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Highlights

» Nature contact may protect mental health during public health crises.

+ Many nature-mental health pairings were studied during the pandemic.
» Access to gardens reduced the risk of depression and anxiety.

» Visiting green spaces potentially protected against poor mental health.
*  Quality of evidence was very low for all mental health outcomes.

Graphical Abstract
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Abstract

Previous reviews concluded that nature contact was an important coping strategy against poor mental health during the
COVID-19 pandemic. However, the quality of evidence in these reviews was not sufficiently documented in terms of
the risk of bias in reviewed studies. We attempted to fill this gap with a Navigation Guide systematic review and meta-
analyses on the associations between nature exposure and mental health during the pandemic. Searches in PubMed,
Web of Science, Scopus, CINAHL, and Psycinfo retrieved relevant articles published between January 1, 2020, and
April 30, 2022. Included studies reported observational findings from human participants with indoor or outdoor
nature exposure and measures of mental health. We used the Navigation Guide methodology to assess the risk of bias
and quality of evidence across the body of evidence for each mental health outcome. A total of 4,464 articles were
initially identified. After the screening, 59 were ultimately included. Studies reported diverse variables of nature
availability, green space visit frequency, green space accessibility, and green space type (e.g., indoor vs. outdoor) with
12 mental health outcomes. Meta-analyses found access to gardens was associated with lower odds of depression
(OR=0.71, 95% CI=0.61-0.82, 1°=0%, n=3) and anxiety (OR=0.73, 95% CI=0.63-0.84, 1>=0%, n=2). Higher
frequency of visits to greenspace during the COVID-19 pandemic was associated with improved mental well-being
(OR=0.10, 95% CI=0.07-0.14, 1>=0%, n=2) and general mental health (OR=0.11, 95% CI=0.03-0.38, 1>=82%, n=2).
The quality of evidence was “very low” for all outcomes, and high levels of bias and between-study heterogeneity
were observed in the studies of nature exposure and mental health (41% of studies had high, 24% probably high, and
35% had a low risk of bias). Nonetheless, given trends observed in the results, nature-based infrastructure that
emphasizes exposure to nearby nature may have promoted psychological resilience during this public health crisis.
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1. Introduction

Many studies have documented the negative impacts of the COVID-19 pandemic on mental health (Banerjee, 2020;
Patwary et al., 2022; Rossi et al., 2020; Talevi et al., 2020). Symptoms of depression, anxiety, and psychological
disorder became more prevalent due to COVID-19-related structural actions such as lockdowns (Chatterjee et al.,
2020). High rates of post-traumatic stress disorder (96.2%), anxiety symptoms (44.6%), insomnia (34.0%), and
distress (71.5%) were also reported (Vindegaard & Benros, 2020). Stressors such as prolonged quarantine, fear of
infection, frustration, and boredom were linked to long-lasting posttraumatic stress symptoms, confusion, and anger
throughout the pandemic (Hossain, Tasnim, et al., 2020). An umbrella review of mental health during the early stages
of the pandemic observed that anxiety, depression, sleeping disorder, posttraumatic stress symptoms, low self-esteem,
and a lack of self-control were especially prevalent among those who were subjected to physical isolation (Hossain,
Sultana, et al., 2020). Even suicidal behavior increased due to mental distress over radical shifts in life and economic
downturns. For example, in the year before the pandemic, the number of Canadian suicides linked to unemployment
was expected to rise from 418 to 2114 (Xiong et al., 2020).

Before the pandemic, numerous studies indicated the potential benefits of residential green space on psychological
wellbeing (Boers et al., 2018; Bos et al., 2016; Gascon et al., 2018). The mental health-promoting benefits of nature
were attributed to nature exposure promoting healthy behaviors such as physical activity and social interaction while
also providing relief from stress and attentional fatigue (Bratman et al., 2019; Markevych et al., 2017). Three narrative
syntheses (Heckert & Bristowe, 2021; Labib et al., 2022; Lanza-Leo6n et al., 2021) have concluded that nature
exposure was linked to better mental health during the COVID-19 pandemic. Although the majority of these studies
indicated positive circumstantial evidence of nature exposure benefits during COVID-19, no risk of bias or quality
evaluation was provided to assess this evidence critically. We determined that it is essential to have a systematic
review that is up-to-date, accurate, and clear to make informed decisions about urban planning and environmental
interventions (Luque-Garcia et al., 2022). To achieve this goal, we adopted the Navigation Guide systematic review
methodology that was first introduced in 2011 to unite the clinical sciences and environmental health. Its rigorous,
straightforward, and transparent methodology makes it ideal for supporting policy decisions and other forms of
implementation (Woodruff & Sutton, 2014), which is in line with the objectives of this review. Therefore, we
conducted a Navigation Guide systematic review with meta-analysis to evaluate the quality and strength of evidence
for associations between nature exposure and mental health during the COVID-19 pandemic.

2. Methods

We conducted the systematic review according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Page et al., 2021), Navigation Guide framework (Woodruff & Sutton, 2014), and the
Cochrane Collaboration and Grading of Recommendations Assessment Development and Evaluation (Guyatt et al.,
2008). The review protocol was preregistered on PROSPERO (ID: CRD42021276223, available from:
https://www.crd.york.ac.uk/prospero/).

2.1. Eligibility criteria
Included studies met the following “Population”, “Exposure”, “Comparator”, “Outcome”, and “Study design”
(PECOS) criteria:

- Population: Human participants with no restrictions on age, sex, and specific area; studies with non-human
subjects were excluded.

- Exposure: Exposure to indoor and outdoor nature, which included blue and green space, natural outdoor space,
indoor greenery, vegetation index, window views of outdoor natural landscapes, gardens, parks, forests, and tree
canopy; simulated exposures (i.e., virtual reality) to nature were excluded.

- Comparator: Group without exposure or less exposure to nature served as a comparison or control group.

- Outcome: Prevalence, incidence, or continuously measured level of a mental health construct, including anxiety,
depression, stress, general mental health, mood state, positive and negative affect, loneliness, emotional distress,
wellbeing, and happiness during the COVID-19 pandemic; physical health outcomes were excluded.

- Study design: Cross-sectional, case-control, and cohort studies were included; experimental studies were
excluded.

We further restricted the eligible articles to those that were peer-reviewed, published since January 1, 2020, which
corresponded to approximately the start date of the global pandemic (Zhu et al., 2020), and provided full-texts in
English. Additional exclusion criteria were articles on other respiratory viruses (influenza, SARS, MERS), articles not
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describing original research (i.e., reviews, editorials, commentaries), unpublished data, grey literature, and conference
proceedings.

2.2. Search strategy

Five databases were used in the keyword search: PubMed, Web of Science, Scopus, CINAHL, and Psychinfo
(Supplementary Material S1). Search terms related to nature exposure (e.g., greenness, blue space, and natural
environment), mental health (e.g., wellbeing, mental health, and stress), and coronavirus (i.e., COVID-19 and
pandemic) were considered for article searches. We also reviewed the reference lists of the articles found in the
database searches and the author’s personal reference libraries to ensure the inclusion of all relevant records. The
search was last updated on April 30, 2022.

2.3. Study selection

Potentially relevant citations were imported into Rayyan (https://www.rayyan.ai/, accessed on April 30, 2022). Six
reviewers (MMP, MB, MZH, ASD, MFT, MAR) carried out title-abstract screening independently after removing
duplicates. Subsequently, six authors independently reviewed the full texts for inclusion. In cases where
recommendations varied between reviewers, decisions were determined through consensus.

2.4. Data extraction

Data extraction and cross-checking were independently carried out by six authors (MMP, MB, MZH, ASD, MFT,
MAR). Data considered study characteristics (author, publication year, study period, study design, sampling, and data
collection method), population characteristics (such as location, sample size, age, and gender), nature exposure
assessment (e.g., access to the park, gardening, window viewing of nature, indoor plant), mental health outcomes (e.qg.,
anxiety, depression, stress, life satisfaction), statistical analysis, main findings including adjusted estimates with
corresponding 95% confidence intervals (Cl) and descriptive results, and mediator and confounders in adjusted
models. We contacted the corresponding author of each included article that did not report these data to complete data
extraction (Supplementary Material Table S1. Three authors (MMP, MB, and ASD) resolved discrepancies in the
extracted data through consensus.

2.5. Risk of bias

The Navigation Guide methodology is a specific approach developed for conducting systematic reviews in the field of
environmental health. This methodology has been designed to provide a robust and transparent method for
synthesizing and evaluating the existing evidence in this field. By using this methodology, we assessed the quality and
strength of the evidence of our systematic review (Woodruff & Sutton, 2014). Specific risks of bias spanned the
following domains: recruitment, blinding, exposure assessment, confounding, incomplete outcome data, selective
reporting, conflict of interest, and other biases following previous literature (Luque-Garcia et al., 2022). The rating
system for each domain was “low”, “probably low”, “probably high,” or “high” risk of bias. “Not applicable” was also
considered for select domains (Supplementary Material S2). Judgments were assessed by three reviewers (MMP,
MB, and ASD). In cases of disagreement, a fourth reviewer (AMD) would assist with reaching a consensus. If the
majority of the domains were rated “low” or “probably low”, the overall rating was “low” or “probably low.” Similar
judgments were made for “high” or “probably high” ratings.

2.6. Quality of evidence

The Navigation Guide integrates the Grading of Recommendations, Assessment, Development, and Evaluations
(GRADE) approach and classifies the overall body of evidence quality into four categories: "high,” "moderate,” "low,"
and "very low." In accordance with the Navigation Guide methodology, the initial rating for the quality of evidence is
set at "moderate” for observational studies and then evaluated based on the criteria established by GRADE. Using this
methodology, we determined the collective quality of evidence across studies for each outcome (Woodruff & Sutton,
2014).

The GRADE approach combines downgrades and upgrades of this default rating. Five factors could downgrade the
quality level of the body of evidence: risk of bias, indirectness, inconsistency, imprecision, and publication bias.
Depending on the severity of suspected bias, the quality of evidence was downgraded by one level for a rating of
“serious concerns” and by two levels for a rating of “very serious concerns.” Three factors could upgrade the quality
level: large magnitude of effect, dose-response, and confounding minimizes effect (Johnson et al., 2014).

Evidence of inconsistency included effect size heterogeneity and non-overlapping of the confidence interval ranges
across studies (Guyatt, Oxman, Kunz, Woodcock, Brozek, Helfand, Alonso-Coello, Glasziou, et al., 2011). Indicators
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of imprecision were a limited number of studies (<3 studies), wide confidence intervals, small sample sizes, or studies
showing opposing associations for the same exposure-outcomes pair (as a measure of a broad 95% confidence
interval)(Guyatt, Oxman, Kunz, Brozek, Alonso-Coello, Rind, Devereaux, Montori, et al., 2011). As a measure of
indirectness, the harmony of the studies' populations, exposures, and outcomes to the focused populations of this
review were examined (Guyatt, Oxman, Kunz, Woodcock, Brozek, Helfand, Alonso-Coello, Falck-Ytter, et al., 2011).
A high probability of publication bias would be indicated by the presence of funnel plot asymmetry, gauged visually
and/or statistically. However, in the end, efforts to assess publication bias were undermined by the small number of
study records for most of the exposure-outcome pairs (n < 5).

According to the GRADE instructions, consideration was given to upgrading based on a large magnitude effect size,
the finding of a dose-response trend, and a low probability of residual confounding. The criteria for “large”/*very
large” magnitude of effect in the original GRADE guidelines (Guyatt, Oxman, Sultan, Glasziou, Akl, Alonso-Coello,
Atkins, Kunz, et al., 2011) are not applicable to environmental health research. Probable downgrades or upgrades
were: 0 (no change from initial quality rating), —1 (1 level downgrade) or — 2 (2 level downgrade), +1 (1 level
upgrade) or + 2 (2 level upgrade) (Balshem et al., 2011). Two reviewers (MMP and MB) independently rated the
evidence and then compared their ratings to establish a conclusion. Disagreements were settled through discussion. All
the assessment instructions with rationale for judgments were provided as Supplementary Material S3.

2.7. Meta-analyses

We conducted meta-analyses for exposure-outcome pairs with at least two studies. Narrative descriptions were
provided for findings with more limited studies. We did not combine in the same model effect estimates from studies
of different designs, nor did we pool together incomparable effect estimates or multiple estimates associated with
statistical tests that shared subjects. For studies reporting more than one independent effect estimate for the same
exposure-outcome pair, we planned to extract the estimate that provided more direct evidence or was less biased. We
combined effect sizes for adults and youth. Given valid concerns that the commonly applied random-effects estimator
can produce overly liberal results, we used the inverse-variance heterogeneity model implemented in MetaXL v 5.3
(EpiGear International Pty Ltd, Sunrise Beach, Queensland, Australia). Simulation research has confirmed that this
estimator provides a more conservative pooled effect size and associated 95% CI (Doi et al., 2017). Criteria for
statistical heterogeneity in the models were a significant Cochran’s Q at the p < 0.1 level and the value of the I?
statistic as follows (mild, < 30%, moderate, 30-50%, or high, > 50%) (Higgins & Thompson, 2002). Judgments on
publication bias for each exposure-outcome pair were based on visual inspection of funnel plot asymmetry and
Egger’s regression test in cases of at least 10 studies (Egger et al., 1997), and Doi plot asymmetry and the Luis
Furuya-Kanamori (LFK) index of >[2| in cases of at least 5 studies for an exposure-outcome pair (Furuya-Kanamori et
al., 2018).

3. Results
3.1. Characteristics of included studies

We identified 4,464 articles in preliminary searches (Figure 1). Of these, 2,749 (61.6%) were duplicates. After
assessing eligibility based on the title and abstract, 128 articles were eligible for full-text screening. Eventually, 59
articles were included in the review (Table 1).
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Figure 1. PRISMA flowchart of study selection for systematic review exploring the association between nature
exposure and mental health during COVID-19.

Of the 59 studies, 48 (81%) had a cross-sectional design, four (7%) used a longitudinal design, three
(5%) adopted a cohort design, three (5%) had an ecological design, and one (2%) used a Participatory
Action Research (PAR) approach. All studies were conducted between January 2020 and May 2021.
The total sample size across all included studies was 191,073, ranging from 25 participants
(Olszewska-Guizzo et al., 2021) to 55,204 participants (Bu et al., 2021) in individual studies. Seven
studies (11%) were conducted in multiple countries, while 24 (39%) were conducted in Europe, where
UK (n = 4) and ltaly (n = 4) studies were dominant. Eight studies were conducted in the U.S. (13%),
and 17 (23%) studies were conducted in Asia, including seven from China. One study (2%) was
conducted in each of the following countries: Australia, Mexico, and Brazil. The majority of the
targeted samples were adult populations, followed by students, youth and adolescents.

