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ARTICLE INFO ABSTRACT

Handling Editor: L. McCunn Growing evidence suggests that engagement in nature-based recreation can improve people’s well-being.

However, there is a lack of information regarding which specific nature-based recreation activities are related

Keywords: to specific well-being indicators. We conducted a cross-sectional study to explore how different types of nature-
S\;"ﬁa‘;ﬁw“h nature based recreation (i.e., any nature-based activities, forest-based activities, gardening, nature-based adventure
ell-being

activities) relate to five indicators of well-being on the WHO-5 index among American (n = 606), Brazilian (n =
448), and Spanish (n = 438) adults. Americans and Brazilians who reported engaging in nature-based recreation
at least monthly in the last 12 months, or weekly during a typical week, were more likely to feel cheerful,
relaxed, vigorous, rested after waking up, and interested in life than those who did not engage that frequently.
Results in these two countries were similar across all five indicators of well-being and types of nature-based
activity, except for gardening, where we observed slightly weaker correlations. In Spain, the correlation be-
tween nature-based recreation and well-being tended to be null or even negative, highlighting some variability in
these relationships across countries. Further cross-country experimental work is needed to support these findings
and identify the relative efficacy of specific nature-based interventions for enhancing human well-being around
the world.

Mental health
Observational study
Prevalence ratio

Improving people’s well-being through physical (Bull et al., 2020)
and mental (Singh et al., 2023) health promotion is a global priority.
This goal is often achieved through behavioral changes (Lundgren et al.,
2021), enhanced social interactions (Hartig, 2021), or improved envi-
ronmental conditions (South, Hohl, Kondo, MacDonald, & Branas,
2018). However, multiple factors can compromise people’s well-being,
including the COVID-19 pandemic (World Health Organization, 2022),
war (Spiegel, Kovtoniuk, & Lewtak, 2023), physical inactivity (Bull
et al., 2020), and environmental problems such as climate change
(Richardson et al., 2023). The prevalence of chronic diseases (Center for
Disease Control and Prevention, 2023) and mental health problems such
as depression and anxiety (World Health Organization, 2022) are also
persistent threats, underscoring the need for innovative and effective
strategies that improve people’s well-being worldwide.

* Corresponding author. Univeristy of Saragossa, Spain.

Participation in nature-based activities as a strategy to improve well-
being is gaining attention from researchers and practitioners for multi-
ple reasons. First, these opportunities are typically free, ubiquitous, and
widely accessible (Hordyk, Hanley, & Richard, 2015). Second, time in
nature has been associated with physical, mental, and social well-being
benefits (Bratman et al., 2019; Hartig, 2021; Hartig, Mitchell, de Vries,
& Frumkin, 2014; James, Christiana, & Battista, 2019; Rosa et al., 2023).
These findings are supported by several theories and frameworks sug-
gesting that activities in nature offer various well-being benefits (e.g.,
Fernee, Gabrielsen, Andersen, & Mesel, 2017; Hartig, 2021; Houge
Mackenzie et al., 2021; S. Kaplan, 1995; Ulrich et al., 1991), including
attention restoration theory (ART, R. Kaplan & Kaplan, 1989) and stress
reduction theory (SRT, Ulrich et al., 1991). Both theories propose that
exposure to nature can help restore depleted resources (e.g., directed
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attention and positive emotions) necessary to deal with everyday de-
mands. Spending time in nature can diminish people’s stress levels
(Mygind et al., 2021), improve their mood (Browning et al., 2020), boost
a sense of getting away from daily worries (Hartig, 2021; Hartig et al.,
2014), and enhance their feelings of calmness and relaxation (Vert et al.,
2020). These benefits are closely related to improved well-being (Topp,
(stergaard, Sgndergaard, & Bech, 2015). In addition, nature-based ac-
tivities can benefit well-being because they usually involve some form of
physical exercise (Rosa et al., 2023; Singh et al., 2023) and social in-
teractions (Hartig, 2021; Jennings & Bamkole, 2019; Rosa et al., 2023),
both of which are positively associated with well-being.

To better understand the relationship between participation in
nature-based activities and people’s well-being, many studies have
compared participation in these activities and average scores from the
WHO (five) Well-Being Index (WHO-5) (Elliott et al., 2023; Jackson,
Stevenson, Larson, Peterson, & Seekamp, 2021a; Jackson et al., 2021a,
Jackson et al., 2021b; Jakstis & Fischer, 2021; Jenkins et al., 2021; van
Lier et al., 2017; Wendtlandt & Wicker, 2021), a tool used around the
world to quickly and accurately assess self-reported, subjective
well-being (Topp et al., 2015). These studies found a positive correlation
between the frequency of participation in nature-based activities and the
WHO-5 index score, indicating that people who engage in nature-based
activities regularly tend to feel better than people who do not. An
improvement in an average WHO-5 score can be observed in a variety of
situations. For instance, it may occur due to improved quality of sleep or
mood. Alternatively, it may be explained because people started doing
things they enjoy. Only a look at the level of the indicators can precisely
explain why the average WHO-5 score was improved. In practice, these
specific improvements can help practitioners select the activities they
will provide to their clients by, for example, selecting an activity asso-
ciated with feeling active and vigorous for an individual who is lacking
vitality (Fried & Nesse, 2015; Kondo et al., 2020; Nguyen, Astell-Burt,
Rahimi-Ardabili, & Feng, 2023). Unfortunately, little is known about
how nature-based activities relate to specific well-being indicators. As
an exception, Vert et al. (2020) found that people are more likely to feel
cheerful, relaxed, vigorous, rested after waking up, and interested in life
when spending time at the beach than when spending the same amount
of time in an urban area or a study room. However, this study focused on
only one type of nature-based activity—walking at the beach—which
limits the generalization of these results to other nature-based activities.

As calls grow to identify the specific types of natural settings and
activities that facilitate positive health outcomes (Coventry et al., 2021;
Twohig-Bennett & Jones, 2018), three kinds of nature-based activities
have received considerable attention from researchers and practitioners
as strategies to improve well-being (Coventry et al., 2021; Harper, Fer-
nee, & Gabrielsen, 2021): forest-based activities, nature-based adven-
tures, and horticultural activities. These activities are typically
recreational because people usually choose to do them during their free
time (Rosa et al., 2023). Forest-based activities comprise conducting
activities in a forested area, such as meditating, walking, or bird-
watching, either alone or in a group (Rosa, Larson, Collado, & Profice,
2021). Nature-based adventures involve any activity that contains ele-
ments of adventure (e.g., challenge, excitement) conducted in a natural
setting (Rosa et al., 2023), such as hiking, camping, surfing, and
mountain climbing. Finally, horticultural activities encompass
gardening-type activities (e.g., planting and taking care of plants), such
as seeding and harvesting (Rosa et al., 2023). In addition to activity type,
there is ongoing debate regarding the duration and intensity of nature
activity engagement needed to impact health in meaningful ways
(Meredith et al., 2020; Shanahan et al., 2016). Furthermore, though
many have analyzed the relationship between nature-based recreation
and health (Bressane et al., 2022; Elliott et al., 2023; Jenkins et al., 2021;
e.g., Ricciardi et al., 2023; Wolsko, Lindberg, & Reese, 2019), few
studies reported results for different countries (Brace et al., 2020; Geiger
et al., 2023; Samus, Freeman, Dickinson, & van Heezik, 2022). For
instance, Geiger et al. (2023) analyzed the association between visits to
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coastal areas and self-reported general health. Among the 15 countries
evaluated, people from Italy and Spain presented the weakest associa-
tion between visits to coastal areas and self-reported general health.
These findings suggest that people from different countries may benefit
differently from nature-based recreation (Geiger et al., 2023).

The current study explored how different types of nature-based ac-
tivities relate to specific WHO-5 well-being indicators across different
countries and timeframes. We examined the following research ques-
tions (RQs):

RQ1: Is participation in any nature-based recreation activity - as well
as specific forest-based activities, nature-based adventure activities,
and gardening associated with well-being?

RQ2: Are there differences in the associations between nature-based
recreation and specific indicators of well-being?

RQ3: Are associations between nature-based recreation and well-
being consistent across U.S.A., Brazilian, and Spanish adults?

RQ4: Are the associations between nature-based recreation across
different timeframes (i.e., last 12 months and typical week) and well-
being consistent?

1. Methods
1.1. Participants

Individuals aged 18 years or older who were capable of responding to
a brief web-based survey were considered eligible for participation in
this study. The survey targeted students from the [blinded for review]
University in the U.S.A. (hereafter, we refer to these participants as
“Americans” to ease the reading) as well as the general population in
Brazil and Spain but participants did not need to reside in one of the
three target countries to participate. These countries were chosen for
convenience and variety (i.e., representing three different continents
and a variety of contexts for nature-based recreation). For example, in
Brazil, beach visits are a popular nature-based activity for people who
have access to beaches; in contrast, participants in the U.S.A. may have
greater opportunities for hiking and forest-based activities (Rosa et al.,
2023). The English version was emailed to a random sample of 5000
undergraduate and 2500 graduate students. Since we lacked access to a
random sample of student emails in Brazil and Spain, we sent emails
with an invitation letter to the authors’ network as well as through
various social media platforms such as WhatsApp, Facebook, and
Instagram. In the invitation, individuals were encouraged to participate
in our survey and to share it with others. We aimed to reach as many
participants as possible to achieve narrower confidence intervals (CIs)
for our estimates; thus, no formal sample size calculation was conducted
(Cumming, 2014). Most participants spent less than 10 min voluntarily
completing our online survey, with the median completion time being
6.7 min.

