and mental well-being. Frequent Nature Group Walkers subsample a (n = 930 b ).
Depression 1

Perceived Stress

Final Step
B
Baseline outcome
Recent physical activity c
Resiliency
Recent stressful life events d
Frequent group walks in nature e
Recent stressful life events × Frequent group walks in nature
R2 for Step 1
Change R2

SE

0.44
−0.10
−0.34
1.86
−1.26
−0.20

B

β

0.03
0.42 ***
0.08
−0.03
0.03
−0.34 ***
0.30
0.14 ***
0.32
−0.09 ***
0.62
−0.01
0.52 ***
0.03 ***

0.51
−0.22
−0.20
1.27
−1.60
−0.26

SE

Negative Affect 1
B

β

0.03
0.53 ***
0.08
−0.06 **
0.03
−0.20 ***
0.31
0.10 ***
0.34
−0.12 ***
0.65
−0.01
0.48 ***
0.02 ***

0.51
−0.11
−0.17
1.20
−0.71
−0.25

SE

Positive Affect
β

0.03
0.54 ***
0.07
−0.04
0.02
−0.20 ***
0.25
0.12 ***
0.27
−0.06 **
0.52
−0.01
0.49 ***
0.02 ***

Mental Well-Being

B

SE

β

B

0.53
0.40
0.31
−0.84
2.40
0.94

0.03
0.09
0.03
0.34
0.37
0.73
0.53 ***
0.03 ***

0.50 ***
0.10 ***
0.25 ***
−0.05 *
0.15 ***
0.03

0.48
0.22
0.39
−0.65
1.51
0.84

SE

β

0.03
0.49 ***
0.09
0.05 *
0.04
0.31 ***
0.35
−0.04
0.38
0.09 ***
0.74
0.02
0.57 ***
0.01 ***

Note. Final step shown. In all regression analyses, the baseline outcome, recent physical activity, and resiliency were entered in the first step. Recent stressful life events, frequent group
walks in nature, and the interaction term were entered in the second step with the enter method. All analyses were controlled for age and gender. Recent stressful life events and group
walks in nature were centered at their means. Higher scores indicate greater perceived stress, depression, negative affect, positive affect, or mental well-being. a The Frequent Nature
Group Walkers subsample consists of WfH participants from the main sample who attended a group walk in the natural environment at least once per week in the previous three months.
b Propensity-matched sample; analysis weighted by the propensity score weight. c Physical activity in the previous week. d Recent stressful life events experienced in the previous
three months: 0 = No stressful life events, 1 = One or more stressful life events. e Frequent group walk participation: 0 = Non-group Walkers, 1 = Frequent Nature Group Walkers.
1 Untransformed results are reported, as results for the untransformed data were similar to the log-transformed data. B, standardized coefficient; SE, standard error; β, standardized
coefficient. * p < 0.05. ** p < 0.01. *** p < 0.001.

Table 6. Main effects model assessing frequent group walks in nature and recent stressful life events on perceived stress, depression, negative affect, positive affect,
and mental well-being. Frequent Nature Group Walkers Subsample a (n = 930 b ).
Depression 1

Perceived Stress
Final Step
Baseline outcome
Recent physical activity c
Resiliency
Recent stressful life event d
Frequent group walks in nature e
R2 for Step 1
Change R2

B
0.44
−0.10
−0.34
1.86
−1.26

SE

β

0.03
0.42 ***
0.08
−0.03
0.03
−0.34 ***
0.30
0.14 ***
0.32
−0.09 ***
0.52 ***
0.03 ***

B
0.51
−0.22
−0.20
1.27
−1.60

SE

Negative Affect 1
β

0.03
0.53 ***
0.08
−0.06 **
0.03
−0.20 ***
0.31
0.10 ***
0.34
−0.12 ***
0.48 ***
0.02 ***

B
0.51
−0.11
−0.17
1.20
−0.72

SE

Positive Affect
β

0.03
0.54 ***
0.07
−0.04
0.02
−0.20 ***
0.25
0.12 ***
0.27
−0.07 **
0.49 ***
0.02 ***

B
0.53
0.39
0.31
−0.84
2.42

SE
0.03
0.09
0.03
0.34
0.37
0.53 ***
0.03 ***

Mental Well-Being
β

B

0.50 ***
0.10 ***
0.26 ***
−0.05 *
0.15 ***

0.47
0.21
0.40
−0.65
1.54

SE

β

0.03
0.49 ***
0.09
0.05 *
0.04
0.31 ***
0.35
−0.04
0.38
0.09 ***
0.57 ***
0.01 ***