3.2. Nature exposure assessments

Nature exposure assessments included availability, access, contact, and indoor exposures (Table 1).
To simplify the interpretation, we classified the reported indicators into several groups: nature
availability (e.g., satellite-derived vegetation indices, percentage of greenspace area), access to nature
(e.g., access to outdoor greenspace, distance to greenspace), contact with nature (e.g., frequency of
visit, time spent in nature, gardening activities, perceived greenery), and nature at home (e.g., green
view from home, plants at home, presence of balcony, presence of garden). These classes were
derived based on previous systematic reviews evaluating different aspects of nature exposure
assessments (Holland et al., 2021; Labib et al., 2020; 2022).

3.2.1. Nature availability

Among our reviewed articles, twelve studies reported the nature availability indicators during
COVID-19, which included the satellite-derived vegetation indices (e.g., NDVI, EVI), percentage of



greenspace area, and tree canopy coverage (Cheng et al., 2021; Heo et al., 2021; Jato-Espino et al.,
2022; Larson et al., 2022; LAphmus et al., 2021; Robinson et al., 2021; Samuelsson et al., 2021; Soga
et al., 2020; Vos et al., 2022; Wortzel et al., 2021; Yao et al., 2022; Zhang et al., 2022). Several
studies used different satellites (e.g., Landsat-8 Operational Land Imager, Sentinel-2) with varying
resolutions (e.g., 30m, 10m) at different scales (e.g., city, residence), and they used different indices.
Of these, two studies estimated the NDVI at multiple buffer distances (LAphmus et al., 2021;
Robinson et al., 2021), one study used a single buffer distance (Soga et al., 2020), while other three
studies estimated NDVI using census units (Cheng et al., 2021; Heo et al., 2021; Larson et al., 2022)
(Table S5).

Multiple studies assessed the percentage of greenspace area in the neighborhood. Of these, three
studies measured the greenspace area as the percentage of land cover with greenspace (Jato-Espino et
al., 2022; Samuelsson et al., 2021; Vos et al., 2022), where one study used the CORINE land cover
map at a European scale (Jato-Espino et al., 2022), one study conducted in Belgium used orthographic
images for land cover map (Vos et al., 2022) and the remaining one obtained national land cover data
from Swedish Environmental Protection Agency mapped on a 10 m resolution raster during the years
2017-2019 (Samuelsson et al., 2021). Two studies estimated park area as greenspace exposure using
publicly available data (Larson et al., 2022; Yao et al., 2022), such as the Statistical Yearbook of
Chinese Cities 2019 (Yao et al., 2022). Studies used multiple radius distances surrounding the
greenspace area, urban park, and vegetative area ranging from 50-m to 1000-m (Jato-Espino et al.,
2022; Vos et al., 2022). One study used greenspace area and abundance at 50-m, 100-m, 250-m, and
500-m distances (Robinson et al., 2021). Tree canopy density, as greenspace exposure, was reported
in two studies (Wortzel et al., 2021; Zhang et al., 2022). Of these, one study estimated the results of
tree canopy coverage as a measure of residential greenness using the World View-2 satellite imagery,
with a resolution of 0.5 m derived in 2013 (Zhang et al., 2022), while the other study calculated the
mean tree canopy density at 0-m, 100-m, 250-m, 500-m and 1000-m distance using the United States
Department of Agriculture (USDA) Forest Service 2016 Tree Canopy Cover for the continuous
United Stated data (Wortzel et al., 2021).

3.2.2. Access to nature

Twelve studies reported access to nature as an indicator for nature exposure assessment during
COVID-19. Of these, five studies reported direct access to outdoor greenspace (e.g., outdoor nature,
terrace, exteriors) (Groot et al., 2022; Hansmann et al., 2021; Kontsevaya et al., 2021; Mintz et al.,
2021; Poortinga et al., 2021). One study reported accessibility to private green spaces from the lowest
to the highest amount of private green space and the type of road where the house was located as a
proxy for the natural outdoor environment (Spano et al., 2021). Nine of the twelve studies utilized
self-reported surveys to measure access to nature. Distance to the nearest greenspace and blue space
was the assessment method for seven of these studies. In China, the average distance from a residence
to a park was recorded as 37.8 km (Chen & Liu, 2021), while most residents in Mexico reported
living within a 10-minute walk of green space (Huerta & Utomo, 2021). A longitudinal study in the
UK reported that the majority of residents lived within a 5-min walking distance from the nearest
green space (Poortinga et al., 2021). Another cross-sectional study in Sweden calculated the
Euclidean distances from the respondents' homes to the natural land cover they visited (Samuelsson et
al., 2021). One study asked the participants whether the nearest green space was within walking
distance (Oswald et al., 2021).

3.2.3. Contact with nature

Contact with nature during COVID-19 as an indicator for nature exposure assessment was reported in
37 studies in a variety of ways. In these studies, the amount of time spent in nature (e.g., park,
garden), frequency of visits to nature, nature connectedness, usages of greenspace, perceived
neighborhood greenery, garden activities, nature sound, and nature therapy were reported as indicators
for nature contact. A total of 13 studies reported the time spent in different public and private
greenspaces. Of these, five studies reported the time spent in private greenspaces (e.g., gardens)



during COVID-19 (Basu et al., 2021; Bu et al., 2021; Lehberger et al., 2021; Samus et al., 2022; Sia et
al., 2022).

Twelve studies reported time spent in nature during the COVID-19 period by directly asking
participants about their time spent in nature (e.g., parks, greenspaces). On average, the maximum time
spent in outdoor nature was reported 1.62 h/day in the USA (Browning et al., 2021), while the lowest
exposure time (0<60 minutes/week) was found in Singapore (Olszewska-Guizzo et al., 2021). Only
one study compared the extent to which participants spent time in nature during the pandemic to pre-
pandemic time. A study in the USA compared to time spent in outdoor nature during and post-
lockdown period using three categories, including ‘no change’, ‘more often than a month ago’, and
‘less often than a month ago’ (Young et al., 2021).

Another important indicator for nature contact was the frequency of visits to nature (e.g., parks,
gardens, forests, and greenspace), reported in 13 studies. Of these, nine studies reported the frequency
of visits to nature during the pandemic period, while the remaining six studies assessed the changes in
the frequency of visits to nature compared to pre-pandemic time. Of these, three studies reported a
decline in nature visits at a significant rate during the pandemic period compared to pre-pandemic
(Heo et al., 2021; Huerta & Utomo, 2021; Jackson et al., 2021b). One study in Sweden reported a
13% increase in nature visits during the COVID-19 pandemic compared to before the pandemic
(LAphmus et al., 2021). One study compared the garden use frequency during the pandemic with
before the pandemic time (Corley et al., 2021). Another cross-sectional study conducted in Belgium
reported more than half of the participants visited nature more during the pandemic than the pre-
pandemic time (Lenaerts et al., 2021). Three studies reported garden activities as a possible nature
contact during COVID-19 (Lades et al., 2020; Samus et al., 2022; Theodorou et al., 2021).

Six studies assessed nature connectedness. Of these, four studies used different scales to assess nature
connectedness, including 7-item Inclusion of Nature Self (INS) scale (Tomasso et al., 2021), a 6-item
connection to nature (Jackson et al., 2021a), a 5-item nature connection scale (Mead et al., 2021), and
a 14-item nature connectedness scale (Samus et al., 2022). The remaining two studies directly asked
participants whether they were connected to nature during the last 24 hours (Friedman et al., 2022;
Mintz et al., 2021). One study reported community gardening during lockdown compared with the
pre-lockdown period (Kou et al., 2021). Further, only two out of six studies reported the changes in
nature connection during COVID-19 to the pre-COVID-19 period (Friedman et al., 2022; Jackson et
al., 2021a).

Four studies reported perceived neighborhood greenery (Dzhambov et al., 2021; Lenaerts et al., 2021;
Oswald et al., 2021; Ribeiro et al., 2021). Two studies assessed the changed use of greenspace (e.g.,
parks, botanical gardens, balconies) (Larson et al., 2022; Pearson et al., 2021). A cross-sectional study
reported changes in nature sound during the pandemic compared to pre-pandemic time (Garrido-
Cumbrera et al., 2021) as a possible nature contact indicator. Other nature contact indicators including
the quality of greenspace (Huerta & Utomo, 2021), nature experience activities (Jackson et al.,
2021a), nature exercise and nature therapy (Sundara Keeren et al., 2021), and perceived nature
deprivation (Tomasso et al., 2021) were reported in the literature.

3.2.4. Nature at home

While most studies used outdoor nature exposure as a measure of nature contact during COVID-19,
some studies reported the presence of garden facilities and indoor greenery as indicators for nature at
home exposure. The presence of a garden at facilities was considered a key element for nature contact
during social distancing in nine studies. Of these, eight studies reported whether any garden was
present in the living place during the pandemic time. One study reported the presence of gardens at a
healthcare facility (Gola et al., 2021). However, the garden facility might have not been present in
many houses because of their more urban living conditions, restricted neighborhood facilities, or
lower socioeconomic status (England, 2020).

In that case, indoor greenery, such as the presence of a balcony, plants at home, or green views from a
window, had the potential to replace the garden access and generated provisions for nature contact



during the lockdown period (Labib et al., 2022). Such indoor greeneries were reported in sixteen
studies. Of these, nine studies asked participants whether they had any balcony or yard, or terrace at
their place of residence during lockdown time. Five studies quantified the number of plants present at
home during the lockdown period. Of the total, five studies reported the green view from the window
or home during COVID-19.

3.3. Narrative descriptions of associations between nature exposure and mental health

3.3.1. Anxiety

Fifteen studies (25%), including 13 cross-sectional study designs (Asim et al., 2021; Basu et al., 2021,
Bourion-Bédes et al., 2021a; Bu et al., 2021; Corley et al., 2021; Dzhambov et al., 2021; Heo et al.,
2021; LApuhmus et al., 2021; Millan-Jiménez et al., 2021; Pouso et al., 2021; Sansal et al., 2021;
Spano et al., 2021; Sundara Keeren et al., 2021), one cohort (Wortzel et al., 2021) and one
longitudinal study design (Young et al., 2021) reported an association between the nature exposure
and level of anxiety (Table 1). Of the total, five studies used the GAD-7 scale (Spitzer et al., 2006),
three studies used GAD-2 (Kroenke et al., 2007), three used DASS-21 (Lovibond & Lovibond, 1995),
one study used SCL-90 scale (Derogatis & Savitz, 1999), and the remaining three studies did not use
any standard scale for assessing anxiety.

Among 15 studies on anxiety, three studies reported nature availability components such as EVI (Heo
et al., 2021), NDVI (LAphmus et al., 2021), and tree canopy density (Wortzel et al., 2021) were not
significantly associated with anxiety. Three studies reported a positive association between access to
nature components such as access to a private greenspace (e.g., balcony, terrace, garden) and lower
odds of anxiety (Dzhambov et al., 2021; Pouso et al., 2021; Spano et al., 2021). However, two studies
found no direct access to a domestic private garden was associated with higher anxiety (Basu et al.,
2021; Bourion-Bédeés et al., 2021). Multiple studies reported a positive association between nature
contact such as time spent in outdoor nature (e.g., garden) (Basu et al., 2021; Bu et al., 2021; Young
et al., 2021), perceived neighborhood greenery (Dzhambov et al., 2021), and participating nature
exercise & therapy program (Sundara Keeren et al., 2021) with reduced anxiety score. On the other
hand, two studies reported an inverse correlation between outdoor nature and anxiety (Sansal et al.,
2021; Young et al., 2021). However, several other studies did not report any association between
nature contact, such as increased frequency of nature visitation (Corley et al., 2021; Heo et al., 2021,
LAphmus et al., 2021) and gardening (Corley et al., 2021) with anxiety. Several studies reported a
positive association between nature at home components such as greener or nature view from a
window (Asim et al., 2021; Dzhambov et al., 2021; Pouso et al., 2021; Spano et al., 2021) and indoor
plants with lower severity of anxiety (Asim et al., 2021). However, two studies did not find any
association between them (Dzhambov et al., 2021; Spano et al., 2021).

Regarding the risk of bias assessment, five studies of anxiety showed a high risk of bias (Asim et al.,
2021; Bu et al., 2021; Millan-Jiménez et al., 2021; Sansal et al., 2021; Sundara Keeren et al., 2021),
four showed probably high risk of bias (Basu et al., 2021; LAuhmus et al., 2021; Wortzel et al., 2021;
Young et al., 2021) and the remaining six showed a low risk of bias (Bourion-Bédes et al., 2021a;
Corley et al., 2021; Dzhambov et al., 2021; Heo et al., 2021; Pouso et al., 2021; Spano et al., 2021)
(Table S2 & Table S3). Quality of evidence was “very low” due to a large amount of high to probably
high risk of bias studies and unexplained substantial heterogeneity (supplementary material S3, Table
S4).

3.3.2. Depression

Fifteen studies (25%) reported depression, of which 12 were cross-sectional design (Amerio et al.,
2020; Asim et al., 2021; Basu et al., 2021; Bu et al., 2021; Dzhambov et al., 2021; Heo et al., 2021;
LAuhmus et al., 2021; Millan-Jiménez et al., 2021; Sarai Pouso et al., 2021; Samus et al., 2022;
Sansal et al., 2021; Sundara Keeren et al., 2021), one cohort (Wortzel et al., 2021) and two
longitudinal study design (Agnieszka Olszewska-Guizzo et al., 2021; Young et al., 2021) (Table 1).
Four studies used the PHQ-9 scale (Spitzer et al., 1999), three used PHQ-2 (Kroenke et al., 2003), two



used DASS-21 (Lovibond & Lovibond, 1995), one used DASS-42 (Uncu et al., 2007), two used CES-
D (Roberts & Vernon, 1983), one used SCL-90 (Derogatis & Savitz, 1999), one used Becks
Depression Inventory-11 (BDI-II) (Beck et al., 1996), and the remaining one study did not use any
standard scale for assessing depression.

Among the 15 studies, two studies reported no association between nature availability (NDVI, EVI)
and depression (Heo et al., 2021; LAuhmus et al., 2021). However, one cohort study reported a
positive association between nearby greenness and a protective effect for depression (Wortzel et al.,
2021). Multiple studies reported having access to livable outdoor spaces (e.g., private gardens,
balconies, terraces)wasassociated with lower odds of depression (Amerio et al., 2020; Basu et al.,
2021; S Pouso et al., 2021). Further, several studies reported a positive association between nature
contact, such as time spent in outdoor nature (Basu et al., 2021; Bu et al., 2021; Sansal et al., 2021;
Young et al., 2021), increased visitation to greenspace (LApthmus et al., 2021), participating in nature
therapy and nature exercise program (Sundara Keeren et al., 2021) and lower depression. Another
study found that decreased visitation to greenspace was associated with higher depression (Heo et al.,
2021). However, multiple studies reported no significant association between nature contact and
depression (A Olszewska-Guizzo et al., 2021; Samus et al., 2022). Further, multiple studies reported
nature at home, such as having a greener view from a window, was associated with lower levels of
depression (Amerio et al., 2020; Asim et al., 2021; Dzhambov et al., 2021; S Pouso et al., 2021).