Across all countries, a total of 1853 individuals clicked on the survey
link. However, five participants were excluded due to being under 18
years old (U.S.A.: n = 1; Brazil: n = 2; Spain: n = 2) or failing to provide
their age. We analyzed the data from participants who completed at
least 96% of the survey, as these individuals only missed the final page
for submitting the completed survey. This resulted in 1492 valid re-
sponses, representing a completion rate of 80.5% among all individuals
who clicked on the survey link (Table 1).

The prevalence of missing data was minimal, with less than 1%
missing on any variable. Across all three survey versions, the typical
participant was a young adult, with an average age of 27.2 years. The
majority of participants were well-educated females, with (close to)
average family incomes compared to others in their respective countries,
and lived in urban areas. In the American and Spanish samples, most
respondents identified as having white or near-white skin tones, while
the majority of Brazilian participants reported having dark or near-dark
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Table 1
Participants’ sociodemographic characteristics.

Variable % Survey language

English Portuguese- Spanish
Brazil
Number of valid responses 606 448 438
Age Mean = 23.7  Mean = 32.7 Mean = 26.4
Range = 18 Range = 18 to Range = 18
to 61 70 to 83
18 to 39 96.7 77.0 89.0
> 40 3.3 23.0 11.0
Gender - - -
Man 42.6 32.8 24.7
Women 54.5 66.1 73.7
Gender variant/Non-confirming 3.0 1.1 0.7
Not listed 0.0 0.0 0.9
Highest education - - -
Secondary (High) school 50.8 30.4 32.8
Vocational school 1.8 3.8 11.2
College or University 27.6 33.9 34.9
Graduate (Master or equivalent) 18.6 22.1 14.4
Doctoral Degree 1.2 9.8 6.7
Family income - - -
Well below average 9.6 5.8 4.1
Slightly below average 16.0 15.8 14.4
Average 30.9 48.2 57.8
Slightly above average 32.8 23.0 21.8
Well above average 10.7 7.1 1.8
Urbanicity - - -
Urban 75.9 90.2 64.8
Rural 17.5 4.5 27.2
Not sure 6.6 5.4 8.0
Skin color - - -
Whiter (2 or less on the NIS Skin ~ 74.8 35.9 80.3
Color Scale)
Darker (3 or more in the NIS 25.2 64.1 19.7
Skin Color Scale)
Country participants were
living
United States of America 99.7 0.4 0.2
Spain 0.0 0.0 98.9
Brazil 0.0 98.2 0.0
Other 0.3 1.3 0.9
Note.

@ Two participants were living in India when they filled in the English survey.

b Two participants were living in Italy, one in Madagascar, and one in France
when they filled in the Spanish survey.

¢ Two participants were living in Peru, one in France, one in Portugal, and one
in the Equator when they filled in the Portuguese-Brazil survey.

skin tones. Only a small number (<1%) of participants in the American
(n = 2), Brazilian (n = 5) and Spanish (n = 4) surveys did not reside in
the U.S.A., Brazil, or Spain at the time of data collection (Table 1).

1.2. Procedure and measures

We conducted a cross-sectional observational study (von Elm et al.,
2007) using an online survey sampling approach. We developed the
online survey using the platform Qualtrics. The study was approved by
the ethics committee at University of Santa Cruz (reference:
CAAE:56750322.0.0000.5526), and all participants provided informed
consent at the beginning of the study. Data collection took place be-
tween February 01 and June 26, 2023.

We collected data on participants’ interaction with nature, their
well-being, and sociodemographic information. The online survey was
designed in English and then translated into Portuguese and Spanish.
Subsequently, we translated the survey back into English and compared
it with the original version. Following this comparison, minor trans-
lation discrepancies were addressed. We then proceeded with interviews
involving potential participants to ensure the comprehensibility of sur-
vey items, and no issues were identified in terms of understanding
(Peterson, Peterson, & Powell, 2017).
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Participation in nature-based recreation: We developed items to assess
participants’ frequency of participation in nature-based recreation based
on previous studies (e.g., Edwards, Duerden, Lizzo, Campbell, & Kam-
per, 2014; Holland et al., 2021). This was done because, to date, there is
no validated instrument to assess participation in specific nature-based
recreational activities. We asked three experts on the effect of contact
with nature on human health to evaluate the first draft of our items, with
special attention to the items’ validity and comprehensibility. Based on
the experts’ feedback, we edited the content of the items until all items
were comprehensible and the response options were appropriate. The
items included a general question about the frequency of participation in
any form of nature-based recreation plus one item for each of three types
of activities: forest-based activities, gardening, and nature-based
adventure (AERA, 2014; Rosa et al., 2023). Before replying to the
questions, participants read the definition of nature-based recreation:
“Nature-based recreation and leisure activities are activities in contact
with nature that you choose to do during your free time”. For each type
of nature-based recreation, we assessed both participation in the past 12
months and participation during a typical week. The question about
participation in these three types of nature-based activities in the past 12
months was as follows: “In the past 12 months, how often have you
engaged in the following activities?” Response options included the
specific activities (i.e., Activities in forested areas, activities related to
gardening, and nature-based adventure activities) and, for each of them,
respondents could choose between I never participated; I rarely partic-
ipated (a few times a year); I sometimes participated (about once a
month); I often participated (several times each month); I very often
participated (pretty much every week). Engagement in these three
nature-based activities during a typical week was assessed with the
following question “On how many days in a typical week do you
participate in the following activities? [For example, if you typically go
to the beach 2 days in a week and garden on 2 different days out of that
same week, your answer would be 4 days.]”. Again, response options
included the three specific activities and, for each one, the response
options were: None (never participate); 1 day; 2 days; 3 days; 4 days; 5
days; 6 days; Every day.

As for the participation in any nature-based recreational activity in
the two timeframes (i.e., during the 12 months and in a typical week),
the questions were the following: “In the past 12 months [in a typical
week], which of the following best describes your participation in ANY
type of nature-based recreation and leisure activities?*. Response op-
tions were similar to the ones described above for the specific nature-
based activities. The complete surveys in English [https://univiepsy.
qualtrics.com/jfe/form/SV_7V5aUWIZsWwEsbY], Portuguese-Brazil
[https://univiepsy.qualtrics.com/jfe/form/SV_ac68XwULUWx3L5I],
and Spanish [https://univiepsy.qualtrics.com/jfe/form/SV_0Ople47
1jMel2WoK] are available online and in Supplementary File 1.

Well-being: The WHO-5 index was used to assess participants’ well-
being (World Health Organization, 1998). This scale has been trans-
lated into more than 30 languages (Topp et al., 2015), including Spanish
and Portuguese-Brazil (Lara-Cabrera, Mundal, & De Las Cuevas, 2020;
Souza & Hidalgo, 2012; World Health Organization, 1998). The validity
and reliability of this instrument have been acknowledged, and the scale
is well-accepted by research participants (Bonnin et al., 2018; Cam-
po-Arias, Miranda-Tapia, Cogollo, & Herazo, 2015; Caycho-Rodriguez,
Ventura-Le6n, Azabache-Alvarado, Reyes-Bossio, & Cabrera-Orosco,
2020; Hall, Krahn, Horner-Johnson, & Lamb, 2011; Lara-Cabrera
et al., 2020; Topp et al., 2015). People replying to the WHO-5 are asked
how they have been feeling over the last two weeks. To do this, they
have to choose the response option that best represents each feeling,
considering: 0 = at no time; 1 = some of the time; 2 = less than half of
the time; 3 = more than half the time; 4 = most of the time; 5 = all the
time (World Health Organization, 1998). The WHO-5 items are posi-
tively worded and relate to mood (i.e., I feel cheerful and in good
spirits), calmness (I feel calm and relaxed), vitality (I feel active and
vigorous), sleep quality (i.e., I wake up feeling fresh and rested), and
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interest in life (i.e., My daily life is filled with things that interest me).

Sociodemographic information: We collected information about par-
ticipants’ age, gender, highest educational level, average family income,
skin color, urbanicity, and country (see Table 1).

1.3. Data analyses

We used descriptive statistics to describe the overall frequency of
nature-based recreation, well-being, and participants’ sociodemo-
graphic information. We then assessed relationships between the fre-
quency of nature-based recreation and WHO-5 well-being indicators
using means as well as a dichotomized approach to facilitate the inter-
pretation of results (von Elm et al., 2007). We dichotomized the fre-
quency of nature-based recreation engagement during the past 12
months into less than monthly (code = 0) and at least monthly (code =
1). We chose this timeframe because engaging in nature-based recrea-
tional activities once per month may be an achievable goal for most
people (Edwards et al., 2014; Holland et al., 2021). A similar logic was
followed to dichotomize the frequency of engagement in nature-based
recreation during a typical week. We used code O for participants who
reported not engaging in nature-based recreational activities at all, and
1 for participants who reported engaging in these activities at least one
day during a typical week. Finally, we used code O for participants who
replied to WHO-5 well-being indicators with “Less than half of the time”
or less frequently and 1 for participants who replied “More than half of
the time” or more frequently. We chose this dichotomization strategy
because, for most of the WHO-5 well-being indicators, approximately
half of the participants were in each of these categories (von Elm et al.,
2007).