Note. The final step is shown. In all regression analyses, the baseline outcome, recent physical activity, and resiliency were entered in the first step. Recent stressful life events and frequent
group walks in nature were entered in the second step, with the enter method. All analyses controlled for age and gender. Higher scores indicate greater perceived stress, depression,
negative affect, positive affect, or mental well-being. a The Frequent Nature Group Walkers subsample consists of participants from the main sample who attended a group walk in the
natural environment at least once per week in the previous three months. b Propensity-matched sample; analysis weighted by propensity score weight. c Physical activity in the previous
week. d Recent stressful life events experienced in the previous three months: 0 = No stressful life events, 1 = One or more stressful life events. e Frequent Group walk participation:
0 = Non-group Walkers, 1 = Frequent Nature Group Walkers. 1 Untransformed results are reported, as results for the untransformed data were similar to the log-transformed data. B,
standardized coefficient; SE, standard error; β, standardized coefficient. * p < 0.05. ** p < 0.01. *** p < 0.0001.
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This result fits with van den Berg et al.’s [84], study which found that the amount of green space
near the home did not buffer the effect of recent stressful life events on mental health.
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den Berg et al.’s [84], study which found that the amount of green space near the home did not buffer
the effect of recent stressful life events on mental health.
Main effects were, however, found for both recent stressful life events and nature group walks.
Experiencing at least one stressful life event was associated with an increase in perceived stress,
depression, and negative affect, and a decrease in positive affect and mental well-being. Nature group
walks—and frequent nature group walking—were associated with a reduction in perceived stress,
depression, and negative affect, and an increase in positive affect and mental well-being. Similar
main effect results were also found in Marselle et al. [90]. Contrary to previous literature [85,87],
frequent nature-based group walks did not foster resilience. This pure main effect model suggests
that—irrespective of whether the persons are experiencing stressful events—any group walks in nature,
regardless of frequency, have a beneficial effect on mental health [143]. In other words, walking with
others in nature is beneficial to mental health, but it may not help to buffer the impact of recent stressful
life events.
In both samples, the main effect results suggest that nature group walks can ‘un-do’ or reduce the
effects of recent stressful life events on depression and positive affect. The positive association of nature
group walks and frequent nature group walks on these two aspects of mental health was at a greater
magnitude than the negative association of recent stressful life events. Wardenaar et al. [38] found
an ‘un-doing’ effect in their assessment of the effects of positive life events on depression; positive
life events were associated with a significant decrease in depression at an equal or greater magnitude
than negative life events. Similarly, Childs and de Wit [104] found that people who did regular
exercise showed less of a decline in positive affect when exposed to a stressor than non-exercisers,
suggesting that regular exercisers may be more resistant to the effects of stress on positive affect. Our
‘un-doing’ result suggests that nature group walks may dampen the impact of stressful events on
mental health. To use a metaphor, nature group walks reduce the impact of a bullet, but they do not
provide bulletproof protection. Although, group walks in nature may not be a ‘magic bullet’ for adult
stressful life events—they could be a “stepping stone to recovery” [144] (p. 9).
The Stress Reduction Theory (SRT) provides a useful explanation for the ‘un-doing’ effect found
in this study. According to SRT, natural environments help to facilitate recovery from the after-effects
of stress [60]. Results from laboratory studies have shown that exposure to nature after experiencing an
acute stressor results in physiological stress recovery [60,62,63], yet the evidence is mixed for whether
exposure to nature before experiencing an acute stressor can protect against subsequent physiological
stress responses [62,63]. Our study suggests that individuals who take part in nature-based group
walks exhibit recovery from the after-effects of at least one recent stressful event on mental health.
A possible explanation for the absence of a buffering effect could be the social context of the
group walks themselves. People prefer being alone in nature when they are in need of attentional
recovery [145], and when they are experiencing emotional or cognitive stress [146]. Part of the
reason for why nature can be restorative is the absence of social feedback [146,147]. This is because
social interaction can make demands on directed attention [148], and pull one’s attention away
from the natural environment [146,149]. As such, the presence of others could be a constraint to
restoration [148], which could hinder the opportunity of natural environments to foster resilience.
In other words, walking and talking with others while out in nature could mean that one does not have
the opportunity to regain the capacity to direct attention and to engage in reflection—psychological
experiences which may facilitate resilience. Indeed, previous research has found that the restorative
effects of natural environments are diminished when one is with other people [150–152], and that
being with others in the natural environment negatively influences the likelihood of reflection [148].
Does this mean one needs to be alone in nature for there to be a buffering effect of stressful life
events on mental health? Unfortunately, neither the SRT nor the ART addresses the influence of social
context on psychological restoration [148]. Solo experiences in wilderness result in reflection [47,75,76],
critical self-examination, and reconnection to one’s true self [76], although, this may only occur when
one feels safe in the natural environment. Staats and Hartig [148] found that solitude enhanced both