Of the total, seven studies had a high risk of bias (Amerio et al., 2020; Asim et al., 2021; Bu et al.,
2021; Millan-Jiménez et al., 2021; Olszewska-Guizzo et al., 2021; Sansal et al., 2021; Sundara
Keeren et al., 2021), five had probably high risk of bias (Basu et al., 2021; LAphmus et al., 2021;
Samus et al., 2022; Wortzel et al., 2021; Young et al., 2021) and the remaining three showed a low
risk of bias (Dzhambov et al., 2021; Heo et al., 2021; Pouso et al., 2021) (Table S2 & Table S3).
Quality of evidence was “very low” due to the high amount of high to probably high risk of bias
studies and high inconsistency of effect measures (supplementary material S3, Table S4).

3.3.3. Stress

Thirteen studies (22%) reported an association between nature exposure and stress, including nine
cross-sectional designs (Basu et al., 2021; Bourion-Bédes et al., 2021; Jato-Espino et al., 2022;
LAphmus et al., 2021; Mintz et al., 2021; Pearson et al., 2021; Ribeiro et al., 2021; Sansal et al.,
2021; Sundara Keeren et al., 2021), two cohorts (Vos et al., 2022; Wortzel et al., 2021) and two
ecological study design (Robinson et al., 2021; Yao et al., 2022) (Table 1). Of these, three studies
used a 10-item perceived stress scale (PSS) (S. Cohen et al., 1983), one study used a 6-item PSS
(Sheldon Cohen & Williamson, 1988), two used DASS-21 (Lovibond & Lovibond, 1995), one used
DASS-42 (Uncu et al., 2007), one study used 6-item short State-Trait Anxiety Scale (STAI) (Marteau
& Bekker, 1992), one study reported 5-item interactive assessment of COVID-19 related stress, one
study used mental stress index, and the remaining three studies reported self-reported 1-item question
for measuring stress.

Multiple studies reported a positive association between nature availability (e.g., higher residential
greenness) and lower stress (LAphmus et al., 2021; Robinson et al., 2021; Vos et al., 2022; Yao et al.,
2022). In contrast, one study showed a negative association between them (Jato-Espino et al., 2022).
However, several studies did not find any significant impact of nature availability, such as nearby
greenspace (Wortzel et al., 2021) and distance to greenspace (Robinson et al., 2021), on stress during
COVID-19. Several studies found a positive association between nature contact, such as time spent in
the home garden or outdoor spaces (Basu et al., 2021; Sansal et al., 2021), frequent visits to nature
(LAphmus et al., 2021), increased usage of the backyard or porch (Pearson et al., 2021), nature near
home (Mintz et al., 2021), public nature space (Ribeiro et al., 2021), participating week-long nature
therapy and nature-exercise program (Sundara Keeren et al., 2021) and stress reduction. However,
studies reported community greenspaces (Ribeiro et al., 2021) and being in nature (Mintz et al., 2021)
were not associated with stress. Nature at home, such as indoor plants, was linked to lower stress
levels (Ribeiro et al., 2021), while outdoor plants on a balcony had no such association (Ribeiro et al.,



2021). Further evidence showed that limited access to outdoor spaces increased the likelihood of
developing stress (Basu et al., 2021; Bourion-Bédeés et al., 2021a).

Of the total, three had a high risk of bias (Sansal et al., 2021; Sundara Keeren et al., 2021; Yao et al.,
2022), six had probably high risk of bias (Basu et al., 2021; Jato-Espino et al., 2022; LAphmus et al.,
2021; Robinson et al., 2021; Vos et al., 2022; Wortzel et al., 2021) and the remaining four showed a
low risk of bias (Bourion-Bédeés et al., 2021a; Mintz et al., 2021; Pearson et al., 2021; Ribeiro et al.,
2021) (Table S2 & Table S3). Quality of evidence was “very low” due to the high amount of high to
probably high risk of bias studies and high inconsistency of effect measures (supplementary material
S3, Table S4).

3.3.4. General mental health problems

Thirteen studies (22%) reported an association between nature exposure and general mental health
problem, including eleven cross-sectional study designs (Browning et al., 2021; Chen & Liu, 2021;
Corley et al., 2021; Hubbard et al., 2021; Kou et al., 2021; Lenaerts et al., 2021; Marques et al., 2021;
Oswald et al., 2021; Ribeiro et al., 2021; Soga et al., 2020; Theodorou et al., 2021; Xie et al., 2020;
Zhang et al., 2022) and one Participatory Action Research (PAR) design (Kou et al., 2021) (Table 1).
Of these, three studies reported the GHQ-12 scale (Goldberg et al., 2000), one study each reported the
K6 scale (Kessler et al., 2002), SCL-K-9 scale (Klaghofer & Brahler, 2001), PHQ-4 (Kroenke et al.,
2009), DASS-21 (Lovibond & Lovibond, 1995), MHC-SF (Keyes et al., 2008) and K10 (Furukawa et
al., 2003) and the remaining five studies did not use any standard scale for measuring the general
mental health problem.

Two studies reported a positive association between nature availability, such as tree cover (Zhang et
al., 2022) and living >300m from a greenspace (Oswald et al., 2021) and lower mental health. In
contrast, two studies found no association between them (Marques et al., 2021; Soga et al., 2020).
Three studies reported having access to a garden/balcony/yard or gardening activities was associated
with lower odds of mental health (Hubbard et al., 2021; Marques et al., 2021; Theodorou et al., 2021),
while two studies found no association between them (Oswald et al., 2021; Ribeiro et al., 2021).
Multiple studies reported a positive association between nature contacts, such as the increased amount
of time spent in outdoor nature or greenspace (Browning et al., 2021; Oswald et al., 2021; Xie et al.,
2020), frequent visits or increased usage of nature (Corley et al., 2021; Hubbard et al., 2021; Lenaerts
et al., 2021; Marques et al., 2021), gardening (Kou et al., 2021), higher perceived green neighborhood
(Oswald et al., 2021) and better mental health. However, two studies did not find an association
between time spent in greenspace (Hubbard et al., 2021), perceived neighborhood greenery (Ribeiro
et al., 2021), and general mental health problems. Three studies reported nature at home, such as
having a greener view, was associated with less mental health problems (Marques et al., 2021; Ribeiro
et al., 2021; Soga et al., 2020), while plants at home were found not associated with mental health
problems (Marques et al., 2021; Ribeiro et al., 2021).

Of the total, five studies had a high risk of bias (Chen & Liu, 2021; Hubbard et al., 2021; Kou et al.,
2021; Theodorou et al., 2021; Xie et al., 2020), two had a probably high risk of bias (Browning et al.,
2021; Soga et al., 2020) and the remaining six studies showed a low risk of bias (Corley et al., 2021;
Lenaerts et al., 2021; Marques et al., 2021; Oswald et al., 2021; Ribeiro et al., 2021; Zhang et al.,
2022) (Table S2 & Table S3). Quality of evidence was “very low” due to high and probably high risk
of biased studies and high inconsistency of effect measures (supplementary material S3, Table S4).

3.3.5. Sleep disturbances

Six studies (10%) reported sleep disturbances and nature associations during COVID-19. Of these,
five were cross-sectional study designs (Corley et al., 2021; Kontsevaya et al., 2021; Millan-Jiménez
et al., 2021; Sansal et al., 2021; Spano et al., 2021), and one adopted longitudinal design (Okely et al.,
2021).



Sleep disturbances were assessed using the 1-item Pittsburgh Sleep Quality Index (Buysse et al.,
1989), 3-item sleep quality, 1-item sleep problem increase, 1-item on insomnia, and the remaining
two studies quantitatively determined the sleep duration. One study found better access to a garden
was associated with a lower increase in sleep problems during COVID-19 (Spano et al., 2021), while
two studies with a high risk of bias found no association between access to greenspace or outdoor
spaces and sleep problem (Kontsevaya et al., 2021; Okely et al., 2021). Studies have also reported that
increased usage of gardens during COVID-19 compared to the pre-pandemic period (Corley et al.,
2021), time spent in the outdoors during lockdown (Sansal et al., 2021), greener view from home and
plants at home (Spano et al., 2021) was associated with lower increases in sleep problems during
COVID-19.

Of the total, four had high risk of bias (Kontsevaya et al., 2021; Millan-Jiménez et al., 2021; Okely et
al., 2021; Sansal et al., 2021), and the remaining two had a low risk of bias (Table S2 & Table S3).
Quality of evidence was “very low” due to the high amount of high to probably high risk of bias
studies and high inconsistency effect measures (supplementary material S3, Table S4). No meta-
analyses for sleep disturbances were available due to heterogeneity in exposure-outcome
combinations and inconsistent reporting of effect estimates.

3.3.6. Mood states

Four studies (7%) reported mood states and nature associations during the COVID-19 period. Of
these, three were cross-sectional (Gola et al., 2021; Jato-Espino et al., 2022; Millan-Jiménez et al.,
2021), and one was longitudinal study design (Olszewska-Guizzo et al., 2021). Two studies used a
profile of mood state (POMS) scale (Shacham, 1983), and the remaining two studies did not use any
standard scale for assessing mood.

A cross-sectional study in Spain reported a negative association between closeness to green
infrastructure and mood (Jato-Espino et al., 2022), while a longitudinal study in Singapore did not
find any association between nature exposure and mood disturbances (Olszewska-Guizzo et al.,
2021). One study reported that a short break in green space helped to rejuvenate hospital staff during a
time of crisis (Gola et al., 2021), while another study found enjoying open spaces provided a sense of
peace (Millan-Jiménez et al., 2021).

Of the total, three studies reported a high risk of bias (Gola et al., 2021; Millan-Jiménez et al., 2021;
Olszewska-Guizzo et al., 2021) and the remaining one had probably high risk of bias (Jato-Espino et
al., 2022) (Table S2 & Table S3). Quality of evidence was “low” due to the high amount of high to
probably high risk of bias studies (supplementary material S3, Table S4). Due to inconsistencies in
reporting effect sizes and the lack of consistent exposure-outcome pairings, no meta-analyses were
available for mood states.

3.3.7. Positive and Negative affect

Three cross-sectional studies (5%) reported positive and negative affect during COVID-19 (Lades et
al., 2020; Mintz et al., 2021; Samus et al., 2022). The 3-item positive affect, 6-item negative affect,
and positive and negative affect (PANAS) schedule (Watson et al., 1988) were used for assessing the
positive and negative affect of the participants during COVID-109.

Studies reported that gardening (Lades et al., 2020) and strong nature connectedness (Samus et al.,
2022) were associated with the largest positive affect. Further, a study found nature near the home and
nature from windows were associated with lower levels of negative affect (Mintz et al., 2021). In
contrast, in one study, nature connectedness was not associated with lower negative affect (Samus et
al., 2022).

Among the three studies, one each had a high (Lades et al., 2020), probably high (Samus et al., 2022),
and low risk of bias (Mintz et al., 2021) (Table S2 & Table S3). Quality of evidence was “very low”



due to high and probably high risk of bias studies, and the lack of sufficient studies to make
imprecision or decision-based on each side of the confidence intervals was associated with different
judgments (supplementary material S3, Table S4). Meta-analyses were not available for positive and
negative affect because of discrepancies in reporting effect sizes and the lack of consistent exposure-
outcome pairings.

3.3.8. Loneliness

Two studies (3%), including one cross-sectional design (Soga et al., 2020) and one cohort study
design (Groot et al., 2022), reported loneliness and nature exposure during COVID-19. Of these, one
study used the UCLA loneliness scale (Russell, 1996), and the remaining one used a 1-item question
for determining loneliness during COVID-109.

Nature availability, such as higher greenness, was not associated with loneliness (Soga et al., 2020).
However, more frequent visitation to greenspace and having a green view from home were associated
with lower loneliness (Soga et al., 2020). Further, no access to outdoor nature was associated with
higher loneliness during the pandemic period (Groot et al., 2022).

Of the two studies, one had high risk of bias (Groot et al., 2022), and the remaining one showed
probably high risk of bias (Soga et al., 2020) (Table S2 & Table S3). Quality of evidence was “very
low” due to all studies reported a high/probably risk of bias and a lack of sufficient studies to make
imprecision or decision-based on each side of the confidence intervals was associated with different
judgments (supplementary material S3, Table S4). Meta-analyses were not performed due to
heterogeneity in exposure-outcome pairs.

3.3.9. Emotional distress

Two cross-sectional studies (3%) reported emotional problems during the COVID-19 period
(Friedman et al., 2022; Larson et al., 2022). Emotional distress was determined using Strengths and
Difficulties Questionnaires (SDQ) (Goodman, 1997) and a 5-item visual analogue scale (VAS)
(Winefield et al., 2012).

Nature availability, including higher greenness and areas of the local park, was not associated with
emotional distress (Larson et al., 2022). Living in counties in the U.S. with a national/state park was
associated with less emotional distress while reducing park use was associated with more emotional
distress (Larson et al., 2022). However, changes in nature connection positively influenced the
emotional problems among children during COVID-19 (Friedman et al., 2022).

Of the two studies, one had high risk (Friedman et al., 2022), and the remaining one had low risk
(Larson et al., 2022) of bias (Table S2 & Table S3). Quality of evidence was “very low” due to the
high inconsistency of effect measures and lack of sufficient studies to make imprecision or decision-
based on each side of the confidence intervals was associated with different judgments
(supplementary material S3, Table S4). The lack of consistency in reporting effect sizes and the
absence of consistent exposure-outcome pairings prevented a meta-analysis for emotional distress.