We used fixed-effects meta-analyses (Bender et al., 2018) to estimate
the mean difference in each WHO-5 well-being indicator score between
groups dichotomized according to the frequency of participation in
nature-based recreation (as described above). In the meta-analyses, we
considered each sample (i.e., Americans, Brazilians, and Spanish) as a
different study (Higgins et al., 2019). When working with mean differ-
ences, we report results in a standardized metric (Hedges’g) beyond the
raw mean differences to facilitate results interpretation by a wider
audience. Hedges’g may be interpreted similarly to Cohen’s
d (Sawilowsky, 2009): 0.1 = very small, 0.2 = small, 0.5 = medium, 0.8
= large, 1.2 = very large, and 2.0 = huge. We also calculated the dif-
ference in the prevalence of individuals who replied to WHO-5 items
with “More than half of the time” or more frequently (Code 1) according
to nature-based recreation groups, i.e., a Prevalence Ratio (PR),"
(Gnardellis, Notara, Papadakaki, Gialamas, & Chliaoutakis, 2022). We
opted for PRs because they are easier to understand than odds ratios. The
visual inspection of PRs indicates whether a result is statistically sig-
nificant or not (i.e., significant when the estimate does not cross 1). In
addition, p-values are available in Supplementary File 2 and https://osf.
io/3he4p/?view_only=a752c5c55bf647b7aba750c563a4380c). We ran
fixed-effects (instead of random effects) meta-analyses because esti-
mates of statistical heterogeneity are imprecise with very few studies
(Bender et al., 2018; Higgins et al., 2019). Lower overlap among con-
fidence intervals of effect sizes is associated with higher statistical het-
erogeneity (Higgins et al., 2019). So, we examined each estimate and its
confidence intervals when interpreting results (Cumming, 2014).
Inferential analyses were conducted using the free software RevMan
(Review Manager (RevMan) [Computer Program], 2020) and IBM SPSS.

1 prevalence Ratios (PRs) are calculated using the same formulae than Risk
Ratios (RRs). The former term is used in cross-sectional studies and the later in
the longitudinal ones (Gnardellis et al., 2022). The term “Risk Ratio” appears in
the forest plots in Supplementary File 1 because this is the default term used by
the statistical software RevMan.
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2. Results

Across all countries, a minority (6.4%) of respondents indicated that
they had not participated in any nature-based recreation in the past 12
months. Conversely, a majority (74.7%) reported engaging in such ac-
tivities at least once a week during a typical week. When considering the
specific activities assessed in this study, forest-based activities were the
most commonly practiced, followed by nature-based adventure, and
gardening (see Supplementary Tables 1 and 2 in Supplementary File 1
for a detailed description per country).

Concerning well-being, across all countries the average on all WHO-5
well-being indicators was between 2 and 3 suggesting that, during the
two weeks previous to data collection, participants tended to feel
cheerful, calm, vigorous, rested after waking up, and interested in life
about half the time (Supplementary Table 3 in Supplementary File 1). In
general, a small proportion of participants (less than 5%) reported these
feelings “At no time”. It should be noted that the proportion of people
reporting feeling fresh and rested after waking up “At no time” was
considerably greater, 12.5%, than the other well-being indicators (see
Supplementary Table 4 in Supplementary File 1 for a detailed descrip-
tion per country).

2.1. Relationship between nature-based recreation and WHO-5 well-being
indicators

We assessed the difference in WHO-5 well-being indicators mean
scores according to whether participants regularly engaged in nature-
based recreational activities or not (Table 2). Considering pooled data
from the three samples, the WHO-5 mean indicator scores of participants
who engaged at least monthly in nature-based recreation were, on
average, higher than the ones who did not engage that frequently
(Table 2). These differences in WHO-5 mean indicator scores ranged
from —0.14 to —0.56. In a standardized metric (Hedges’ g), these dif-
ferences ranged from —0.12 to —0.46. The mean differences in well-
being across nature engagement groups were consistent in the Amer-
ican and Brazilian samples (Supplementary File 2). However, Spanish
means differences were closer to 0 and, for some well-being indicators (i.
e., feeling calm, active, and rested), the mean differences held the
opposite direction than the one in the Brazilian and American samples
(Supplementary File 2). These differences across countries produced
high statistical heterogeneity in the meta-analyses (i.e., little overlap
among confidence intervals of the estimates, see Supplementary File 2).
Results were similar when considering participation in nature-based
recreational activities on a typical week, indicating that participants
who engaged at least weekly in nature-based recreation reported higher
mean scores on WHO-5 indicators than those who did not engage that
frequently (Table 2). Mean differences ranged from —0.15 to —0.57.
Hedges’g for the typical week timeframe ranged from —0.12 to —0.46. In
the Spanish sample, the mean differences were closer to zero and
sometimes in the opposite direction than in the American and Brazilian
samples (Supplementary File 2). Considering both timeframes, associa-
tions with well-being indicators were slightly stronger for nature-based
adventure and forest-based activities compared to gardening. Differ-
ences tended to vary only slightly across indicators. The same patterns
were not observed in the Spanish sample (Table 2, and Supplementary
File 2).

To enhance the interpretation of the results, we compared the
prevalence of participants who reported feeling “More than half the
time” cheerful, relaxed, vigorous, rested after waking up, and interested
in life, according to monthly and weekly participation in nature-based
recreation (Table 3). The results were similar to those observed using
mean scores. PRs ranged from 1.14 to 1.58. To illustrate, we found a
58% greater prevalence of participants feeling active and vigorous
“More than half the time” among the participants who engaged in
nature-based recreation at least weekly than among those who did not
engage in nature-based activities that frequently. Again, the results from
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Table 2
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Fixed-effects meta-analyses of the mean differences in WHO-5 well-being mean scores (95% CI) according to frequency of participation in nature-based recreation.
Estimates are based on pooled data from the North American, Spanish, and Brazilian samples.

Any nature-based recreational Forest-based Gardening Nature-based adventure
activity
Monthly Weekly Monthly Weekly Monthly Weekly Monthly Weekly
I feel cheerful and in good —0.54 [-0.67, —0.57 [-0.71, —0.42 [-0.55, —0.37 [-0.50, —0.26 [-0.39, —0.22 [-0.35, —0.47 [-0.59, —0.40 [-0.52,
spirits —0.42] —0.43] —0.29] —0.23] —0.13] —0.10] —0.34] —0.28]
I feel calm and relaxed —0.36 [-0.50, —0.45 [-0.59, —0.23 [-0.36, —0.26 [-0.40, —0.28 [-0.42, —0.26 [-0.39, —0.40 [-0.53, —0.30 [-0.43,
—-0.22] —0.30] —0.09] —0.13] —-0.14] —-0.13] —-0.27] —-0.17]
I feel active and vigorous —0.48 [-0.62, —0.46 [-0.61, —0.37 [-0.51, —0.38 [-0.53, —0.14 [-0.28, —0.15 [-0.28, —0.48 [-0.61, —0.42 [-0.55,
—0.34] —0.30] —0.23] —0.24] —0.00] —0.01] —0.34] —0.29]
I wake up feeling fresh and —0.44 [-0.59, —0.50 [-0.65, —0.34 [-0.49, —0.36 [-0.51, —0.38 [-0.53, —0.38 [-0.52, —0.45 [-0.59, —0.39 [-0.53,
rested —0.30] —0.35] —0.19] —0.21] —0.23] —0.24] —0.30] —0.25]
My daily life is filled with —0.56 [-0.69, —0.55 [-0.70, —0.44 [-0.57, —0.38 [-0.52, —0.31 [-0.45, —0.23 [-0.36, —0.38 [-0.51, —0.32 [-0.45,
things that interest me —-0.42] —0.40] —0.30] —0.24] —-0.17] —0.10] —0.24] —-0.19]

Note. ¢ Negative mean differences indicate that participants who engaged in nature-based recreation at least monthly during the past 12 months or weekly during a
typical week held higher WHO-5 well-being mean scores than participants who did not. WHO-5 response options are 0 = at no time; 1 = some of the time; 2 = less than
half of the time; 3 = more than half the time; 4 = most of the time; 5 = all the time. Results are statistically significant when the 95% CI of the estimate does not cross the

0.

Table 3

Results from Fixed-Effects Meta-Analyses Estimating the Prevalence Ratio [95% CI] of WHO-5 Well-Being Indicators According to Frequency of Participation on
Nature-based Recreation. Estimates are based on pooled data from the North American, Spanish, and Brazilian Samples.

Any nature-based recreational Forest-based Gardening Nature-based adventure
activity
Monthly Weekly Monthly Weekly Monthly Weekly Monthly Weekly

I feel cheerful and in good spirits 1.55 [1.37, 1.57 [1.36, 1.39 [1.25, 1.31 [1.17, 1.26 [1.14, 1.22 [1.10, 1.39 [1.26, 1.35[1.22,
1.76] 1.81] 1.56] 1.47] 1.39] 1.34] 1.53] 1.48]

I feel calm and relaxed 1.35[1.18, 1.40 [1.19, 1.25 [1.10, 1.22 [1.07, 1.31 [1.16, 1.24 [1.11, 1.33 [1.18, 1.28 [1.14,
1.54] 1.63] 1.42] 1.40] 1.47] 1.40] 1.50] 1.43]

1 feel active and vigorous 1.50 [1.30, 1.58 [1.33, 1.34 [1.18, 1.31 [1.14, 1.23 [1.09, 1.14 [1.01, 1.49 [1.32, 1.38 [1.23,
1.73] 1.86] 1.53] 1.50] 1.39] 1.28] 1.67] 1.56]

I wake up feeling fresh and rested 1.35 [1.15, 1.43 [1.19, 1.27 [1.09, 1.26 [1.08, 1.32[1.14, 1.31 [1.13, 1.34 [1.16, 1.28 [1.12,
1.59] 1.73] 1.49] 1.48] 1.53] 1.51] 1.54] 1.48]

My daily life is filled with things 1.49 [1.32, 1.50 [1.30, 1.34 [1.20, 1.28 [1.14, 1.26 [1.15, 1.17 [1.06, 1.29 [1.17, 1.21 [1.10,

that interest me 1.69] 1.72] 1.49] 1.43] 1.39] 1.29] 1.42] 1.33]

Note. A Prevalence Ratio greater than 1 indicates that participants who were engaged in nature-based recreational activities at least monthly during the last 12 months
or weekly during a typical week were more likely to feel WHO-5 well-being indicators “More than half the time” than the participants who did not engage in nature-
based recreation that frequently. Results are statistically significant when the 95% CI of the estimate does not cross the 1.

the Spanish sample differed from the results from the American and
Brazilian ones. Among Spanish, the PRs tended to be closer to zero or
even in the opposite direction (see Supplementary File 2).