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attentional recovery and reflection, but only when safety was not a concern. When safety was a concern,
being with others in a natural environment enabled attentional recovery and reflection by providing
feelings of safety [148]. Yet, positive mental health and well-being have been found in people who walk
with others in nature [18,23,90,92,153–156] suggesting that people may be experiencing attentional
recovery and reflection, even when walking with others in nature. This is yet to be investigated. Future
studies investigating the buffering effects of nature-based activities should consider the social context.
4.1. Strengths, Limitations, and Future Directions
This study makes an important contribution to the literature on the use of nature-based group
walks as a public health intervention to foster resilience, as no studies, to date, have investigated
walking as a protective factor of resilience [19,26]. Use of the PSM method improved the ability to
investigate the effect of participation in a national outdoor group walk program on mental health.
The large sample of adults from the general population of England, engaged in a national walking
program, enabled the statistical control of other significant predictors of resilience and well-being, and
sufficient power to detect a small yet significant effect. The actual use of nature on mental health was
measured, as opposed to the presence of green space near the home [84] or images of nature [62].
While the PSM method ensured that there were no significant group differences on measured
covariates, it remains possible that differences existed for unmeasured confounding variables [157].
Although we controlled for the effects of other predictors of well-being and resilience in the regression
model, other explanatory variables could account for group differences. Due to the observational
research design, we are unable to state causality. It could be that individuals who experience
better mental health may be more likely to take part in group walks in nature. Individuals in the
Comparison Group may have other nature exposure opportunities beyond a walking group, which
were not measured in this analysis. This unmeasured exposure to nature could also account for the
non-significant buffering effects found here. As such, future studies of the buffering effect of nature
could investigate all types of nature exposure. While physical activity was controlled for, the current
research design could not separate the effects of the natural environment from the effects of walking.
Future exploration of the buffering effects of nature-based group walks could include a comparison
group that takes part in group walks indoors [25], or in an urban environment [23]. Nature group
walkers were already participating in WfH at the start of this study; thus no measurement of mental
health before the commencement of participation in the nature group walks exists. Longitudinal
research is needed with new group walkers, to examine the buffering effect of nature group walks.
The study took place over the changing seasons; as such, the data may reflect a seasonal effect. However,
walking in a forest in the winter when trees are without leaves has been found to have positive,
restorative effects on well-being [158]. The reliance on self-reported measures may mean that the
estimates of association were inflated; future studies may wish to use physiological measures. Finally,
participants were mostly female, older, white, and affluent; while they are likely to be unrepresentative
of the adult general population living in England, participants were representative of the population
involved in WfH [94].
Future studies of the buffering effect of the actual use of nature could investigate the effects of
nature-based group walks compared to nature-based walks alone. Activities that involve intentional,
more active participation in nature [159], such as horticultural therapy, forestry therapy, or wilderness
therapy, could be formally investigated, to determine whether they foster resilience. Future research
could also investigate whether the actual use of nature could buffer stressful life events by reducing
rumination—prolonged, maladaptive attentional focus on the causes and consequences of one’s
emotions [160,161]. Stopping rumination is important for facilitating recovery from stressful life
events, and preventing mental illness [162]. While walking alone in nature [160,161] and nature-based
group activities like horticultural therapy [162] and group walks in nature [144,153] were found to
reduce rumination, no study has investigated resilience in this context. As psychological resiliency
is often used as an outcome measure in interventions to enhance resilience [26], and resilience is
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correlated with time spent in nature [119], future studies may wish to investigate whether group
nature walks can increase psychological resiliency.
4.2. Implications
Organized group walks enable individuals to visit a natural environment that they may not have
gone to on their own [163,164], thereby enhancing their likelihood of restoration [148]. Whilst the
restorative benefits of being in nature with others might be reduced (compared to being alone) [152],
the results in the present study show there is still a mental health benefit. In this way, national group
walking schemes could be a non-medical community activity to which GPs could provide social
prescriptions [165,166]. Social prescribing to nature-based programs, such as group walks in nature,
gives local commissioners of health services the opportunity to bring people into contact with nature
for mental health benefits [167].
5. Conclusions
This comparison study investigated whether the actual use of nature through group walks could
be used as a nature-based therapy to foster resilience in the general population. No evidence was
found for a buffering or protective effect of group walks in nature from recent stressful life events
on mental health. Main effects were, however, found for both recent stressful life events and nature
group walks. Further, group walks in nature appear to ‘un-do’ or dampen the effects of at least one
stressful life event on depression, positive affect and mental well-being. This suggests that group
walking schemes in natural environments may be an important public health promotion intervention
for mental health.
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