3.3.10. Mental well-being

Seventeen studies (29%) reported an association between nature exposure and mental well-being,
including 14 cross-sectional study designs (Garrido-Cumbrera et al., 2021; Hansmann et al., 2021,
Huerta & Utomo, 2021; Jackson et al., 2021a, 2021b; LAuhmus et al., 2021; Lee et al., 2021;
Lehberger et al., 2021; Mead et al., 2021; Pérez-Urrestarazu et al., 2021; Samuelsson et al., 2021; Sia
et al., 2022; Tomasso et al., 2021; Zhuo & Zacharias, 2021), one cohort (Groot et al., 2022), one
longitudinal (Poortinga et al., 2021) and one ecological study design (Robinson et al., 2021). Mental
well-being of the participants was assessed using the WHO-5 scale (WHO REGIONAL OFFICE FOR
EUROPE, 1998), 14-item Warwick-Edinburgh Mental Wellbeing Scale (Weich et al., 2007), 4-item
modified subjective well-being (Hansmann et al., 2021), RAND-36 scale (Hays & Morales, 2001),



SF-36 items (Idler & Benyamini, 1997), psycho Social Well-Being Index Short Form (PWI-SF) (Koh
et al., 2005), emotional well-being (Pérez-Urrestarazu et al., 2021), five domains of Harvard
Flourishing Index (WWoziak-Biaaowolska et al., 2018), GHQ-12 (Goldberg et al., 2000), different
number of mental well-being items and mental resilience using SYRSS-10 scale (Sia et al., 2022).

Multiple studies reported a positive association between nature availability, such as higher residential
greenness (LAphmus et al., 2021; Robinson et al., 2021), distance to the nearest greenspace
(Poortinga et al., 2021), and better mental health. However, several studies reported distance to
greenspace (Huerta & Utomo, 2021; Lee et al., 2021; Robinson et al., 2021) and greenspace presence
and abundance at multiple distances (except 500-m) (Robinson et al., 2021) were not associated with
mental well-being. Several studies reported a significant association between access to nature, such as
higher quality of greenspace (Huerta & Utomo, 2021), access to public green space (e.g., a park or
woodland) and private green space (a private garden) (Poortinga et al., 2021), access to outdoor nature
space (Groot et al., 2022; Hansmann et al., 2021) and better mental well-being. Several studies
reported a positive association between nature contact, such as time spent at forest sites (Lee et al.,
2021), length of weekly gardening time (Sia et al., 2022), spending more time in greenspace and
garden (Lehberger et al., 2021), visiting nature often (vs. seldom) (Huerta & Utomo, 2021; LAphmus
et al., 2021), continued participation in nature-based activities (Jackson et al., 2021a, 2021b),
improved nature sound (Garrido-Cumbrera et al., 2021) and increased mental well-being. However,
several studies found no association between components of nature contact and mental well-being
(Jackson et al., 2021a, 2021b; Lee et al., 2021; Mead et al., 2021; Pérez-Urrestarazu et al., 2021,
Tomasso et al., 2021). Further, nature at home, such as the presence of private space, yard, or terrace,
showed negative relation with mental well-being (Zhuo & Zacharias, 2021).

Six studies of mental well-being showed a high risk of bias (Garrido-Cumbrera et al., 2021; Groot et
al., 2022; Hansmann et al., 2021; Mead et al., 2021; Pérez-Urrestarazu et al., 2021; Sia et al., 2022)
(Supplementary Table 2). Five had probably high risk of bias (Jackson et al., 2021a, 2021b; LAphmus
et al., 2021; Robinson et al., 2021; Zhuo & Zacharias, 2021), and the remaining six studies showed a
low risk of bias (Huerta & Utomo, 2021; Lee et al., 2021; Lehberger et al., 2021; Poortinga et al.,
2021; Samuelsson et al., 2021; Tomasso et al., 2021) (Table S2 & Table S3). Overall, the quality of
evidence was “very low” due to high risk and probably high risk of bias studies, and high
inconsistency of effect measures was associated with different judgments (supplementary material S3,
Table S4).

3.3.11. Happiness

Four studies (7%), including three cross-sectional stud designs (Millan-Jiménez et al., 2021; Mintz et
al., 2021; Soga et al., 2021) and one ecological design (Cheng et al., 2021) reported happiness as
mental health outcome during COVID-19. Three studies used a single measure of happiness; one
study used a standard scale such as the subjective happiness scale (Lyubomirsky & Lepper, 1999).

Nature availability, including parks with higher NDVI values, leads to higher happiness for residents
(Cheng et al., 2021). However, higher greenness was not associated with resident happiness during
COVID-19 (Soga et al., 2020). One study did not find any association between nature near home,
nature from windows, or nature connection and happiness (Mintz et al., 2021). On the other hand,
frequent visits to greenspace and having a green view from the home were associated with residents’
levels of happiness (Soga et al., 2020).

Of the four, one study reported a high risk of bias (Millan-Jiménez et al., 2021), two had probably
high risk of bias (Cheng et al., 2021; Soga et al., 2020), and the remaining one showed a low risk of
bias (Mintz et al., 2021) (Table S2 & Table S3). Quality of evidence was “very low” due to high
amount of studies reported high/probably high risk of studies, higher inconsistency of effect measures,
and the lack of sufficient studies to make imprecision or decision based on each side of the confidence
intervals was associated with different judgments (supplementary material S3, Table S4). Meta-
analysis was not done due to inconsistent effect size reporting and exposure-outcome pairings.



3.3.12. Life satisfaction

Three (5%) cross-sectional studies reported life satisfaction (Bu et al., 2021; Lehberger et al., 2021;
Soga et al., 2021). Life satisfaction was assessed using an 11-item Life Satisfaction Index-A (LSI-A)
(Liang, 1984) and a 1-item life satisfaction measure (Blanchflower et al., 2013).

More frequent visits to greenspace (Soga et al., 2020), increased gardening (Bu et al., 2021), and
having a green view were associated with increased life satisfaction. In Australia, it was not
associated with life satisfaction. However, higher greenness (Soga et al., 2020), having a garden, and
spending more time in greenspace (Lehberger et al., 2021) were not associated with life satisfaction.

Of the total, one study had high risk of bias (Bu et al., 2021), one had probably high risk of bias (Soga
et al., 2020), and the remaining one had a low risk of bias (Lehberger et al., 2021) (Table S2 & Table
S3). Quality of evidence was “very low” due to the high amount of studies reported high to probably
high risk of bias and high inconsistency of effect measures (supplementary material S3, Table S4).
We did not perform a meta-analysis due to a lack of sufficient studies.

3.4. Meta-analyses of associations between nature exposure and mental health

Although cross-study comparisons were difficult due to the highly variable nature of the study designs
and focal variables, meta-analyses were available for select combinations of four mental health
outcomes and five nature exposure types. The source of the data used in the meta-analyses is available
in Table S6.

3.4.1. Anxiety

Meta-analyses of anxiety were restricted to nature at home exposures (presence of gardens or green
views from the window) (Bourion-Bédés et al., 2021b; Dzhambov et al., 2021; S Pouso et al., 2021).
The presence of a garden was associated with reduced levels of anxiety [(Pooled odds ratio [OR] =
0.74, 95% CI = 0.64-0.87), 1>=0%, N = 2] (Figure S1A). We did not observe evidence of associations
between anxiety and green views from windows [(Pooled OR = 0.79, 95% CI = 0.29-2.15), 1°=85%,
N = 2] (Figure S1B).

3.4.2. Depression

Meta-analyses of depression were restricted to access to a garden, time spent in greenspace, or green
views from home. Access to a garden was associated with reduced depression [(Pooled OR = 0.71,
95% Cl = 0.61-0.82), 1’=0%, N = 3] (Figure S1C). We did not observe evidence of significant
associations between time in greenspace and depression [(Pooled OR = 0.02, 95% CI = -0.85-0.89),
1>=97%, N = 2] (Figure S1D) or a window view of nature and depression [(Pooled OR = 0.83, 95%
Cl =0.66-1.06), 1°=73%, N = 3] (Figure S1E).

3.4.3. General mental health

Meta-analyses of general mental health were restricted to measures of nature visitation frequency,
access to a garden, and distance to blue or green space. Higher frequencies of greenspace visits were
associated with better general mental health [(Pooled OR = 0.11, 95% CI = 0.03-0.38), 1°=82%, N =
2] (Figure S1F). We did not observe evidence of significant associations between access to gardens
and general mental health [(Pooled OR = 1.04, 95% CI = 0.17-6.19), 1°=82%, N = 2] (Figure S1G) or
distance to green/blue space and general mental health [(Pooled OR = 1.17, 95% CI = 0.71-1.95),
1=58%, N = 2] (Figure S1H).

3.4.4. Mental well-being

Meta-analyses of mental well-being were restricted to measures of nature visitation frequency and
distance to greenspace. Higher frequencies of visits to greenspace were associated with higher mental



well-being [(Pooled standardized beta estimate [ES] = 0.10, 95% Cl = 0.07-0.14), 1=0%, N = 2]
(Figure S11). We did not observe evidence of associations between distance to greenspace and mental
well-being [(Pooled OR = 0.98, 95% CI = 0.72-1.34), 1>=26%, N = 3] (Figure S1J).

3.5. Risk of bias and quality of evidence

Twenty-one studies (35% of the total) had a low risk of bias. Another 14 (24% of the total) had a
probable high risk of bias, and 24 (41% of the total) had a high risk of bias (summary in Table S2;
justifications in Table S3). The risk of bias for individual studies is presented in Figure 2.
Recruitment strategies were predominantly rated as low risk of bias (74% of studies). All studies were
rated as ‘low’ risk of bias for blind assessment. Nearly 45% of studies rated exposure assessment as
‘probably low’ risk of bias. However, in some cases, studies rated exposure assessment as ‘high’ risk
of bias (25% of studies). Confounding was predominantly rated as ‘probably low’ risk of bias (63% of
studies). Incomplete data, selective reporting, conflicts of interest, and other biases were
predominantly rated as ‘low’ risk of bias, respectively. Out of 48 cross-sectional studies, 19 studies
(39%) rated a ‘high’ risk of bias, while 42% (n = 20) rated a ‘low’ risk of bias. On the other hand, 2
cohort studies out of 3 rated as ‘probably high’ risk of bias. Further, two out of three ecological
studies rated a ‘probably low’ risk of bias, and two out of four longitudinal studies rated a ‘high’ risk
of bias. Since some of the approaches for evaluating exposure to greenness in the study did not
account for the variety of plant life, exposure assessment was the domain with the highest risk of bias.
In addition, several studies failed to assess the buffer distance surrounding the greenspace, green
space quality or accessibility, and time spent in the green space area.

Recruitment

Blinding
Exposure Assessment ]
Confounding [ ] = Low
Incomplete Outcome Data Probably low
Selective Reporting Probably high
Conflicts Of Interest | ® High
Other Bias
Overall Risk Of Bias |
0% 20% 40% 60% 80% 100%

Figure 2. Summary of risk of bias for individual studies included in the review of exploring
associations between nature exposure and mental health during the COVID-19 pandemic.

A justification for using a consistent measure of bias across studies has been outlined in Table S4,
and outlining the specifics of each study's bias rating have been included in Supplementary
Material, S3. Total quality scores by the outcome are shown with the corresponding outcome
category in Table S5. We categorized the outcome depending on the nature of the outcomes they
reported. All studies' outcomes (12 out of 12) were rated as “very low” quality of evidence.

4. Discussion

Although several previous reviews have examined the evidence regarding associations between nature
exposure and mental health during the COVID-19 pandemic (Labib et al., 2022; Nigg et al., 2021),
this is the first study to conduct a robust review of these relationships that accounts for the risk of bias
and the quality of evidence presented. Fifty-nine articles published over nearly two-and-half years of



the pandemic were evaluated, assessing 12 unique mental health outcomes accounting for up to four
different dimensions of nature exposure: nature availability, access to nature, contact with nature, and
nature at home. While we observed an impressive breadth of conceptualization and analysis, most
relationships between nature and mental health were only supported by “very low” quality of
evidence based on the GRADE rating system. The quality ratings were downgraded due to bias,
inconsistency in evidence, and imprecision in evidence, with other downgrading and upgrading
quality categories having no effect (e.g., indirectness, the magnitude of effect). Only 35% of studies
had a low risk of bias. Despite constraints associated with the current quality of evidence, this study
was also the first to conduct a series of meta-analyses across nature exposure dimensions and mental
health outcomes during COVID-19, supporting that higher direct nature contact (i.e. higher visitation
to natural areas, presence of nature at home) reduced some negative mental health outcomes and
improved mental health and wellbeing. However, general poor quality limited our ability to conduct
meta-analyses on many important outcomes (e.g., perceived stress, sleep, or loneliness) and hindered
the generalizability of the meta-analyses we were able to conduct.

Several limitations underlie the poor quality and high bias associated with nature and mental health
research during the COVID-19 pandemic. Consistent with research before the pandemic (Holland et
al., 2018; Zhang et al., 2021), we observed a high reliance on cross-sectional research designs (81% of
studies) and found only two longitudinal studies that objectively measured green space visitation,
which inhibits causal inferences. There were also several studies that used inherently biased forms of
convenience sampling (Babbie, 2013). Beyond research design, inconsistent and inadequate
operationalization during instrumentation and analysis resulted in both heterogenous exposure
assessments and weak control of confounding sources of variation in mental health outcomes, which
introduced at least probably high bias to over 40% and 25% of studies, respectively. These issues are
resolvable in future research by using appropriate scales for nature exposure and analytical designs
that are consistent with existing theoretical understanding and empirical research. Lastly,
inconsistencies in the reporting of effect estimates also inhibited meta-analyses for outcomes
associated with multiple studies, such as perceived stress (Mintz et al., 2021; Ribeiro et al., 2021).
While our review sheds light on several limitations within existing research, it may serve as a resource
for navigating the many studies conducted on the nature-health relationship during COVID-19 based
on exposure assessment, outcome, and quality.

The quality of evidence was high enough to conduct meta-analyses on four mental health outcomes
potentially associated with nature exposure during the pandemic: anxiety, depression, general mental
health, and mental well-being. Even though we could only pool a handful of studies, which limits the
stability and generalizability of the meta-estimates, we found that the ownership or presence of a
garden was associated with lower anxiety and depression. We also found that a higher frequency of
visitation to nature was inversely associated with poor mental health and positively associated with
mental well-being. Natural environments, especially gardens, may have served as unique outlets in the
COVID-19 context for solitary or family activities that helped alleviate situation-specific stressors
(Theodorou et al., 2021) while helping people and communities adhere to various safety precautions
throughout the pandemic. While 16 studies assessed green views during COVID-19 and other reviews
have noted consistent support for their positive effect on mental health (Labib et al., 2022), both meta-
analyses using this measure were null. Therefore, gardens should be distinguished as uniquely
important forms of nature at home, with these results providing broader support for the benefits of
direct nature contact compared to indirect contact (Markevych et al., 2017).