Finally, because in the Spanish sample, the direction of the differ-
ences in well-being indicators varied to some extent depending on the
well-being indicator, we analyzed the differences in WHO-5 mean index
scores (i.e., the sum of the scores from the five WHO-5 indicators divided
by five). Overall, Americans and Brazilians who engaged in nature-based
recreation at least monthly held a higher mean WHO-5 index score than
the ones who did not engage that frequently (Fig. 1). However, the
difference in mean WHO-5 index scores in Spanish was close to zero and
in some cases in the opposite direction than the American and Brazilian
samples. Results were similar for the weekly timeframe, and the nega-
tive correlation between mean WHO-5 index sum scores and nature-
based recreation in the Spanish sample was even stronger (Fig. 2).
These results are presented in Hedge’s g in Supplementary Figs. 1 and 2
in Supplementary File 1. Similar to what was observed at the level of the
individual indicators, slightly larger differences in WHO-5 index sum
scores were observed in any nature-based recreation, nature-based
adventure, and forest-based activities than in gardening (Figs. 1-3).

Further sensitivity analyses show that choosing different cut-offs
would have provided similar results (see Supplementary Figs. 3 and
4). Americans and Brazilians who engaged in nature-based recreation at
least a few times a year or several times monthly presented better well-
being than Americans and Brazilians who did not engage that
frequently. Again, the results for Spanish were close to 0, indicating no

difference between groups. Additional sensitivity analyses confirmed
that (a) excluding the participants who were not living in their respec-
tive countries at the moment of data collection (Supplementary Table 6
in Supplementary File 1) and (b) controlling for gender, age, income,
and skin color (Supplementary Table 7 in Supplementary File 1) did not
influence the results.

3. Discussion

In this study, we explored the relationship between nature-based
recreation and the WHO-5 well-being indicators among people in
three different countries (U.S.A., Brazil, and Spain). We found a rela-
tively consistent pattern across nature-based activities (any nature-
based recreation, forest-based activities, nature-based adventure, and
gardening) among Americans and Brazilians: More nature-based recre-
ation was associated with higher scores on all WHO-5 well-being in-
dicators (RQ1). Moreover, these correlations are substantial and
consistent across all indicators, since Americans and Brazilians who
engage in nature-based recreation are considerably more likely to feel
cheerful, relaxed, vigorous, rested after waking up, and interested in life
(Table 3; RQ2). These associations were not found in the Spanish sample
(RQ3). The correlations between nature-based recreation and well-being
for both monthly and weekly engagement tended to be slightly stronger
for any type of nature-based recreation, nature-based adventure, and
forest-based activities than for gardening (RQ4). Although these broad
frequencies do not highlight a specific dosage of nature needed to
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Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
English survey 1.94 0488 147 254 0.93 459  31.6% -0.60[-0.78 -0.42] —
Portuguese-Brazil survey 1.84 1 230 286 1.04 26 284% -0.72[-091,-053] —
Spanish survey 254 084 142 247 07 295 401%  0.07 [0.09,0.23] — T
Total (95% CI) 519 970 100.0% -0.37[-0.47,-0.26] "
Heterogeneity: Chi*= 48.57, df= 2 (P < 0.000013; IF = 96% 5_1 _DI - D=5 1=
Testfar averall effect Z=7.10 (F = 0.00001} ) recreation] Favours [Does not engage]
(a) Any nature-based recreation

Does not engage Nature-based recreation Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
English survey 2.04 1 1490 2.585 0.92 415 352% -0.51 [0.68,-0.34] —
Portuguese-Brazil survey 203 1.03 an 2,59 1.1 125 198% -056[078-0.34 —————=—
Spanish survey 254 083 174 2.46 0.68 262 450%  0.08[0.07, 023 —T
Total (95% CI) 685 802 100.0% -0.25[-0.35,-0.16] R
Heterogeneity: Chi®= 35.67, df= 2 (P = 0.00001); F= 94% } ) 1 t

o -0.5 -0.25 0 0.2a 0.4
Testfor overall effect Z=5.02 (F < 0.00001) 5 s recreation] Favours [Does not engage]
(b) Forest-based activities

Does not engage Nature-based recreation Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
English survey e 1 412 2.56 0.9 193 381% -0.25[0.41,-0.09] —
FPortuguese-Brazil survey 202 1M 316 259 113 128 191% -0.47 [-0.80,-0.34] —_—
Spanish survey 249 076 316 2.81 0.7 120 427% -0.02[017,013] —a—
Total (95% CI) 1044 441 100.0% -0.21[-0.31,-0.11] <
Heterogeneity: Chi*=16.16, df= 2 (P = 0.0003), F= 85% E_1 UI 3 : UIS 1:
Testfor overall effect Z= 4.24 (F =< 0.0001) . Favours [ME recreation] Favours [Does not engage]

(¢) Gardening

Does not engage

Nature-based recreation

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

English survey 217 0594 339 2.67 0494 266  3989% -0.50[-0.65, -0.35] ——

Portuguese-Brazil survey 203 1.0 356 23 1.1 87 139% -078[1.04-052] I —

Spanish survey 2581 075 237 248 074 200 462% 0.03[0.11,017] ——

Total (95% CI) 932 553 100.0% -0.29[-0.39,-0.20] -

Heterogeneity: Chi*= 41.67, df= 2 (P < 0.000013; F= 95% 51 —UI.S 3 0?5 1?

Test for averall effect: £=6.04 (P = 0.00001)

Favours [MB recreation] Favours [Does not engage]

(d) Nature-based adventure

Fig. 1. Fixed-Effects Meta-Analyses of the Difference in WHO-5 mean sum-scores (95% CI) According to Monthly Participation in Nature-Based Recreation. Estimates
are Based on Combined Data from the North American, Spanish, and Brazilian Participants. (a) Refers to any Nature-Based Recreational Activity. (b) Refers to Forest-

Based Activities. (c) Refers to Gardening. (d) Refers to Nature-Based Adventure.

Note: WHO-5 response options are 0 = at no time; 1 = some of the time; 2 = less than half of the time; 3 = more than half the time; 4 = most of the time; 5 = all the
time. Results are statistically significant when the 95% CI of the estimate does not cross the 0.

achieve mental health benefits, which has been the goal of other recent
studies (Cox, Shanahan, Hudson, Fuller, & Gaston, 2018; Meredith et al.,
2020), they indicate that regular contact with nature can have health
benefits. Moreover, our analysis suggests that specific types of
nature-based recreation (e.g., nature-based adventure, forest-based ac-
tivities) are more strongly associated with well-being than others. This is
in line with previous studies suggesting the potential of some
nature-based adventure activities (Rosa et al., 2023) and forest-based
activities (Rosa et al., 2021) to improve people’s health. In the context
of the present study, gardening might not be as immersive as
nature-based adventure or forest-based activities (Mygind et al., 2019).
For example, while nature-based adventure or forest-based activities
usually require the person to commute to a natural area away from
home, gardening can be practiced at home or in nearby settings (e.g.,
urban gardens), which can hinder the sense of being away from normal
routines. In turn, gardening can be more accessible, especially when
considering activities that do not require specific gardening tools such as
sowing (Soga, Gaston, & Yamaura, 2017). Thus, when other
nature-based recreation opportunities are not available, gardening
might be a valuable health promotion alternative as confirmed by other
studies (Rosa et al., 2023).

The positive correlation between nature-based recreation and well-

being observed in this study is in line with theories explaining the
health benefits of contact with nature (Fernee et al., 2017; Hartig, 2021;
S. Kaplan, 1995; Ulrich et al., 1991) as well as with randomized trials
documenting similar effects (e.g., Buru et al., 2021; Ghanbari, Jafari,
Bagheri, Neamtolahi, & Shayanpour, 2015; Shin, Shin, & Yeoun, 2012;
Sturm et al., 2012; Vert et al., 2020). Previous studies showed that
contact with nature is linked to positive mood (Browning et al., 2020),
reduced stress (Mygind et al., 2021), feelings of being relaxed and
forgetting about every day’s demands (S. Kaplan, 1995), and feeling
vigorous and with energy (Vert et al., 2020). All of these are closely
related to well-being. If our findings are confirmed by future experi-
mental studies, social and health practitioners may consider providing
or recommending nature-based recreation to improve their clients’
well-being. Nature prescriptions are already gaining traction in many
countries around the world (Nguyen et al., 2023) though they might not
be equally effective across different countries.

The fact that the relationship between nature-based recreation and
well-being in our Spanish sample tended to be null or even negative
warrants further discussion. Similar results were found in a previous
study with Spanish residents of Carmona (Brace et al., 2020). Brace et al.
(2020) found that, on average, individuals who visit greenspaces daily
are more likely to experience depressive symptoms than individuals who
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Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
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Does not engage Nature-based recreation

irecreation] Favours [Does not engage]

Mean Difference Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
English survey 196 0498 154 2.54 0.94 451 31.8% -0.58 [-0.76,-0.40] —

Portuguese-Brazil survey 201 1.04 258 2.44 1.08 186 24.7% -043[0.63,-0.23] . —

Spanish survey 26 078 137 2.45 0.73 298 435%  0.15[0.00,0.30] —
Total (95% CI) 550 935 100.0% -0.23[-0.33,-0.13] TR

Heterogeneity: Chi®=42.78, df= 2 (P = 0.00001); F= 95% t

Testfor averall effect: Z=4.42 (F = 0.0000

(b) Forest-based activities

Does not engage Nature-based recreation

.05 026 0 025 05
[MB recreation] Favours [Does not engage]

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
English survey 229 096 375 2.86 0.9a8 230 36.0% -0.27 [0.43 -0.11] —
Portuguese-Brazil survey 204 1.02 277 2.44 1.13 167  21.0% -0.40[0.61,-0.19] —
Spanish survey 248 075 273 252 0.75 161 43.0% -0.04 [0.19, 0.11] ——
Total (95% CI) 925 558 100.0% -0.20 [-0.29, -0.10] <
Heterogeneity: Chi®= 8.85, df= 2 (P=0.013; F=77% 11 -0:5 3 015 11
Testfor averall effect: Z= 4.06 (F < 0.0001) . Favours [ME recreation] Favours [Does not engage]
(c) Gardening
Does not engage Nature-based recreation Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
English survey 217 083 3 2.65 0.97 284  376% -048[063,-0.33] —
Portuguese-Brazil survey 1.896 0.99 303 2.67 1.1 142 19.2% -0.71 [0.92,-0.50] e —
Spanish survey 261 079 199 2.4 0.7 235 432% 0.21 [0.07, 0.35] ——
Total (95% CI) 823 661 100.0% -0.23[-0.32,-0.13] o
Heterogeneity: Chi*= 67.07, df= 2 (P < 0.000013; F=97% 5_1 _015 : 055 15

Test for averall effect Z=4.75 (P = 0.00001)

Favours [MB recreation] Favours [Does not engage]

(d) Nature-based adventure

Fig. 2. Fixed-Effects Meta-Analyses of the Difference in WHO-5 mean sum-scores (95% CI) According to Weekly Participation in Nature-Based Recreation. Estimates
are Based on Combined Data from the North American, Spanish, and Brazilian Participants. (a) Refers to any Nature-Based Recreational Activity. (b) Refers to Forest-

Based Activities. (c) Refers to Gardening. (d) Refers to Nature-Based Adventure.

Note: WHO-5 response options are 0 = at no time; 1 = some of the time; 2 = less than half of the time; 3 = more than half the time; 4 = most of the time; 5 = all the
time. Results are statistically significant when the 95% CI of the estimate does not cross the 0.

do not engage that frequently. Although our results align with those of
previous studies (Brace et al., 2020; Geiger et al., 2023), we can only
speculate why nature-based recreation does not seem to be related to
well-being in our Spanish sample. It might be that a greater proportion
of Spanish participants than Americans and Brazilians engage in
nature-based recreation to improve some existing health problem (e.g.,
depression or anxiety) making the differences between people who
engage in these activities and the ones who do not engage less accen-
tuated (Rosa et al., 2023). Unfortunately, our study design does not
allow us to attribute the observed differences in the Spanish sample,
compared to Americans and Brazilians, exclusively to the country these
people live in. Notwithstanding, our findings highlight the relevance of
examining the relation or impact of nature-based recreation on health
outcomes by considering different countries separately as we did in the
present study. Moreover, these findings point to the need for future
research exploring the reasons behind this null or even negative corre-
lation between nature-based recreation participation and well-being in
Spain. These findings, do not mean, however, that Spanish people will
not benefit from participating in nature-based recreation. In fact, there is
evidence from both experimental (Vert et al., 2020) and observational
studies (Tomasi, Di Nuovo, & Hidalgo, 2020) that nature-based recrea-
tion can improve well-being among some subgroups of the Spanish

population. Identification of specific subpopulations of Spanish people,
and why they do or do not experience well-being benefits from
nature-based recreation, could be explored in future research.

Because our study was cross-sectional, there are other possible in-
terpretations for the observed patterns of correlations between nature-
based recreation and well-being (Levin, 2006; Sedgwick, 2014; von
Elm et al., 2007). Many studies have recognized a bi-directional rela-
tionship between contact with nature and mental health. This implies
that while engaging in nature-based activities can enhance mental
well-being, individuals with severe mental health issues may avoid
participating in nature-based activities (e.g., Bressane et al., 2022; Bu,
Steptoe, Mak, & Fancourt, 2021). Nevertheless, most studies - including
those with experimental design - support the premise that contact with
nature improves well-being (Bratman et al., 2019; Hartig et al., 2014;
Rosa et al., 2021; Rosa et al., 2023; Rosa et al., 2023). Another limitation
of our study is the use of convenience samples. This means that the
characteristics of our sample may differ substantially from the charac-
teristics of the general population. For example, our Spanish sample
presented a substantially lower well-being mean score compared to the
one observed in Spanish on the 6th European Working Condition Survey
(Sischka, Costa, Steffgen, & Schmidt, 2020). Thus, employing a
non-probabilistic sampling method restricts the applicability of our
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Fig. 3. Comparison of Self-Reported Well-being Scores (WHO-5 Index) for Participants Who Were Engaged, at Least (a) Monthly During the Last 12 Months or (b)
Weekly During a Typical Week, versus those Not Engaged in a Variety of Different Nature-Based Recreation Activities.

Note. Scores represent pooled means for respondents across the United States, Spain, and Brazil (total n ranges from 1483 to 1489). Well-being scores were sta-
tistically higher (p < 0.001) for every type of activity. Error bars are 95% confidence intervals. P-values and CIs were created based on Welch’s t-tests (Delacre,

Lakens, & Leys, 2017).

findings to broader populations, although it does not render it entirely
impossible (Rothman, Gallacher, & Hatch, 2013). The consistent posi-
tive association between nature-based recreation and well-being
observed by previous studies (Elliott et al., 2023; Jackson et al.,
2021a, Jackson et al., 2021b; Jackson et al., 2021a; Jakstis & Fischer,
2021; Jenkins et al., 2021; van Lier et al., 2017; Wendtlandt & Wicker,
2021) suggests that it is unlikely to be predominantly influenced by
specific participants’ characteristics, such as age or gender. Similar re-
sults patterns across our diverse samples support these conclusions,
although the results from our Spanish sample warrant further investi-
gation and explanations. Future research could examine connections
between socio-demographic attributes, contact with nature, and
well-being across diverse contexts. Though we have reported data for
specific cut-offs based on participants’ frequency of contact with nature,
further sensitivity analyses show that choosing different cut-offs would
have warranted similar conclusions. Different results might have been
observed if participants were asked about their frequency of
nature-based recreation during “last week” instead of during a “typical
week” as it refers to different timeframes. Prior researchers have
acknowledged the challenge of measuring participation in nature-based
recreation (Edwards et al., 2014; Holland et al., 2021). Whereas the
reported frequencies of nature-based recreation are unlikely to be
perfectly accurate, they produced plausible associations with well-being
in the present study. Also, weather and seasonal changes might have

influenced people’s well-being and engagement in nature-based recre-
ation (Geiger et al., 2023). These measurement issues could be further
explored in future research that employs more overt measures of time
spent in nature.

3.1. Future research & implications

Given the prevalence of health problems worldwide, our study
highlights the potential value of nature-based interventions as a pre-
ventive strategy or treatment to enhance well-being across countries.
Future studies could build on our results showing that different types
and doses of nature-based activities are linked to the expression of self-
reported well-being indicators across unique countries. More specific
information on dosage (as opposed to dichotomous monthly or weekly
engagement), and a greater variety of nature-based recreation activity
types, could help practitioners and researchers identify customized so-
lutions to match specific country contexts. Future studies can compare
different nature-based activities performed in different types of natural
environments, including walking, meditation, birdwatching, planting,
and surfing. They could also explore how activities within each of our
categories (i.e., forest-based, nature-based adventure, and gardening)
differ in terms of physical activity and social interactions, and whether
these differences, in turn, relate to well-being outcomes. We encourage
researchers to pursue new studies to investigate relationships between
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nature and well-being both at the index score and the indicator level, as
we have done in the present study, to provide insights into what types of
activities improve different aspects of well-being. Although our study
hints at positive associations between nature-based recreation and well-
being across American and Brazilian adults, more research is needed to
identify and implement specific nature-based solutions for addressing
global health challenges.

Declaration of conflict of interest

The authors declare they have no conflict of interest.

Data statement

The files with the data were submitted as supplementary files and
uploaded on a free-access website.

CRediT authorship contribution statement

Claudio D. Rosa: Writing — review & editing, Writing — original
draft, Visualization, Validation, Supervision, Software, Resources,
Project administration, Methodology, Investigation, Funding acquisi-
tion, Formal analysis, Data curation, Conceptualization. Lincoln R.
Larson: Writing — review & editing, Validation, Supervision, Project
administration, Methodology, Investigation, Conceptualization. Silvia
Collado: Writing — review & editing, Visualization, Validation, Super-
vision, Project administration, Methodology, Investigation, Conceptu-
alization. Sandra J. Geiger: Writing — review & editing, Visualization,
Validation, Methodology, Investigation, Conceptualization. Christiana
C. Profice: Writing — review & editing, Validation, Supervision, Project
administration, Methodology, Investigation, Conceptualization. Marcos
R.T.P. Menuchi: Writing - review & editing, Validation, Supervision,
Methodology, Investigation, Conceptualization.

Acknowledgments

The authors thank the three experts on the effect of contact with
nature on human health who evaluated the first draft of our question-
naire items and all the participants and people who collaborated with
the development and divulgation of the online survey.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jenvp.2024.102438.

References

Aera, A. P. A., & Ncme. (2014). Standards for educational and psychological testing. In
American educational research association (AERA), American psychological association
(APA), national council on measurement in education (NCME). American Educational
Research Association.