In total, six meta-analyses across all four nature exposure measures resulted in null effects with no
statistically significant observations across the nature availability and access to nature dimensions on
any mental health outcome. In contrast with the positive outcomes from more frequent exposure,
these null effects may reveal that nature availability and accessibility may only improve mental health
if they result in actual exposure, consistent with the observations on gardens compared to green views.
Amidst COVID-19 restrictions in particular, opportunity alone may have had less of a direct
relationship with nature contact compared to before the pandemic (Soga et al., 2020). However, it
remains possible that the null effects we observed were due to bias, poor quality, and a low quantity



of existing evidence. No meta-analyses supported that spending time in or having access to nature and
green spaces negatively influenced mental health, complementing other evidence that suggests natural
areas posed minimal risk to broader physical and biological health concerns like COVID-19 infection
(Bulfone et al., 2021; Heckert & Bristowe, 2021; Lin et al., 2023).

Our analyses and evaluation complement existing systematic (Labib et al., 2022) and scoping reviews
(Heckert & Bristowe, 2021; Nigg et al., 2021) conducted throughout the pandemic on the effects of
nature and green spaces on mental health. These effects also reinforce pre-COVID-19 research that
observed similar health outcomes in more general contexts (Lackey et al., 2021). Building on a model
proposed by (Markevych et al., 2017), (Astell-Burt et al., 2022) focused on loneliness, which many
people may experience in times of social distancing, to describe how experiences and opportunities in
natural areas interact with individual and place-based differences to impact health and wellbeing
through four broad domains: building capacities, restoring capacities, reducing harm, and causing
harm. These pathways are consistent with theoretical frameworks explaining the restorative benefits
of natural environments, including attention restoration (R. Kaplan & Kaplan, 1989; S. Kaplan, 1995)
and stress reduction theories (Ulrich et al., 1991). The positive health outcomes from nature exposure
are likely derived through several pathways conceptualized and analyzed by (Hartig et al., 2014) and
(Zhang et al., 2021), including exposure to better air quality, increased physical activity, higher social
contact and interaction, and reductions in stress. Collectively, these underlying theoretical and
conceptual foundations may explain the pathways and processes that support the relationships
observed in the present study between direct nature contact and improved mental health. Notably, the
importance of these health promotion pathways might have been magnified during the COVID-19
pandemic, with outdoor environments’ exhibiting higher levels of perceived and objective relative
safety to indoor environments(Bulfone et al., 2021; Kim & Kang, 2021). As a result, the value of
these spaces for physical and social activity grew while indoor areas were regulated or deemed
unsafe.

Despite the theoretical, conceptual, and analytical foundation supporting the effects of nature on
mental health and the large number of studies conducted during COVID-19, there are ample
opportunities for higher-quality future research. While four primary effects were supported through
meta-analyses, more than 40 other potential pathways using the outcomes and nature exposure
measures considered in this review lacked substantial support. Separately, empirical work examining
context-specific ramifications of the pandemic on nature exposure (e.g., social distancing, park
regulations) and mental health during large-scale, stressful events may also help extend the field
beyond its traditional pathways. To effectively study new pathways, researchers may examine how
shifts in human-nature interactions due to pandemic-related changes in opportunity, capability, and
motivation influenced mental health outcomes (Soga et al., 2020) or test nature’s ability to facilitate
positive outcomes during stressful events through resilience (Zautra et al., 2010; Zimmerman &
Arunkumar, 1994) or post-traumatic growth (Waters et al., 2022). At a systemic level, limitations in
existing research reflect the importance of integrating nature exposure and health metrics into long-
term, systematic data collection approaches that persist during times of stability and crisis. Such
designs could have benefitted research during the COVID-19 pandemic in three ways. First, by
providing objective baseline metrics from before the pandemic, enhancing researchers’ ability to
detect meaningful change. Second, by reducing scrambling and impromptu innovation at the
beginning of the pandemic to improve research design. Third, by improving understanding of how
nature exposure and healthy relationships may have shifted during different phases of the pandemic
(e.g., comparisons of the lockdown period to the post-vaccine period). Instituting longer-term projects
now could pave the way for improved insights during future crises.

5. Conclusion

This study joins a growing set of reviews and meta-analyses in the broader field of research
examining links between nature exposure and health that are constrained from drawing concrete
conclusions due to bias and quality concerns (e.g., (Astell-Burt et al., 2022; Zare Sakhvidi et al., 2022;
Zhang et al., 2021). Even minor adjustments, such as improving the consistency of nature exposure’s



instrumentation, providing clear estimates of effects and effect sizes, and controlling for confounding
could substantially reduce bias. Ultimately, the overall quality of nature exposure research during
COVID-19 (and after) is contingent upon better designs that use random sampling and longitudinal
approaches. Despite the constraints, we did observe — based on narrative synthesis and meta-analyses
of previous research — that exposure to nature positively impacted multiple dimensions of mental
health. The strongest and most reliable evidence from meta-analyses revealed that two specific types
of nature exposure — spending time in nature and gardening — yielded the most consistent benefits.
Although there is a critical need for more research on these relationships, growing evidence suggests
that promoting direct interaction with the natural world during stressful events may be a helpful
strategy for policymakers and practitioners seeking to improve public health.



Table 1. Summary of the characteristics of studies included in the review of research exploring associations between nature exposure and mental health during the COVID-19

pandemic (alphabetical order).

Author, year,

Outcome (Mental health assessment

Sl country Design, sample size Nature exposure assessment scale) Main findings

1 (Amerio et al., Cross-sectional Presence of a livable outdoor space (balcony or garden); Depression (PHQ-9) Having a green view reduced the odds of moderate-severe depression.

2020); Italy N = 8177 green view from window; quality of views P Having a poor-quality view increased the odds of moderate-severe depression.

2 (Asimetal., Cross-sectional Plants at house: Green view from window Depression (CES-D); Having a better green view was associated with lower anxiety and depression.
2021); India N =432 ' Anxiety (GAD-7) Having a better green view was associated with lower depression risk.

3 g%;slt;elt niililé ﬁrgszbs; ctional Presence of home garden; Time spent in home garden 2Dle)pressmn, Anxiety, Stress (DASS- Having a home garden and time spent in home garden reduced anxiety, stress, and depression.

4 gt?’glu r;:gé?ae)qes Cross-sectional Access to private outdoor space (balcony courtyard, Anxiety (GAD-7) No access to private outdoor space (e.g., garden, balcony) during lockdown was associated with
Fran.(':e ’ N = 3936 terrace, or garden) Y severe anxiety.

(Bourion-Bédes c . . . . . .
. ross-sectional Access to private outdoor space (balcony courtyard, . No access to private outdoor space (e.g., garden, balcony) during lockdown was associated with

5 etal., 2021b); _ Perceived Stress Scale (PSS-10) . .

o N = 3764 terrace, or garden) high perceived stress.

6 (Browning etal., | Cross-sectional Time spent in outdoors (at a park, on a greenway/trail, in General mental health Increasing time spent (at last 2hrs) in outdoor nature experienced a lower level of mental health
2021); USA N = 2534 a neighborhood/yard, etc.) problems.

(Buetal., 2021); | Cross-sectional . . . Depression (PHQ-9); Anxiety (GAD- Increasing time spent in gardening (more than 30 minutes) was associated with reduced anxiety,

7 Time spent in gardening - . A X . X . . N
UK N = 55204 7); Life satisfaction (1-item) depression, and higher life satisfaction.

Chen & Liu, Cross-sectional . Participants' psychological problem was sensitive to the distance from their residence to the

8 ( A Distance to Park General mental health (K6 scale)

2021); China N =937 nearest park.
(Cheng et al., Ecological Normalized difference vegetation index (NDVI) of . . . . . -

9 2021): China N = 1305 Urban park Happiness Higher greenness in the park led to higher happiness among participants.

(Corley et al Cross-sectional General mental health; COVID- Gardening was not associated with general mental health, anxiety, and sleep quality. Increased

10 2021)'yScotI.;nd N=171 Gardening; and Garden usage frequency Anxiety; Sleep Quality (1-item garden usage was associated with better general mental health and sleep but not with COVID-19

' Pittsburgh Sleep Quality Index) anxiety.
i | oo™ | cossetoa | plns thame: Green v fomuwindow: prseceof | Andety GAD)
A N =3228 domestic garden; Perceived neighborhood greenery Depression (PHQ-9) Pression. Having a gree - p 9 9 y
Bulgaria was associated with both anxiety and depression.

12 g;rzlggi.mj:let db, Ergs;sﬁectlonal Nature connection Emotional problem Changes in nature connection positively influenced emotional problems among children.
(Garrido-

13 Cumb.rera ?t al., Crgss-sectlonal Nature sound Mental Well-bein HO-5 Improved nature sound during lockdown promotes better mental well-being.

2021); Spain N = 3109 4 P Y P Y
UK, Ireland
14 (Golaetal., Cross-sectional Green Space in Heal?hcare féc'l.'ty; Public green space Profile of Mood States (POMS) (34 Nearby green spaces in healthcare facilities improve the psychophysical well-being of hospital
. _ (shared garden, public park); Private green space
2021); ltaly N=77 . Items) staff.
(private garden, balcony/terrace)
(Groot et al., Cohort Mental well-being (7-item); Loneliness | No access to outdoor spaces was associated with higher odds of low mental well-being and

15 2022); Denmark N = 7445 Access to outdoor greenspace (1-item) higher loneliness.

L G Cross-sectional . . Having a livable private outdoor space (e.g., gardens) reduces subjective psychological strain

16 al., 2021); N = 5032 Access to outdoor greenspace Mental well-being (4-item) and imroves well-bein A
Switzerland B P g
(Heo et al., — Changes in frequency of visits to greenspace during the . ) . . . . - . .

17 2021): Souith ﬁrgs;zszectlonal pandemic compared to pre-pandemic: Enhanced 2D)epressmn (PHQ-9); Anxiety (GAD ;excireetaseﬂiv;feltrs EtS/ iqrerir;;:icses \\/Avlzrsenfts:scslz::eigt\e/\gtcvm]gggr roezitsjisoﬂfa(:]edp;sxsign but not with
Korea Vegetation Index (EVI) Y- 1ig g P Y-

(Hubbard et al Cross-sectional Access to a livable outdoor space (garden, balcony, Having no access to a private space was associated with worse mental health scores. The
18 2021); Scotlan& N = 2969 patio, etc.); Frequency of visit to greenspace; Time spent | General mental health (PHQ-4) frequency of nature visits was associated with general mental health. Time spent in greenspace
' in greenspace was not associated with general mental health.
(Huerta & Cross-sectional Quality of urban greenspace (UGS); Frequency of UGS Longer walking distance to greenspace was associated with lower well-being.

19 Utomo, 2021); N = 1954 use during and pre-COVID-19; Distance to the nearest Mental Well-being Scale (WEMWS); Higher quality of greenspace was associated with higher well-being. Longer walking distance to
Mexico green space greenspace and higher quality of greenspace was not associated with the change in well-being.
(3ackson et al Cross-sectional Frequency of nature-based activities” confined to more More frequent participation in nature-based activities pre-COVID was not associated with well-

20 2021b); USA" N = 624 natl?ral se)t/tings Nature experiences Mental Well-being change (WHO-5) being. Continued participation in nature-based activities was associated with increased well-

' B ' being.
. Nature experience activities focused on activities S - . T .
(Jackson et al., Cross-sectional g S o i r Participation in nature-based activities was associated with higher mental well-being.
21 2021a): USA N = 624 g;{:ﬁrr:(ns?;?t:gsr)e natural settings; Connectedness to Subjective well-being (SWB) (4-item) Connection to nature was not associated with mental well-being.
. canti Green area (150m, 300m, 500m distance); Urban park . ] . . . .
2 (Jato-Espino et Cross-sectional (150m, 300m, 500m distance); Natural area-300m Stress; Mood The green area at 150-m and 300-m buffer distances were associated with lowering stress. Urban

al., 2022); Spain

N = 9883

distance; Vegetated area-500m distance

parks at 500-m distances were negatively associated with mood.