Bender, R., Friede, T., Koch, A., Kuss, O., Schlattmann, P., Schwarzer, G., et al. (2018).
Methods for evidence synthesis in the case of very few studies. Research Synthesis
Methods. https://doi.org/10.1002/jrsm.1297

Bonnin, C. M., Yatham, L. N., Michalak, E. E., Martinez-Aran, A., Dhanoa, T., Torres, L.,
et al. (2018). Psychometric properties of the well-being index (WHO-5) Spanish
version in a sample of euthymic patients with bipolar disorder. Journal of Affective
Disorders, 228, 153-159. https://doi.org/10.1016/j.jad.2017.12.006

Brace, O., Garrido-Cumbrera, M., Foley, R., Correa-Fernandez, J., Suarez-Caceres, G., &
Lafortezza, R. (2020). Is a view of green spaces from home associated with a lower
risk of anxiety and depression? International Journal of Environmental Research and
Public Health, 17(19), 1-9. https://doi.org/10.3390/ijerph17197014

Bratman, G. N., Anderson, C. B., Berman, M. G., Cochran, B., de Vries, S., Flanders, J.,
et al. (2019). Nature and mental health: An ecosystem service perspective. Science
Advances, 5(7), eaax0903. https://doi.org/10.1126/sciadv.aax0903

Bressane, A., Negri, R. G., de Brito Junior, I., Medeiros, L. C. de C., Aradjo, L. L. L.,
Silva, M. B, et al. (2022). Association between contact with nature and anxiety,
stress and depression symptoms: A primary survey in Brazil. Sustainability, 14(17),
1-10. https://doi.org/10.3390/5u141710506

Journal of Environmental Psychology 99 (2024) 102438

Browning, M. H. E. M., Shipley, N., McAnirlin, O., Becker, D., Yu, C.-P., Hartig, T., et al.
(2020). An actual natural setting improves mood better than its virtual counterpart:
A meta-analysis of experimental data. Frontiers in Psychology, 11, 1-12. https://doi.
org/10.3389/fpsyg.2020.02200

Bu, F., Steptoe, A., Mak, H. W., & Fancourt, D. (2021). Time use and mental health in UK
adults during an 11-week COVID-19 lockdown: A panel analysis. The British Journal
of Psychiatry, 219(4), 551-556. https://doi.org/10.1192/bjp.2021.44

Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G., et al.
(2020). World Health Organization 2020 guidelines on physical activity and
sedentary behaviour. British Journal of Sports Medicine, 54(24), 1451-1462. https://
doi.org/10.1136/bjsports-2020-102955

Buru, T., Kallay, E., Olar, L. E., Stefan, R., Cantor, M., Papuc, L, et al. (2021). Studies
regarding the influence of therapeutic horticulture on the human-nature relationship
and the increase of well-being. Acta Horticulturae, 1330, 75-86. https://doi.org/
10.17660/ActaHortic.2021.1330.10

Campo-Arias, A., Miranda-Tapia, G. A., Cogollo, Z., & Herazo, E. (2015).
Reproducibilidad del Indice de Bienestar General (WHO-5 WBI) en estudiantes
adolescentes. Salud Uninorte, 31(1), 18-24.

Caycho-Rodriguez, T., Ventura-Ledn, J., Azabache-Alvarado, K., Reyes-Bossio, M., &
Cabrera-Orosco, 1. (2020). Validez e invariancia factorial del Indice de Bienestar
General (WHO-5 WBI) en universitarios peruanos. Revista Ciencias de la Salud, 18(3),
1-15. https://doi.org/10.12804/revistas.urosario.edu.co/revsalud/a.9797

Center for Disease Control and Prevention. (2023). Type 2 diabetes. https://www.cdc.
gov/diabetes/basics/type2.html.

Coventry, P. A., Brown, J. E., Pervin, J., Brabyn, S., Pateman, R., Breedvelt, J., et al.
(2021). Nature-based outdoor activities for mental and physical health: Systematic
review and meta-analysis. SSM - Population Health, 16(100934), 1-14. https://doi.
org/10.1016/j.ssmph.2021.100934

Cox, D. T. C., Shanahan, D. F., Hudson, H. L., Fuller, R. A., & Gaston, K. J. (2018). The
impact of urbanisation on nature dose and the implications for human health.
Landscape and Urban Planning, 179, 72-80. https://doi.org/10.1016/j.
landurbplan.2018.07.013

Cumming, G. (2014). The new statistics: Why and how. Psychological Science, 25(1),
7-29. https://doi.org/10.1177/0956797613504966

Delacre, M., Lakens, D., & Leys, C. (2017). Why psychologists should by default use
Welch’s t-test instead of Student’s t-test. International Review of Social Psychology, 30
(1), 92. https://doi.org/10.5334/irsp.82

Edwards, M. B., Duerden, M. D., Lizzo, R. D., Campbell, K. S., & Kamper, L. M. (2014).
Youth time outside: A comparison of time use methodologies. Journal of Leisure
Research, 46(5), 635-643. https://doi.org/10.1080/00222216.2014.11950346

Elliott, L. R., Pasanen, T., White, M. P., Wheeler, B. W., Grellier, J., Cirach, M., et al.
(2023). Nature contact and general health: Testing multiple serial mediation
pathways with data from adults in 18 countries. Environment International, 178
(108077), 1-18. https://doi.org/10.1016/j.envint.2023.108077

Fernee, C. R., Gabrielsen, L. E., Andersen, A. J. W., & Mesel, T. (2017). Unpacking the
black box of wilderness therapy. Qualitative Health Research, 27(1), 114-129.
https://doi.org/10.1177/1049732316655776

Fried, E. I., & Nesse, R. M. (2015). Depression sum-scores don’t add up: Why analyzing
specific depression symptoms is essential. BMC Medicine, 13(1), 72. https://doi.org/
10.1186/512916-015-0325-4

Geiger, S. J., White, M. P., Davison, S. M. C., Zhang, L., McMeel, O., Kellett, P., et al.
(2023). Coastal proximity and visits are associated with better health but may not
buffer health inequalities. Communications Earth & Environment, 4(166), 1-9. https://
doi.org/10.1038/543247-023-00818-1

Ghanbari, S., Jafari, F., Bagheri, N., Neamtolahi, S., & Shayanpour, R. (2015). Study of
the effect of using purposeful activity (gardening) on depression of female resident in
Golestan Dormitory of Ahvaz Jundishapur University of Medical Sciences. Journal of
Rehabilitation Sciences & Research, 2(1), 8-11. https://doi.org/10.30476/
JRSR.2015.41066

Gnardellis, C., Notara, V., Papadakaki, M., Gialamas, V., & Chliaoutakis, J. (2022).
Overestimation of relative risk and prevalence Ratio: Misuse of logistic modeling.
Diagnostics, 12(2851), 1-10. https://doi.org/10.3390/diagnostics12112851

Hall, T., Krahn, G. L., Horner-Johnson, W., & Lamb, G. (2011). Examining functional
content in widely used Health-Related Quality of Life scales. Rehabilitation
Psychology, 56(2), 94-99. https://doi.org/10.1037/a0023054

Harper, N. J., Fernee, C. R., & Gabrielsen, L. E. (2021). Nature’s role in outdoor
therapies: An umbrella review. International Journal of Environmental Research and
Public Health, 18(10), 5117. https://doi.org/10.3390/ijerph18105117

Hartig, T. (2021). Restoration in nature: Beyond the conventional narrative. In
A. R. Schutte, J. Torquati, & J. R. Stevens (Eds.), Nature and psychology: Biological,
cognitive, developmental, and social pathways to well-being. Springer.

Hartig, T., Mitchell, R., de Vries, S., & Frumkin, H. (2014). Nature and health. Annual
Review of Public Health, 35(1), 207-228. https://doi.org/10.1146/annurev-
publhealth-032013-182443

Higgins, J. P. T., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. J., et al. (Eds.).
(2019). Cochrane handbook for systematic reviews of interventions (2nd ed.). John
Wiley & Sons.

Holland, 1., DeVille, N. V., Browning, M. H. E. M., Buehler, R. M., Hart, J. E., Hipp, J. A.,
et al. (2021). Measuring nature contact: A narrative review. International Journal of
Environmental Research and Public Health, 18(4092). https://doi.org/10.3390/
ijerph18084092

Hordyk, S. R., Hanley, J., & Richard, E. (2015). “Nature is there; its free”: Urban
greenspace and the social determinants of health of immigrant families. Health &
Place, 34, 74-82. https://doi.org/10.1016/j.healthplace.2015.03.016


https://doi.org/10.1016/j.jenvp.2024.102438
https://doi.org/10.1016/j.jenvp.2024.102438
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref1
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref1
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref1
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref1
https://doi.org/10.1002/jrsm.1297
https://doi.org/10.1016/j.jad.2017.12.006
https://doi.org/10.3390/ijerph17197014
https://doi.org/10.1126/sciadv.aax0903
https://doi.org/10.3390/su141710506
https://doi.org/10.3389/fpsyg.2020.02200
https://doi.org/10.3389/fpsyg.2020.02200
https://doi.org/10.1192/bjp.2021.44
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.17660/ActaHortic.2021.1330.10
https://doi.org/10.17660/ActaHortic.2021.1330.10
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref11
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref11
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref11
https://doi.org/10.12804/revistas.urosario.edu.co/revsalud/a.9797
https://www.cdc.gov/diabetes/basics/type2.html
https://www.cdc.gov/diabetes/basics/type2.html
https://doi.org/10.1016/j.ssmph.2021.100934
https://doi.org/10.1016/j.ssmph.2021.100934
https://doi.org/10.1016/j.landurbplan.2018.07.013
https://doi.org/10.1016/j.landurbplan.2018.07.013
https://doi.org/10.1177/0956797613504966
https://doi.org/10.5334/irsp.82
https://doi.org/10.1080/00222216.2014.11950346
https://doi.org/10.1016/j.envint.2023.108077
https://doi.org/10.1177/1049732316655776
https://doi.org/10.1186/s12916-015-0325-4
https://doi.org/10.1186/s12916-015-0325-4
https://doi.org/10.1038/s43247-023-00818-1
https://doi.org/10.1038/s43247-023-00818-1
https://doi.org/10.30476/JRSR.2015.41066
https://doi.org/10.30476/JRSR.2015.41066
https://doi.org/10.3390/diagnostics12112851
https://doi.org/10.1037/a0023054
https://doi.org/10.3390/ijerph18105117
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref27
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref27
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref27
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.1146/annurev-publhealth-032013-182443
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref29
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref29
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref29
https://doi.org/10.3390/ijerph18084092
https://doi.org/10.3390/ijerph18084092
https://doi.org/10.1016/j.healthplace.2015.03.016

C.D. Rosa et al.