(Kontsevaya et

Cross-sectional

23 al., 2021); N = 2432 Access to greenspace Sleep quality (3-item) Having access to greenspace had no association with sleep quality.
Russia -
(Kou et al Participatory action
24 2021); Ch'i’na research (PAR) Community gardening General Mental health (Self-reported) Community gardens had significant positive influences on the mental health of residents.
' N =1154
25 (Lades et al., Cross-sectional Gardenin Positive affect (3-item), Negative Gardening was associated with the largest positive affects.
2020); Ireland N = 604 Y affect (3-item)
(Larson et al Cross-sectional Avrea (km2) of local park/10000 residents; Area (km2) of Area of state or national park per 10000 residents and reducing park usage were associated with
26 2022); USA v N = 1280 national park/10000 residents; NDVI; Reducing park Emotional problem (5-item) lowering emotional distress. High greenness and area of local park per 10000 residents were not
' B usage associated with emotional distress.
27 gani;'tSat!J.l’Jth Cross-sectional Frequency of visits to the forest site; Time spent at the Mental Well-being (PWI-SF) Time spent at greenspace (forest site) was associated with improved well-being. Frequency of
Korea’ N =1196 forest site; Walking time distance to the forest site 4 visits to greenspace and distance to greenspace not associated with well-being.
(Lehberger et g - . . . hai s Having a garden was not associated with well-being and life satisfaction.
28 al., 2021); Crc_)ss sectional Pfesence of_a garden; Tlme spent in gardening weekly; Me_ntal Well b(_emg (WEMWBS); Life Spending more time in greenspace was associated with higher well-being but not with life
N =495 Time spent in the public greens satisfaction (1 item) : :
Germany satisfaction.
(Lenaerts et al., Cross-sectional g General Mental health (self-reported 6- - . L
29 2021); Belgium N = 11352 Frequency of nature visit items) More frequent visit to nature was associated with improved general mental health.
(LAphmus et canti . Mental Well-being (RAND-36); Higher residential greenness was associated with better mental health and lower stress but not
30 al., 2021); ﬁrgs;osggtlonal (’;ligz\aﬂc\gltl?rlg ?122:: 12?2;’5?5:2’5;2(’ 500m buffer Anxiety ( SCL90); Depression with anxiety and depression. Visiting nature was often associated with better mental well-being,
Sweden B + Freq y (SCL90); Stress (PSS) lower stress, and lower depression but not with anxiety.
(Marques et al Cross-sectional Frequency of visit to parks and beach; Green view from Having a garden, a greener view, and visiting nature were often associated with less mental
31 2021;1_ Brazil v N =173 window; Plants at home; Presence of a garden; Distance General mental health (DASS21) health problems. Having more plants at home and a greater distance to greenspace was not
' to greenspace associated with the mental health problem.
32 %l;f)d E}él” ﬁrgsiés;ctlonal Connectedness to nature Mental Well-being (WEMWABS) Higher nature connectedness was not associated with well-being.
(Millan-Jiménez Cross-sectional Green view from window; Presence of outdoor space Depression symptoms; Anxiety;
33 etal., 2021); N = 188 (terrace, balcony, garden area with shared pool, garden Irritability or bad moods; Happiness; Participants who enjoyed open spaces (balcony, garden, terrace) found a sense of mental peace.
Spain area, patio) Sleep problem (Insomnia),
(Mintz et al Cross-sectional Nature near home: Green view from window: Nature Stress (STAI); Positive Affect, Nature near home and green view from the window were associated with the largest positive
34 . g _ - ! ! Negative Affect (PANAS); Happiness affects and lowering stress but not with happiness. Nature connection was not associated with
2021); Israel N =776 connection s X e .
(1-item); positive affect, stress, and happiness.
D@, Longitudinal Presence of a livable outdoor greenspace (e.g., balcony, . . . . .
35 2021); 14 N = 948 ard) A ! Sleep duration Having access to outdoor nature was not associated with sleep duration.
countries Y
(Olszewska-
Guizzo et al., Longitudinal Frequency of visits to nature areas; Time spent in nature Depression (BDI- I1); Profile of Mood - . . . . .
36 2021); N =25 areas Scale (POMS) Frequent visits and time spent in nature were not associated with depression and mood.
Singapore
Presence of a livable outdoor greenspace (e.g., balcon Having a garden/balcony/yard and living >300m from a greenspace was not associated with
37 (Oswald et al., Cross-sectional ard): Walking distance of a greens F;ce/blljgé ace: Y, General mental health (MHC-SF and mental health problems.
2021); Australia | N =1004 yard), ng greensp: pace; K10) Higher perceived greener neighborhoods and time spent in nature were associated with less
Perceived neighborhood greenery; Time spent in nature
mental health problems.
38 (Pearson et al., Cross-sectional Changed usage of greenspace (parks/trails/sidewalks, Stress (PSS-10) Increased usage of the backyard/porch was associated with lower stress.
2021); USA N =56 botanical gardens, backyard/porch/balcony) Decreased usage of parks/trails was significantly associated with higher stress.
(Pérez-
Urrestarazu et Cross-sectional . . . . Plants at home was associated with better mental well-being. Frequent visit to nature was not
39 al,, 2021): 46 N = 4205 Frequency of visits to greenspace; Plants at home Mental Well-being (bespoke items) associated with mental well-being.
Countries
40 %;T)t."bg.i ek hoggg;tg%mal Distance to nearest greenspace; Access to private garden Mental Well-being (SF36 items) kigi?ét\éﬁa&:?ﬁrﬂgﬁa;ﬁewn?§| ﬁi?ﬁﬁ;?ggwnh lower mental well-being. Access to a garden was
41 Sarza(l);’lo)tfs%et Cross-sectional Green view from window; Presence of outdoor space Depression (PHQ-2); Anxiety (GAD- Having a nature view and access to garden/balcony/patio were associated with lower odds of
Cauntries’ N =5218 availability (e.g., garden) 2) depression and anxiety.
. . . . Having indoor plants, greener views and public natural spaces were associated with lower stress.
(Rlbe|.r0 etal, Cross-sectional Indoor p_lants, Balcqny plelints, Presepce Of home garden; General mental health (GHQ12); Having a greener view was associated with less mental health problems. Having balcony plants,
42 2021); Portugal, - Green view from window; Community private . . " X N
: N =1638 . . Stress (1-item) home garden, private community greenspace were not associated with stress and general mental
Spain greenspace; Public natural space health problems
43 gggli;ns&n dicil. Ecological NDVI at 50-m, 100-m, 250-m, 500-m; Distance to green Mental Well-being (WEMWABS); Higher greenness and distance to greenspace (< 250m) was not associated with well-being and
y N =1184 space Stress stress.

Countries




il s Cross-sectional Distance to greenspace (natural land cover) from home Abstaining from visiting natural land cover places (e.g., forests, water) was associated with a
44 al., 2021); _ and physical and visual accessibility; Frequency of visit Subjective well-being (1-item) Hning 9 . P 9 !
N =684 . negative influence on mental well-being.
Sweden to this natural land cover
(Samus etal,, Time spent in nature spaces and nature connection were associated with the largest positive
2022); New Cross-sectional Time spent in nature spaces, Garden use, Nature Positive and Negative Affect per © Sp . gest pos .
45 _ A . R affects. Time spent in nature spaces, garden use, and nature connection were not associated with
Zealand, N =261 connection (PANAS); Depression (CES-D) depression
Germany )
6 (Sansal et al., Cross-sectional Time spent in outdoors space Depression, Anxiety, Stress (DASS- Time spent in outdoor nature during lockdown was associated with improved sleep quality and
2021), Turkey N=79 P P 42); Sleep emotional well-being.
(Siaetal., ot
47 2022), ﬁrgs;seelctlonal Time spent in gardening weekly Mental resilience (SYRSS-10) Length of weekly gardening time was positively associated with mental resilience.
Singapore B
Life Satisfaction (LSI-A); Happiness Having a green view and more frequent visits to greenspace were associated with better mental
(Soga et al., Cross-sectional NDVI at 250m; Green view from window; Frequency to (SHS); Loneliness (UCLA 9 a green . ] q . g P . X
48 2020); Japan N = 3000 Visit areenspace Loneliness); General mental health health, higher life satisfaction, more happiness, and lower loneliness. Higher greenness was not
1A 9 p (GHO-12) ! associated with mental health, life satisfaction, happiness, and loneliness.
ot . . . - Better access to garden, greener view, and plants at home were associated with lower sleep
49 S)‘Z’;O Ii;la L. ﬁrgs;ssggtlonal tli)larlti?/:;fehopew:r,] (jr:sg view from window, Accessibility Anxiety; Sleep disturbance problems. Better access to garden, and greener view were associated with lower anxiety. Plants
Ay B P g P at home was not associated with anxiety.
(Sundara Keeren canti . . A S . . . .
50 etal,, 2021); Ergs;osectlonal Nature exercise; Nature therapy 4Dze)pressmn, Anxiety, Stress (DASS SPte:gslé:||;ar11t>|(?(;;nar;]a§Lgee;rheesrsa:gﬁ and nature exercise program were associated with a reduction in
Malaysia B ' ’ )
51 S—h;?)%i;(')lljt:’l[y ﬁrgsgbs; ctional Gardening activities General mental health (K9) Gardening (vs. no gardening) was associated with less mental health problems.
52 glc-)gT)a}sS%;t al., Ergsé-zsgctmﬂal g;fggli?\%zdﬂess to nature (INS scale); Nature deprivation | ..\ Well-being (flourishing HF1) bCeoirrlgectedness to nature and perceived nature deprivation were not associated with lower well-
(Vos et al., Cohort Greenspace area at 50 m, 100 m, 300 m, 500 m, and . . . . .
53 2022); Belgium N = 766 1000 m Stress Greenspace area at multiple buffer distances was associated with lowering stress.
(Wortzel et al., Cohort . . . . . Anxiety (GAD-7); Depression (PHQ- Greenspace at multiple buffer distances was associated with lowering depression but not with
54 2021); USA N =2089 Greenspace at 0-m, 100-m, 250-m, 500-m, 100-m 2); COVID-19 stress stress and anxiety.
(Xieetal., Cross-sectional Time spent in greenspace; Frequency of visits to . Time spent in greenspace was associated with less mental health problems. Frequent visit to
55 2020); China N =386 greenspace General mental health (1 item) nature was not associated with the mental health problem.
Ecological
56 %gg;tg’:}’na N = Urban residents of | Area of parks and green spaces (Parkland) Mental stress index Area of parks and greenspaces was associated with lowering stress.
’ 296 cities in China
57 %g;')nglfézl hogg;zlélécilzrlal Time spent in outdoor nature gnxwty (GAD-2); Depression (PHQ- Spending less time in outdoor nature was associated with higher depression and anxiety.
58 %g&;r)lgg;ﬁ]la ﬁrgs;bsg ctional Tree canopy coverage (TCC) General mental health (GHQ12) Higher tree cover was associated with lower odds of mental health problems.
(Zhuo & g .
59 Zacharias, ﬁrgs;ss:ctlonal E;?CSSE;;} of livable outdoor space (yard or terrace, Mental well-being (6-item) Having access to a balcony was negatively associated to mental well-being.
2021); China B

Notes: PHQ: Patient Health Questionnaire; CES-D: Center for Epidemiological Studies-Depression; GAD-7: Generalized Anxiety Disorder-7; DASS: Depression, Anxiety, Stress Scales; PSS: Perceived Stress
Scale-10; POMS: Profile of Mood States; WEMWS: Warwick—Edinburgh Mental Wellbeing Scale; PWI-SF: Psychosocial Well-Being Index; SCL: Symptom Checklist; SWE: Subjective Well-Being; STAI: State-
Trait Anxiety Inventory; PANAS: The Positive and Negative Affect Schedule; BDI: Beck Depression Inventory; MHC: Mental Health Continuum; GHQ: General Health Questionnaire, LSI: Life Satisfaction
Index; HFI: Harvard Flourishing Index; UCLA: University of California, Los Angeles.



Author Contributions:

Muhammad Mainuddin Patwary: Conceptualization, Data curation, methodology, formal analysis,
Writing-Original draft, review & editing.

Mondira Bardha: Conceptualization, Data curation, Writing-Original draft, review & editing.
Asma Safia Disha: Conceptualization, Data curation, Writing-Original draft.

Angel M. Dzhambov: Methodology, formal analysis, Writing- Review & editing.

Colby Parkinson: Writing-Original draft, review & editing.

Matthew H E M Browning: Conceptualization, methodology, Writing- Review & editing.

S M Labib: Conceptualization, Methodology, Writing- Review & editing.

Lincoln R Larson: Conceptualization, Methodology, Writing- Review & editing.

Md Zahidul Haque: Conceptualization, Data curation, Writing- Review & editing.

Md Atiqur Rahman: Conceptualization, Data curation, Writing- Review & editing

Md Ashraful Alam: Conceptualization, methodology, Writing- Review & editing

Md Faysal Tareq: Conceptualization, Data curation, Writing- Review & editing

Faysal Kabir Shuvo: Writing- Review & editing

Acknowledgment: Angel M. Dzhambov is supported by the “Strategic research and innovation
program for the development of Medical University — Plovdiv’ Ne BG-RRP-2.004-0007-C01, funded
under the European Union - NextGenerationEU (Recovery and resilience mechanism) — "A program
to accelerate economic recovery and transformation through science and innovation”, Pillar 2
"Establishment of a network of research universities in Bulgaria."

Conflicts of interest: The authors declare that they have no conflicts of interest to declare.
References

Amerio, A., Brambilla, A., Morganti, A., Aguglia, A., Bianchi, D., Santi, F., Costantini, L., Odone,
A., Costanza, A., Signorelli, C., Serafini, G., Amore, M., & Capolongo, S. (2020). Covid-19
lockdown: Housing built environmental 1™s effects on mental health. International Journal
of Environmental Research and Public Health, 17(16), 1-10.

Asim, F., Chani, P. S., & Shree, V. (2021). Impact of COVID-19 containment zone built-
environments on students’ mental health and their coping mechanisms. Building and
Environment, 203. https://doi.org/10.1016/j.buildenv.2021.108107

Astell-Burt, T., Hartig, T., Putra, I. G. N. E., Walsan, R., Dendup, T., & Feng, X. (2022). Green space
and loneliness: A systematic review with theoretical and methodological guidance for future
research (p. 2022.05.13.22275038). medRxiv. https://doi.org/10.1101/2022.05.13.22275038

Balshem, H., Helfand, M., Schiinemann, H. J., Oxman, A. D., Kunz, R., Brozek, J., Vist, G. E., Falck-
Ytter, Y., Meerpohl, J., Norris, S., & Guyatt, G. H. (2011). GRADE guidelines: 3. Rating the
quality of evidence. Journal of Clinical Epidemiology, 64(4), 401-406.
https://doi.org/10.1016/J.JCLINEPI.2010.07.015

Banerjee, D. (2020). The Impact of Covid-19 Pandemic on Elderly Mental Health. International
Journal of Geriatric Psychiatry, 35(12), 1466-1467. https://doi.org/10.1002/GPS.5320

Basu, M., DasGupta, R., Kumar, P., & Dhyani, S. (2021). Home gardens moderate the relationship
between Covid-19-induced stay-at-home orders and mental distress: A case study with urban
residents of India. Environmental Research Communications, 3(10), 105002.

Boers, S., Hagoort, K., Scheepers, F., & Helbich, M. (2018). Does Residential Green and Blue Space
Promote Recovery in Psychotic Disorders? A Cross-Sectional Study in the Province of
Utrecht, The Netherlands. International Journal of Environmental Research and Public
Health 2018, Vol. 15, Page 2195, 15(10), 2195. https://doi.org/10.3390/IJERPH15102195

Bos, E. H., van der Meulen, L., Wichers, M., & Jeronimus, B. F. (2016). A Primrose Path?
Moderating Effects of Age and Gender in the Association between Green Space and Mental
Health. International Journal of Environmental Research and Public Health 2016, Vol. 13,
Page 492, 13(5), 492. https://doi.org/10.3390/IJERPH13050492


https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(22)00282-0/fulltext

Bourion-Bédeés, S., Tarquinio, C., Batt, M., Tarquinio, P., Lebreuilly, R., Sorsana, C., Legrand, K.,
Rousseau, H., & Baumann, C. (2021a). Psychological impact of the COVID-19 outbreak on
students in a French region severely affected by the disease: Results of the PIMS-CoV 19
study. Psychiatry Research, 295, 113559.

Bourion-Bédes, S., Tarquinio, C., Batt, M., Tarquinio, P., Lebreuilly, R., Sorsana, C., Legrand, K.,
Rousseau, H., & Baumann, C. (2021b). Stress and associated factors among French university
students under the COVID-19 lockdown: The results of the PIMS-CoV 19 study. Journal of
Affective Disorders, 283, 108-114.

Bratman, G. N., Anderson, C. B., Berman, M. G., Cochran, B., de Vries, S., Flanders, J., Folke, C.,
Frumkin, H., Gross, J. J., Hartig, T., Kahn, P. H., Kuo, M., Lawler, J. J., Levin, P. S., Lindahl,
T., Meyer-Lindenberg, A., Mitchell, R., Ouyang, Z., Roe, J., ... Daily, G. C. (2019). Nature
and mental health: An ecosystem service perspective. In Science Advances (Vol. 5, Issue 7).
https://doi.org/10.1126/sciadv.aax0903

Browning, M. H. E. M., Larson, L. R., Sharaievska, I., Rigolon, A., McAnirlin, O., Mullenbach, L.,
Cloutier, S., Vu, T. M., Thomsen, J., Reigner, N., Metcalf, E. C., D’ Antonio, A., Helbich, M.,
Bratman, G. N., & Alvarez, H. O. (2021). Psychological impacts from COVID-19 among
university students: Risk factors across seven states in the United States. PloS One, 16(1),
e0245327. https://doi.org/10.1371/journal.pone.0245327

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,
1-6.

Bulfone, T. C., Malekinejad, M., Rutherford, G. W., & Razani, N. (2021). Outdoor Transmission of
SARS-CoV-2 and Other Respiratory Viruses: A Systematic Review. The Journal of infectious
diseases, 223(4), 550-561. https://doi.org/10.1093/infdis/jiaa742

Chatterjee, S. S., Barikar C, M., & Mukherjee, A. (2020). Impact of COVID-19 pandemic on pre-
existing mental health problems. Asian Journal of Psychiatry, 51, 102071.
https://doi.org/10.1016/J.AJP.2020.102071

Chen, Y. Y., & Liu, Y. (2021). Which Risk Factors Matter More for Psychological Distress during the
COVID-19 Pandemic? An Application Approach of Gradient Boosting Decision Trees.
International Journal of Environmental Research and Public Health, 18(11).
https://doi.org/10.3390/ijerph18115879

Cheng, Y. Y., Zhang, J. G., Wei, W., & Zhao, B. (2021). Effects of urban parks on residents’
expressed happiness before and during the COVID-19 pandemic. LANDSCAPE AND URBAN
PLANNING, 212. https://doi.org/10.1016/j.lurbplan.2021.104118

Corley, J., Okely, J. A, Taylor, A. M., Page, D., Welstead, M., Skarabela, B., Redmond, P., Cox, S.
R., & Russ, T. C. (2021). Home garden use during COVID-19: Associations with physical
and mental wellbeing in older adults. Journal of Environmental Psychology, 73, 8.
http://dx.doi.org/10.1016/j.jenvp.2020.101545

Doi, S. A. R., Furuya-Kanamori, L., Thalib, L., & Barendregt, J. J. (2017). Meta-analysis in evidence-
based healthcare: A paradigm shift away from random effects is overdue. International
Journal of Evidence-Based Healthcare, 15(4), 152-160.
https://doi.org/10.1097/XEB.0000000000000125

Dzhambov, A. M., Lercher, P., Browning, M. M. H. E. M., Stoyanov, D., Petrova, N., Novakov, S., &
Dimitrova, D. D. (2021). Does greenery experienced indoors and outdoors provide an escape
and support mental health during the COVID-19 quarantine? ENVIRONMENTAL
RESEARCH, 196, 110420. https://doi.org/10.1016/j.envres.2020.110420

Egger, M., Smith, G. D., Schneider, M., & Minder, C. (1997). Bias in meta-analysis detected by a
simple, graphical test. BMJ, 315(7109), 629-634. https://doi.org/10.1136/bm;j.315.7109.629

England, N. (2020). The People and Nature Survey for England: Adult Data Y1Q1 (April—June
2020) (Experimental Statistics)}—GOV.UK. https://www.gov.uk/government/statistics/the-
people-and-nature-survey-for-england-adult-data-y1qgl-april-june-2020-experimental-
statistics

Friedman, S., Imrie, S., Fink, E., Gedikoglu, M., & Hughes, C. (2022a). Understanding changes to
children’s connection to nature during the COVID-19 pandemic and implications for child
well-being. People and Nature, 4(1), 155-165. https://doi.org/10.1002/pan3.10270



https://doi.org/10.1093/infdis/jiaa742

Furuya-Kanamori, L., Barendregt, J. J., & Doi, S. A. R. (2018). A new improved graphical and
guantitative method for detecting bias in meta-analysis. JBI Evidence Implementation, 16(4),
195. https://doi.org/10.1097/XEB.0000000000000141

Garrido-Cumbrera, M., Foley, R., BraAS8e, O., Correa-FernAjndez, J., LA%pez-Lara, E., Guzman, V.,
GonzAijlez MarA-n, A., & Hewlett, D. (2021). Perceptions of Change in the Natural
Environment produced by the First Wave of the COVID-19 Pandemic across Three European
countries. Results from the GreenCOVID study. Urban Forestry and Urban Greening, 64.

Gascon, M., Sanchez-Benavides, G., Dadvand, P., Martinez, D., Gramunt, N., Gotsens, X., Cirach,
M., Vert, C., Molinuevo, J. L., Crous-Bou, M., & Nieuwenhuijsen, M. (2018). Long-term
exposure to residential green and blue spaces and anxiety and depression in adults: A cross-
sectional study. Environmental Research, 162, 231-239.
https://doi.org/10.1016/J.ENVRES.2018.01.012

Geng, D., Innes, J., Wu, W., & Wang, G. (2021). Impacts of COVID-19 pandemic on urban park
visitation: a global analysis. Journal of Forestry Research, 32(2), 553-567.
https://doi.org/10.1007/s11676-020-01249-w

Gola, M., Botta, M., D’ Aniello, A. L., & Capolongo, S. (2021). Influence of Nature at the Time of the
Pandemic: An Experience-Based Survey at the Time of SARS-CoV-2 to Demonstrate How
Even a Short Break in Nature Can Reduce Stress for Healthcare Staff. Health Environments
Research & Design Journal (HERD) (Sage Publications, Ltd.), 14(2), 49-65.

Groot, J., Keller, A., Joensen, A., Nguyen, T. L., Nybo Andersen, A. M., & Strandberg-Larsen, K.
(2022). Impact of housing conditions on changes in youthd(J™s mental health following the
initial national COVID-19 lockdown: A cohort study. Scientific Reports, 12(1).

Guyatt, G. H., Oxman, A. D., Kunz, R., Brozek, J., Alonso-Coello, P., Rind, D., Devereaux, P. J.,
Montori, V. M., Freyschuss, B., Vist, G., Jaeschke, R., Williams, J. W., Murad, M. H.,
Sinclair, D., Falck-Ytter, Y., Meerpohl, J., Whittington, C., Thorlund, K., Andrews, J., &
Schiinemann, H. J. (2011). GRADE guidelines 6. Rating the quality of evidence—
Imprecision. Journal of Clinical Epidemiology, 64(12), 1283-1293.
https://doi.org/10.1016/J.JCLINEPI.2011.01.012

Guyatt, G. H., Oxman, A. D., Vist, G. E., Kunz, R., Falck-Ytter, Y., Alonso-Coello, P., &
Schiinemann, H. J. (2008). GRADE: an emerging consensus on rating quality of evidence and
strength of recommendations. BMJ, 336(7650), 924-926.
https://doi.org/10.1136/BMJ.39489.470347.AD

Hansmann, R., Fritz, L., Pagani, A., CIA©ment, G., & Binder, C. R. (2021). Activities, Housing
Situation and Other Factors Influencing Psychological Strain Experienced During the First
COVID-19 Lockdown in Switzerland. Front Psychol, 12, 735293.

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

Heckert, M., & Bristowe, A. (2021). Parks and the pandemic: A scoping review of research on green
infrastructure use and health outcomes during covid-19. International Journal of
Environmental Research and Public Health, 18(24). https://doi.org/10.3390/ijerph182413096

Heo, S., Desai, M. U., Lowe, S. R., & Bell, M. L. (2021). Impact of changed use of greenspace during
covid-19 pandemic on depression and anxiety. International Journal of Environmental
Research and Public Health, 18(11).

Higgins, J. P. T., & Thompson, S. G. (2002). Quantifying heterogeneity in a meta-analysis. Statistics
in Medicine, 21(11), 1539-1558. https://doi.org/10.1002/sim.1186

Holland, W. H., Powell, R. B., Thomsen, J. M., & Monz, C. A. (2018). A Systematic Review of the
Psychological, Social, and Educational Outcomes Associated with Participation in Wildland
Recreational Activities. Journal of outdoor recreation, education, and leadership, 10(3), 197-
225. https://doi.org/10.18666/JOREL -2018-VV10-13-8382

Hossain, M. M., Sultana, A., & Purohit, N. (2020). Mental health outcomes of quarantine and
isolation for infection prevention: A systematic umbrella review of the global evidence.
Epidemiology and Health, 42. https://doi.org/10.4178/EPIH.E2020038

Hossain, M. M., Tasnim, S., Sultana, A., Faizah, F., Mazumder, H., Zou, L., McKyer, E. L. J.,
Ahmed, H. U., & Ma, P. (2020). Epidemiology of mental health problems in COVID-19: A
review. F1000Research, 9, 636. https://doi.org/10.12688/f1000research.24457.1



https://doi.org/10.1007/s11676-020-01249-w
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.18666/JOREL-2018-V10-I3-8382

Hubbard, G., Daas, C. den, Johnston, M., Murchie, P., Thompson, C. W., Dixon, D., den Daas, C.,
Johnston, M., Murchie, P., Thompson, C. W., & Dixon, D. (2021). Are Rurality, Area
Deprivation, Access to Outside Space, and Green Space Associated with Mental Health
during the COVID-19 Pandemic? A Cross Sectional Study (CHARIS-E). INTERNATIONAL
JOURNAL OF ENVIRONMENTAL RESEARCH AND PUBLIC HEALTH, 18(8).
https://doi.org/10.3390/ijerph18083869

Huerta, C. M., & Utomo, A. (2021). Evaluating the association between urban green spaces and
subjective well-being in Mexico city during the COVID-19 pandemic. HEALTH & PLACE,
70.

Humagain, P., & Singleton, P. A. (2021). Exploring tourists' motivations, constraints, and
negotiations regarding outdoor recreation trips during COVID-19 through a focus group
study. Journal of Outdoor Recreation and Tourism, 36, 100447.
https://doi.org/10.1016/j.jort.2021.100447

Jackson, S. B., Stevenson, K. T., Larson, L. R., Peterson, M. N., & Seekamp, E. (2021a). Connection
to Nature Boosts Adolescents’ Mental Well-Being during the COVID-19 Pandemic.
Sustainability, 13(21), 12297.

Jackson, S. B., Stevenson, K. T., Larson, L. R., Peterson, M. N., & Seekamp, E. (2021b). Outdoor
Activity Participation Improves Adolescents’ Mental Health and Well-Being during the
COVID-19 Pandemic. International Journal of Environmental Research and Public Health
2021, Vol. 18, Page 2506, 18(5), 2506. https://doi.org/10.3390/1JERPH18052506

Jato-Espino, D., MoscardA3, V., Vallina RodrA-guez, A., & LAjzaro, E. (2022). Spatial statistical
analysis of the relationship between self-reported mental health during the COVID-19
lockdown and closeness to green infrastructure. Urban For Urban Green, 68, 127457.

Javad, M., Sakhvidi, Z., Yang, J., Mehrparvar, A. H., Dzhambov, A. M., Ebrahimi, A., Dadvand, P.,
& Jacquemin, B. (2022). Ur na. Science of the Total Environment, 156180.
https://doi.org/10.1016/j.scitotenv.2022.156180

Johnson, P. 1., Sutton, P., Atchley, D. S., Koustas, E., Lam, J., Sen, S., Robinson, K. A., Axelrad, D.
A., & Woodruff, T. J. (2014). The Navigation guide—Evidence-based medicine meets
environmental health: Systematic review of human evidence for PFOA effects on fetal growth.
Environmental Health Perspectives, 122(10), 1028-1039.
https://doi.org/10.1289/EHP.1307893

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

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

Kim, Y.-J., & Kang, S.-W. (2021). Perceived Crowding and Risk Perception According to Leisure
Activity Type during COVID-19 Using Spatial Proximity. International Journal of
Environmental Research and Public Health, 18(2), 457.
https://doi.org/10.3390/ijerph18020457

Kono, S. (2018). Constraining, Negotiating, and Facilitating Leisure after Disaster: a Case of the
Great East Japan Earthquake and Tsunami. International Journal of the Sociology of Leisure,
1(2), 171-195. https://doi.org/10.1007/s41978-018-0011-0

Kontsevaya, A. V, Mukaneeva, D. K., Myrzamatova, A. O., Okely, A. D., & Drapkina, O. M. (2021).
Changes in physical activity and sleep habits among adults in Russian Federation during
COVID-19: A cross-sectional study. BMC Public Health, 21(1), 1-12.

Kou, H. Y., Zhang, S. C., Li, W. J., & Liu, Y. L. (2021). Participatory Action Research on the Impact
of Community Gardening in the Context of the COVID-19 Pandemic: Investigating the
Seeding Plan in Shanghai, China. INTERNATIONAL JOURNAL OF ENVIRONMENTAL
RESEARCH AND PUBLIC HEALTH, 18(12).

Labib, S. M., Browning, M. H. E. M., Rigolon, A., Helbich, M., & James, P. (2022). Nature’s
contributions in coping with a pandemic in the 21st century: A narrative review of evidence
during COVID-19. Science of The Total Environment, 833, 155095.
https://doi.org/10.1016/J.SCITOTENV.2022.155095



https://doi.org/10.1016/j.jort.2021.100447
https://doi.org/10.1016/0272-4944(95)90001-2
https://doi.org/10.3390/ijerph18020457
https://doi.org/10.1007/s41978-018-0011-0

Lackey, N. Q., Tysor, D. A., McNay, G. D., Joyner, L., Baker, K. H., & Hodge, C. (2021). Mental
health benefits of nature-based recreation: a systematic review. Annals of Leisure Research,
24(3), 379-393. https://doi.org/10.1080/11745398.2019.1655459

Lades, L. K., Laffan, K., Daly, M., & Delaney, L. (2020). Daily emotional well-being during the
COVID-19 pandemic. British Journal of Health Psychology, 25(4), 902-911.

Lanza-Ledn, P., Pascual-S&ez, M., & Cantarero-Prieto, D. (2021). Alleviating mental health disorders
through doses of green spaces: An updated review in times of the COVID-19 pandemic. In
International Journal of Environmental Health Research.
https://doi.org/10.1080/09603123.2021.2005780

Larson, L. R., Mullenbach, L. E., Browning, M. H. E. M., Rigolon, A., Thomsen, J., Metcalf, E. C.,
Reigner, N. P., Sharaievska, 1., McAnirlin, O., D’ Antonio, A., Cloutier, S., Helbich, M., &
Labib, S. M. (2022). Greenspace and park use associated with less emotional distress among
college students in the United States during the COVID-19 pandemic. Environmental
Research, 204. https://doi.org/10.1016/j.envres.2021.112367

LAphmus, M., Stenfors, C. U. D., Lind, T., Lauber, A., & Georgelis, A. (2021). Mental Health,
Greenness, and Nature Related Behaviors in the Adult Population of Stockholm County
during COVID-19-Related Restrictions. Int J Environ Res Public Health, 18(6).