Houge Mackenzie, S., Hodge, K., & Filep, S. (2021). How does adventure sport tourism
enhance well-being? A conceptual model. Tourism Recreation Research, 1-14. https://
doi.org/10.1080/02508281.2021.1894043

Jackson, S. B., Stevenson, K. T., Larson, L. R., Peterson, M. N., & Seekamp, E. (2021a).
Outdoor activity participation improves adolescents’ mental health and well-being
during the COVID-19 pandemic. International Journal of Environmental Research and
Public Health, 18(2506), 1-18. https://doi.org/10.3390/ijerph18052506

Jackson, S. B., Stevenson, K. T., Larson, L. R., Peterson, M. N., & Seekamp, E. (2021b).
Connection to nature boosts adolescents’ mental well-being during the COVID-19
pandemic. Sustainability, 13(12297), 1-24. https://doi.org/10.3390/s5u132112297

Jakstis, K., & Fischer, L. K. (2021). Urban nature and public health: How nature exposure
and sociocultural background relate to depression risk. International Journal of
Environmental Research and Public Health, 18(9689), 1-18. https://doi.org/10.3390/
ijerph18189689

James, J. J., Christiana, R. W., & Battista, R. A. (2019). A historical and critical analysis
of park prescriptions. Journal of Leisure Research. https://doi.org/10.1080/
00222216.2019.1617647

Jenkins, M., Houge Mackenzie, S., Hodge, K., Hargreaves, E. A,, Calverley, J. R., & Lee, C.
(2021). Physical activity and psychological well-being during the COVID-19
lockdown: Relationships with motivational quality and nature contexts. Frontiers in
Sports and Active Living, 3(637576), 1-11. https://doi.org/10.3389/
fspor.2021.637576

Jennings, V., & Bamkole, O. (2019). The relationship between social cohesion and urban
green space: An avenue for health promotion. International Journal of Environmental
Research and Public Health, 16(3), 1-14. https://doi.org/10.3390/ijerph16030452

Kaplan, S. (1995). The restorative benefits of nature: Toward an integrative framework.
Journal of Environmental Psychology, 15(3), 169-182. https://doi.org/10.1016/0272-
4944(95)90001-2

Kaplan, R., & Kaplan, S. (1989). The experience of nature: A psychological perspective.
Cambridge University Press.

Kondo, M. C., Oyekanmi, K. O., Gibson, A., South, E. C., Bocarro, J., & Hipp, J. A. (2020).
Nature prescriptions for health: A review of evidence and research opportunities.
International Journal of Environmental Research and Public Health, 17(12). https://doi.
org/10.3390/ijerph17124213

Lara-Cabrera, M. L., Mundal, I. P., & De Las Cuevas, C. (2020). Patient-reported well-
being: Psychometric properties of the world health organization well-being index in
specialised community mental health settings. Psychiatry Research, 291, Article
113268. https://doi.org/10.1016/j.psychres.2020.113268

Levin, K. A. (2006). Study design III: Cross-sectional studies. Evidence-Based Dentistry, 7
(1), 24-25. https://doi.org/10.1038/sj.ebd.6400375

Lundgren, J. R., Janus, C., Jensen, S. B. K., Juhl, C. R., Olsen, L. M., Christensen, R. M.,
et al. (2021). Healthy weight loss maintenance with exercise, liraglutide, or both
combined. New England Journal of Medicine, 384(18), 1719-1730. https://doi.org/
10.1056/NEJM0a2028198

Meredith, G. R., Rakow, D. A., Eldermire, E. R. B., Madsen, C. G., Shelley, S. P., &
Sachs, N. A. (2020). Minimum time dose in nature to positively impact the mental
health of college-aged students, and how to measure it: A scoping review. Frontiers in
Psychology, 10, 1-16. https://doi.org/10.3389/fpsyg.2019.02942

Mygind, L., Kjeldsted, E., Hartmeyer, R. D., Mygind, E., Bglling, M., & Bentsen, P. (2019).
Immersive nature-experiences as health promotion interventions for healthy,
vulnerable, and sick populations? A systematic review and appraisal of controlled
studies. Frontiers in Psychology, 10. https://doi.org/10.3389/fpsyg.2019.00943

Mygind, L., Kjeldsted, E., Hartmeyer, R., Mygind, E., Stevenson, M. P., Quintana, D. S.,
et al. (2021). Effects of public green space on acute psychophysiological stress
response: A systematic review and meta-analysis of the experimental and quasi-
experimental evidence. Environment and Behavior, 53(2), 184-226. https://doi.org/
10.1177/0013916519873376

Nguyen, P.-Y., Astell-Burt, T., Rahimi-Ardabili, H., & Feng, X. (2023). Effect of nature
prescriptions on cardiometabolic and mental health, and physical activity: A
systematic review. The Lancet Planetary Health, 7(4), e313-e328. https://doi.org/
10.1016/52542-5196(23)00025-6

Peterson, C. H., Peterson, N. A., & Powell, K. G. (2017). Cognitive interviewing for item
development: Validity evidence based on content and response processes.
Measurement and Evaluation in Counseling and Development, 50(4), 217-223. https://
doi.org/10.1080/07481756.2017.1339564

Review manager (RevMan) [computer program] (5.4.1). (2020). The Cochrane
Collaboration.

Ricciardi, E., Spano, G., Tinella, L., Lopez, A., Clemente, C., Bosco, A., et al. (2023).
Perceived social support mediates the relationship between use of greenspace and
geriatric depression: A cross-sectional study in a sample of south-Italian older adults.
International Journal of Environmental Research and Public Health, 20(5540), 1-11.
https://doi.org/10.3390/ijerph20085540

Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornell, S. E., Donges, J. F., et al.
(2023). Earth beyond six of nine planetary boundaries. Science Advances, 9(37),
1-16. https://doi.org/10.1126/sciadv.adh2458

Rosa, C. D., Chaves, T. S., Collado, S., & Harper, N. J. (2023). Improving the analysis and
reporting of studies of nature-based adventure interventions: A review of studies
published in JAEOL. Journal of Adventure Education and Outdoor Learning, 1-20.
https://doi.org/10.1080/14729679.2023.2196638

Rosa, C. D., Chaves, T. S., Collado, S., Larson, L. R., Lee, K. J., & Profice, C. C. (2023).
Horticultural interventions may reduce adults’ depressive symptoms: A systematic
review of randomized controlled trials. Journal of Environmental Psychology. https://
doi.org/10.1016/j.jenvp.2023.102112

Rosa, C. D., Chaves, T. S., Collado, S., Larson, L. R., & Profice, C. C. (2023). The effect of
nature-based adventure interventions on depression: A systematic review.
Environment and Behavior, 1-35. https://doi.org/10.1177/00139165231174615

10

Journal of Environmental Psychology 99 (2024) 102438

Rosa, C. D, Fried, E. I, Larson, L. R., & Collado, S. (2023). Four challenges for
measurement in environmental psychology, and how to address them. Journal of
Environmental Psychology, 85(101940). https://doi.org/10.1016/j.
jenvp.2022.101940

Rosa, C. D., Larson, L. R., Collado, S., Cloutier, S., & Profice, C. C. (2023). Gender
differences in connection to nature, outdoor preferences, and nature-based
recreation among college students in Brazil and the United States. Leisure Sciences, 45
(2), 135-155. https://doi.org/10.1080,/01490400.2020.1800538

Rosa, C. D., Larson, L. R., Collado, S., & Profice, C. C. (2021). Forest therapy can prevent
and treat depression: Evidence from meta-analyses. Urban Forestry and Urban
Greening, 57, Article 126943. https://doi.org/10.1016/j.ufug.2020.126943

Rothman, K. J., Gallacher, J. E., & Hatch, E. E. (2013). Why representativeness should be
avoided. International Journal of Epidemiology, 42(4), 1012-1014. https://doi.org/
10.1093/ije/dys223

Samus, A., Freeman, C., Dickinson, K. J. M., & van Heezik, Y. (2022). Relationships
between nature connectedness, biodiversity of private gardens, and mental well-
being during the Covid-19 lockdown. Urban Forestry and Urban Greening, 69
(127519), 1-9. https://doi.org/10.1016/j.ufug.2022.127519

Sawilowsky, S. S. (2009). New effect size rules of thumb. Journal of Modern Applied
Statistical Methods, 8(2), 597-599. https://doi.org/10.22237 /jmasm/1257035100

Sedgwick, P. (2014). Cross sectional studies: Advantages and disadvantages. BMJ, 348
(mar26 2), g2276. https://doi.org/10.1136/bmj.g2276. g2276.