Lee, D.-G., Lee, M.-M., Jeong, Y.-M., Kim, J.-G., Yoon, Y.-K., & Shin, W.-S. (2021). Influence of
forest visitors’ perceived restorativeness on social-psychological stress. International Journal
of Environmental Research and Public Health, 18(12).
https://doi.org/10.3390/ijerph18126328

Lehberger, M., Kleih, A.-K. K., & Sparke, K. (2021). Self-reported well-being and the importance of
green spaces-A comparison of garden owners and non-garden owners in times of COVID-19.
Landscape and Urban Planning, 212. https://doi.org/10.1016/j.landurbplan.2021.104108

Lenaerts, A., Heyman, S., De Decker, A., Lauwers, L., Sterckx, A., Remmen, R., Bastiaens, H., &
Keune, H. (2021). Vitamin Nature: How Coronavirus Disease 2019 Has Highlighted Factors
Contributing to the Frequency of Nature Visits in Flanders, Belgium. Frontiers in Public
Health, 9, 646568. https://doi.org/10.3389/fpubh.2021.646568

Luque-Garcia, L., Corrales, A., Lertxundi, A., Diaz, S., & Ibarluzea, J. (2022). Does exposure to
greenness improve children’s neuropsychological development and mental health? A
Navigation Guide systematic review of observational evidence for associations.
Environmental Research, 206, 112599. https://doi.org/10.1016/J.ENVRES.2021.112599
https://doi.org/10.1016/j.envres.2017.06.028

Markevych, I., Schoierer, J., Hartig, T., Chudnovsky, A., Hystad, P., Dzhambov, A. M., de Vries, S.,
Triguero-Mas, M., Brauer, M., Nieuwenhuijsen, M. J., Lupp, G., Richardson, E. A., Astell-
Burt, T., Dimitrova, D., Feng, X., Sadeh, M., Standl, M., Heinrich, J., & Fuertes, E. (2017).
Exploring pathways linking greenspace to health: Theoretical and methodological guidance.
In Environmental Research (Vol. 158, pp. 301-317).
https://doi.org/10.1016/j.envres.2017.06.028

Marques, P., Silva, A. S., Quaresma, Y., Manna, L. R., de MagthAEes Neto, N., & Mazzoni, R.
(2021). Home gardens can be more important than other urban green infrastructure for mental
well-being during COVID-19 pandemics. Urban Forestry and Urban Greening, 64.

Mead, J. P., Fisher, Z., Tree, J. J., Wong, P. T. P., & Kemp, A. H. (2021). Protectors of Wellbeing
During the COVID-19 Pandemic: Key Roles for Gratitude and Tragic Optimism in a UK-
Based Cohort. Front Psychol, 12, 647951.

Millan-Jiménez, A., Herrera-Limones, R., Lopez-Escamilla, A., Lopez-Rubio, E., & Torres-Garcia,
M. (2021). Confinement, comfort and health: Analysis of the real influence of lockdown on
university students during the covid-19 pandemic. International Journal of Environmental
Research and Public Health, 18(11). https://doi.org/10.3390/ijerph18115572

Mintz, K. K., Ayalon, O., Nathan, O., & Eshet, T. (2021). See or Be? Contact with nature and well-
being during COVID-19 lockdown. Journal of Environmental Psychology, 101714.

Nigg, C., Petersen, E., & Maclntyre, T. (2021). Natural Environments, Psychosocial Health, and
Health Behaviors during COVID-19-A Scoping Review.

Okely, A. D., Kariippanon, K. E., Guan, H., Taylor, E. K., Suesse, T., Cross, P. L., Chong, K. H.,
Suherman, A., Turab, A., Staiano, A. E., Ha, A. S., El Hamdouchi, A., Baig, A., Poh, B. K.,



https://doi.org/10.1080/11745398.2019.1655459
https://doi.org/10.1016/j.envres.2017.06.028

Del Pozo-Cruz, B., Chan, C. H. S., NystrAfm, C. D., Koh, D., Webster, E. K., & Lubree, H.
(2021). Global effect of COVID-19 pandemic on physical activity, sedentary behaviour and
sleep among 3- to 5-year-old children: A longitudinal study of 14 countries. BMC Public
Health, 21(1), 1-15.

Olszewska-Guizzo, A., Fogel, A., Escoffier, N., & Ho, R. (2021). Effects of COVID-19-related stay-
at-home order on neuropsychophysiological response to urban spaces: Beneficial role of
exposure to nature? Journal of Environmental Psychology, 75.

Oswald, T. K., Rumbold, A. R., Kedzior, S. G. E., Kohler, M., & Moore, V. M. (2021). Mental health
of young australians during the covid-19 pandemic: Exploring the roles of employment
precarity, screen time, and contact with nature. International Journal of Environmental
Research and Public Health, 18(11).

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., Shamseer,
L., Tetzlaff, J. M., AKl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M.,
Hrébjartsson, A., Lalu, M. M, Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S., ...
Mobher, D. (2021). The PRISMA 2020 statement: An updated guideline for reporting
systematic reviews. BMJ, 372. https://doi.org/10.1136/BMJ.N71

Patwary, M. M., Bardhan, M., Disha, A. S., Kabir, M. P., Hossain, Md. R., Alam, M. A., Haque, Md.
Z., Billah, S. M., Browning, M. H. E. M., Kabir, R., Swed, S., & Shoib, S. (2022). Mental
Health Status of University Students and Working Professionals during the Early Stage of
COVID-19 in Bangladesh. International Journal of Environmental Research and Public
Health 2022, Vol. 19, Page 6834, 19(11), 6834. https://doi.org/10.3390/IJERPH19116834

Pearson, A. L., Breeze, V., Reuben, A., & Wyatt, G. (2021). Increased Use of Porch or Backyard
Nature during COVID-19 Associated with Lower Stress and Better Symptom Experience
among Breast Cancer Patients. International Journal of Environmental Research and Public
Health, 18(17), 9102.

Pérez-Urrestarazu, L., Kaltsidi, M. P., Nektarios, P. A., Markakis, G., Loges, V., Perini, K., &
Fernandez-Cafiero, R. (2021). Particularities of having plants at home during the confinement
due to the COVID-19 pandemic. Urban Forestry and Urban Greening, 59.
https://doi.org/10.1016/j.ufug.2020.126919

Poortinga, W., Bird, N., Hallingberg, B., Phillips, R., & Williams, D. (2021). The role of perceived
public and private green space in subjective health and wellbeing during and after the first
peak of the COVID-19 outbreak. Landscape and Urban Planning, 211.
https://doi.org/10.1016/j.landurbplan.2021.104092

Pouso, S., Borja, A., Fleming, L. E., Gdmez-Baggethun, E., White, M. P., & Uyarra, M. C. (2021).
Contact with blue-green spaces during the COVID-19 pandemic lockdown beneficial for
mental health. The Science of the Total Environment, 756, 143984.
https://doi.org/10.1016/j.scitotenv.2020.143984

Ribeiro, A. 1., Triguero-Mas, M., Jardim Santos, C., GA3mez-Nieto, A., Cole, H., Anguelovski, I.,
Silva, F. M., & BarA®, F. (2021). Exposure to nature and mental health outcomes during
COVID-19 lockdown. A comparison between Portugal and Spain. Environment International,
154.

Robinson, J. M., Brindley, P., Cameron, R., MacCarthy, D., & Jorgensen, A. (2021). Nature’s Role in
Supporting Health during the COVID-19 Pandemic: A Geospatial and Socioecological Study.
Int J Environ Res Public Health, 18(5).

Rossi, R., Socci, V., Talevi, D., Mensi, S., Niolu, C., Pacitti, F., Di Marco, A., Rossi, A., Siracusano,
A., & Di Lorenzo, G. (2020). COVID-19 Pandemic and Lockdown Measures Impact on
Mental Health Among the General Population in Italy. Frontiers in Psychiatry, 11, 790.
https://doi.org/10.3389/FPSYT.2020.00790/BIBTEX

Rung, A., Broyles, S., Mowen, A., Gustat, J., & Sothern, M. (2011). Escaping to and being active in
neighbourhood parks: park use in a post-disaster setting. Disasters, 35(2), 383-403.
https://doi.org/10.1111/j.1467-7717.2010.01217.x

Samuelsson, K., Barthel, S., Giusti, M., & Hartig, T. (2021). Visiting nearby natural settings
supported wellbeing during Sweden’s 4l lcesoft-toucha€ = pandemic restrictions. Landscape
and Urban Planning, 214.



https://doi.org/10.1111/j.1467-7717.2010.01217.x

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.

Sansal, K. E., Balci, L. A., Cinar, F., Coskunsu, D. K., Tanriover, S. H., & Uluengin, M. B. (2021).
RELATIONSHIP OF DAILY TIME SPENT OUTDOORS WITH SLEEP QUALITY AND
EMOTIONAL WELL-BEING AMONG COMMUNITY-DWELLING OLDER ADULTS
DURING COVID-19 RESTRICTIONS. TURKISH JOURNAL OF GERIATRICS-TURK
GERIATRI DERGISI, 24(3), 424-432.

Sia, A, Tan, P. Y., Wong, J. C. M., Araib, S., Ang, W. F., & Er, K. B. H. (2022). The impact of
gardening on mental resilience in times of stress: A case study during the COVID-19
pandemic in Singapore. Urban For Urban Green, 68, 127448.

Soga, M., Evans, M. J., Tsuchiya, K., Fukano, Y., Soga, M., Evans, M. J., Tsuchiya, K., & Fukano, Y.
(2020). A room with a green view: The importance of nearby nature for mental health during
the COVID-19 pandemic. https://doi.org/10.1002/eap.2248

Spano, G., D’Este, M., Giannico, V., Elia, M., Cassibba, R., Lafortezza, R., & Sanesi, G. (2021).
Association between indoor-outdoor green features and psychological health during the
COVID-19 lockdown in Italy: A cross-sectional nationwide study. Urban For Urban Green,
62, 127156.

Sundara Keeren, R., Singh Karam, D., Abdu, A., Rosli, Z., & James Gerusu, G. (2021). Addressing
psychosocial issues caused by the COVID-19 lockdown: Can urban greeneries help? Urban
Forestry and Urban Greening, 65. https://doi.org/10.1016/j.ufug.2021.127340

Talevi, D., Socci, V., Carai, M., Carnaghi, G., Faleri, S., Trebbi, E., Bernardo, A. D. I., Capelli, F., &
Pacitti, F. (2020). Mental health outcomes of the covid-19 pandemic. Rivista Di Psichiatria,
55(3), 137-144. https://doi.org/10.1708/3382.33569

Theodorou, A., Panno, A., Carrus, G., Carbone, G. A., Massullo, C., & Imperatori, C. (2021). Stay
home, stay safe, stay green: The role of gardening activities on mental health during the
Covid-19 home confinement. Urban Forestry & Urban Greening, 61, 127091.
https://doi.org/10.1016/J.UFUG.2021.127091

Tomasso, L. P., Yin, J., Laurent, J. G. C., Chen, J. T., Catalano, P. J., & Spengler, J. D. (2021). The
relationship between nature deprivation and individual wellbeing across urban gradients
under covid-19. International Journal of Environmental Research and Public Health, 18(4),
1-20.

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.

Vindegaard, N., & Benros, M. E. (2020). COVID-19 pandemic and mental health consequences:
Systematic review of the current evidence. In Brain, Behavior, and Immunity.
https://doi.org/10.1016/j.bbi.2020.05.048

Vos, S., Bijnens, E. M., Renaers, E., Croons, H., Van Der Stukken, C., Martens, D. S., Plusquin, M.,
& Nawrot, T. S. (2022). Residential green space is associated with a buffering effect on stress
responses during the COVID-19 pandemic in mothers of young children, a prospective study.
Environmental Research, 208, N.PAG-N.PAG.

Woodruff, T. J., & Sutton, P. (2014). The navigation guide systematic review methodology: A
rigorous and transparent method for translating environmental health science into better
health outcomes. Environmental Health Perspectives, 122(10), 1007-1014.
https://doi.org/10.1289/EHP.1307175

Wortzel, J. D., Wiebe, D. J., DiDomenico, G. E., Visoki, E., South, E., Tam, V., Greenberg, D. M.,
Brown, L. A, Gur, R. C,, Gur, R. E., & Barzilay, R. (2021). Association Between Urban
Greenspace and Mental Wellbeing During the COVID-19 Pandemic in a U.S. Cohort.
Frontiers in Sustainable Cities, 3.

Xie, J., Luo, S., Furuya, K., & Sun, D. (2020). Urban parks as green buffers during the COVID-19
pandemic. Sustainability (Switzerland), 12(17).

Xiong, J., Lipsitz, O., Nasri, F., Lui, L. M. W., Gill, H., Phan, L., Chen-Li, D., lacobucci, M., Ho, R.,
Majeed, A., & Mclintyre, R. S. (2020). Impact of COVID-19 pandemic on mental health in



the general population: A systematic review. Journal of Affective Disorders, 277, 55-64.
https://doi.org/10.1016/J.JAD.2020.08.001

Yao, Y., Lu, Y., Guan, Q., & Wang, R. (2022). Can parkland mitigate mental health burden imposed
by the COVID-19? A national study in China. Urban Forestry and Urban Greening, 67.

Young, D. R., Hong, B. D., Lo, T., Inzhakova, G., Cohen, D. A., & Sidell, M. A. (2021). The
longitudinal associations of physical activity, time spent outdoors in nature and symptoms of
depression and anxiety during COVID-19 gquarantine and social distancing in the United
States. Preventive Medicine, 106863.

Zare Sakhvidi, M. J., Yang, J., Mehrparvar, A. H., Dzhambov, A. M., Ebrahimi, A., Dadvand, P., &
Jacquemin, B. (2022). Exposure to greenspace and cancer incidence, prevalence, and
mortality: A systematic review and meta-analyses. Science of The Total Environment, 838,
156180. https://doi.org/10.1016/J.SCITOTENV.2022.156180

Zhang, C., Wang, C., Chen, C., Tao, L., Jin, J., Wang, Z., & Jia, B. (2022). Effects of tree canopy on
psychological distress: A repeated cross-sectional study before and during the COVID-19
epidemic. Environmental Research, 203.

Zhang, R., Zhang, C.-Q., & Rhodes, R. E. (2021). The pathways linking objectively-measured
greenspace exposure and mental health: A systematic review of observational studies.
Environmental Research, 198, 111233. https://doi.org/10.1016/j.envres.2021.111233

Zhuo, K., & Zacharias, J. (2021). The impact of out-of-home leisure before quarantine and domestic
leisure during quarantine on subjective well-being. Leisure Studies, 40(3), 321-337.



https://doi.org/10.1016/j.envres.2021.111233