Shanahan, D. F., Bush, R., Gaston, K. J., Lin, B. B., Dean, J., Barber, E., et al. (2016).
Health benefits from nature experiences depend on dose. Scientific Reports, 6(28551).
https://doi.org/10.1038/srep28551

Shin, W. S., Shin, C. S., & Yeoun, P. S. (2012). The influence of forest therapy camp on
depression in alcoholics. Environmental Health and Preventive Medicine, 17(1), 73-76.
https://doi.org/10.1007/512199-011-0215-0

Singh, B., Olds, T., Curtis, R., Dumuid, D., Virgara, R., Watson, A., et al. (2023).
Effectiveness of physical activity interventions for improving depression, anxiety and
distress: An overview of systematic reviews. British Journal of Sports Medicine, 57(18),
1203-1209. https://doi.org/10.1136/bjsports-2022-106195

Sischka, P. E., Costa, A. P., Steffgen, G., & Schmidt, A. F. (2020). The WHO-5 well-being
index — validation based on item response theory and the analysis of measurement
invariance across 35 countries. Journal of Affective Disorders Reports, 1. https://doi.
org/10.1016/j.jadr.2020.100020

Soga, M., Gaston, K. J., & Yamaura, Y. (2017). Gardening is beneficial for health: A meta-
analysis. Preventive Medicine Reports, 5, 92-99. https://doi.org/10.1016/j.
pmedr.2016.11.007

South, E. C., Hohl, B. C., Kondo, M. C., MacDonald, J. M., & Branas, C. C. (2018). Effect of
greening vacant land on mental health of community-dwelling adults. JAMA
Network Open, 1(3). https://doi.org/10.1001/jamanetworkopen.2018.0298

Souza, C. M. de, & Hidalgo, M. P. L. (2012). World health organization 5-item well-being
index: Validation of the Brazilian Portuguese version. European Archives of Psychiatry
and Clinical Neuroscience, 262(3), 239-244. https://doi.org/10.1007/s00406-011-
0255-x

Spiegel, P. B., Kovtoniuk, P., & Lewtak, K. (2023). The war in Ukraine 1 year on: The
need to strategise for the long-term health of Ukrainians. The Lancet, 401(10377),
622-625. https://doi.org/10.1016/5S0140-6736(23)00383-5

Sturm, J., Ploderl, M., Fartacek, C., Kralovec, K., Neunhéuserer, D., Niederseer, D., et al.
(2012). Physical exercise through mountain hiking in high-risk suicide patients. A
randomized crossover trial. Acta Psychiatrica Scandinavica, 126(6), 467-475. https://
doi.org/10.1111/j.1600-0447.2012.01860.x

Tomasi, S., Di Nuovo, S., & Hidalgo, M. C. (2020). Environment and mental health:
Empirical study on the relationship between contact with nature and symptoms of
anxiety and depression. PsyEcology, 11(3), 319-341. https://doi.org/10.1080/
21711976.2020.1778388

Topp, C. W., @stergaard, S. D., S¢gndergaard, S., & Bech, P. (2015). The WHO-5 well-
being index: A systematic review of the literature. Psychotherapy and Psychosomatics,
84(3), 167-176. https://doi.org/10.1159/000376585

Twohig-Bennett, C., & Jones, A. (2018). The health benefits of the great outdoors: A
systematic review and meta-analysis of greenspace exposure and health outcomes.
Environmental Research, 166, 628-637. https://doi.org/10.1016/j.
envres.2018.06.030

Ulrich, R. S., Simons, R. F., Losito, B. D., Fiorito, E., Miles, M. A., & Zelson, M. (1991).
Stress recovery during exposure to natural and urban environments. Journal of
Environmental Psychology, 11(3), 201-230. https://doi.org/10.1016/50272-4944
(05)80184-7

van Lier, L. E., Utter, J., Denny, S., Lucassen, M., Dyson, B., & Clark, T. (2017). Home
gardening and the health and well-being of adolescents. Health Promotion Practice, 18
(1), 34-43. https://doi.org/10.1177/1524839916673606

Vert, C., Gascon, M., Ranzani, O., Marquez, S., Triguero-Mas, M., Carrasco-Turigas, G.,
et al. (2020). Physical and mental health effects of repeated short walks in a blue
space environment: A randomised crossover study. Environmental Research, 188,
Article 109812. https://doi.org/10.1016/j.envres.2020.109812

von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Ggtzsche, P. C., &
Vandenbroucke, J. P. (2007). The strengthening the reporting of observational
studies in epidemiology (STROBE) statement: Guidelines for reporting observational
studies. Annals of Internal Medicine, 147(8), 573. https://doi.org/10.7326,/0003-
4819-147-8-200710160-00010

Wendtlandt, M., & Wicker, P. (2021). The effects of sport activities and environmentally
sustainable behaviors on subjective well-being: A comparison before and during
COVID-19. Frontiers in Sports and Active Living, 3, 1-14. https://doi.org/10.3389/
fspor.2021.659837


https://doi.org/10.1080/02508281.2021.1894043
https://doi.org/10.1080/02508281.2021.1894043
https://doi.org/10.3390/ijerph18052506
https://doi.org/10.3390/su132112297
https://doi.org/10.3390/ijerph18189689
https://doi.org/10.3390/ijerph18189689
https://doi.org/10.1080/00222216.2019.1617647
https://doi.org/10.1080/00222216.2019.1617647
https://doi.org/10.3389/fspor.2021.637576
https://doi.org/10.3389/fspor.2021.637576
https://doi.org/10.3390/ijerph16030452
https://doi.org/10.1016/0272-4944(95)90001-2
https://doi.org/10.1016/0272-4944(95)90001-2
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref40
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref40
https://doi.org/10.3390/ijerph17124213
https://doi.org/10.3390/ijerph17124213
https://doi.org/10.1016/j.psychres.2020.113268
https://doi.org/10.1038/sj.ebd.6400375
https://doi.org/10.1056/NEJMoa2028198
https://doi.org/10.1056/NEJMoa2028198
https://doi.org/10.3389/fpsyg.2019.02942
https://doi.org/10.3389/fpsyg.2019.00943
https://doi.org/10.1177/0013916519873376
https://doi.org/10.1177/0013916519873376
https://doi.org/10.1016/S2542-5196(23)00025-6
https://doi.org/10.1016/S2542-5196(23)00025-6
https://doi.org/10.1080/07481756.2017.1339564
https://doi.org/10.1080/07481756.2017.1339564
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref50
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref50
https://doi.org/10.3390/ijerph20085540
https://doi.org/10.1126/sciadv.adh2458
https://doi.org/10.1080/14729679.2023.2196638
https://doi.org/10.1016/j.jenvp.2023.102112
https://doi.org/10.1016/j.jenvp.2023.102112
https://doi.org/10.1177/00139165231174615
https://doi.org/10.1016/j.jenvp.2022.101940
https://doi.org/10.1016/j.jenvp.2022.101940
https://doi.org/10.1080/01490400.2020.1800538
https://doi.org/10.1016/j.ufug.2020.126943
https://doi.org/10.1093/ije/dys223
https://doi.org/10.1093/ije/dys223
https://doi.org/10.1016/j.ufug.2022.127519
https://doi.org/10.22237/jmasm/1257035100
https://doi.org/10.1136/bmj.g2276
https://doi.org/10.1038/srep28551
https://doi.org/10.1007/s12199-011-0215-0
https://doi.org/10.1136/bjsports-2022-106195
https://doi.org/10.1016/j.jadr.2020.100020
https://doi.org/10.1016/j.jadr.2020.100020
https://doi.org/10.1016/j.pmedr.2016.11.007
https://doi.org/10.1016/j.pmedr.2016.11.007
https://doi.org/10.1001/jamanetworkopen.2018.0298
https://doi.org/10.1007/s00406-011-0255-x
https://doi.org/10.1007/s00406-011-0255-x
https://doi.org/10.1016/S0140-6736(23)00383-5
https://doi.org/10.1111/j.1600-0447.2012.01860.x
https://doi.org/10.1111/j.1600-0447.2012.01860.x
https://doi.org/10.1080/21711976.2020.1778388
https://doi.org/10.1080/21711976.2020.1778388
https://doi.org/10.1159/000376585
https://doi.org/10.1016/j.envres.2018.06.030
https://doi.org/10.1016/j.envres.2018.06.030
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.1177/1524839916673606
https://doi.org/10.1016/j.envres.2020.109812
https://doi.org/10.7326/0003-4819-147-8-200710160-00010
https://doi.org/10.7326/0003-4819-147-8-200710160-00010
https://doi.org/10.3389/fspor.2021.659837
https://doi.org/10.3389/fspor.2021.659837

C.D. Rosa et al. Journal of Environmental Psychology 99 (2024) 102438

Wolsko, C., Lindberg, K., & Reese, R. (2019). Nature-based physical recreation leads to World Health Organization. (1998). Wellbeing measures in primary health care/the DepCare
psychological well-being: Evidence from five studies. Ecopsychology, eco, 2018, 76. Project.
https://doi.org/10.1089/ec0.2018.0076 World Health Organization. (2022). Mental Health and COVID-19: Early evidence of the

pandemic’s impact. World Health Organization.

11


https://doi.org/10.1089/eco.2018.0076
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref81
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref81
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref82
http://refhub.elsevier.com/S0272-4944(24)00211-1/sref82

	Associations between well-being and nature-based recreation: A cross-sectional study among adults in the United States, Bra ...
	1 Methods
	1.1 Participants
	1.2 Procedure and measures
	1.3 Data analyses

	2 Results
	2.1 Relationship between nature-based recreation and WHO-5 well-being indicators

	3 Discussion
	3.1 Future research & implications

	Declaration of conflict of interest
	Data statement
	CRediT authorship contribution statement
	Acknowledgments
	Appendix A Supplementary data
	References


