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The effectiveness of group-based gardening interventions for improving
wellbeing and reducing symptoms of mental ill-health in adults: a systematic
review and meta-analysis
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ABSTRACT

Background: There is increasing interest in the association between nature, health and wellbeing.
Gardening is a popular way in which interaction with nature occurs and numerous gardening projects
aim to facilitate wellbeing among participants. More research is needed to determine their effectiveness.
Aim: To systematically evaluate the effectiveness of group-based gardening interventions for increas-
ing wellbeing and reducing symptoms of mental ill-health in adults.

Methods: A systematic review of Randomised Controlled Trials was conducted following the protocol
submitted to PROSPERO (CRD42020162187). Studies reporting quantitative validated health and well-
being outcomes of the community residing, adult populations (18+) were eligible for inclusion.
Results: 24 studies met inclusion criteria: 20 completed and four ongoing trials. Meta-analyses suggest
these interventions may increase wellbeing and may reduce symptoms of depression, however, there
was uncertainty in the pooled effects due to heterogeneity and unclear risk of bias for many studies.
There were mixed results for other outcomes.

Research limitations/implications: Heterogeneity and small sample sizes limited the results. Poor
reporting precluded meta-analysis for some studies. Initial findings for wellbeing and depression are
promising and should be corroborated in further studies. The research area is active, and the results
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of the ongoing trials identified will add to the evidence base.

Introduction

In recent years, there has been a resurgence of interest in
the way in which nature and green space can promote
human health and wellbeing (Clatworthy et al., 2013). The
evidence for the health benefits of gardening is associated
with this wider body of literature (Buck, 2016). Ecological
models of health, such as Barton and Grant (2006) Health
Map, illustrate the influence that the natural environment
has, above all other determinants of health, in providing the
context in which we live our lives, including the provision
of ecosystem services and opportunities for health-promot-
ing behaviours. Consequently, health interventions that util-
ise nature as a way of public health promotion have the
potential to result in wide-reaching positive effects for both
people and the planet (Dean et al., 2011; Harris, 2017). This
growing interest in the relationship between humans and
the environment has led to the identification of a new
research paradigm: "Human health-environment interaction
science’, a transdisciplinary approach that encompasses both
the effects of humans on the environment and the effect of

the environment on human health and wellbeing (Spano
et al., 2020a).

In addition, the current interest in social prescribing, a
method of linking patients to non-clinical support within their
communities to address the complex multimorbidity and psy-
cho-social needs of patients, represents an opportunity for wider
implementation of these interventions across the UK (Howarth
et al., 2020; Thomson et al., 2015). As a result, it is essential to
determine the effectiveness of gardening interventions and to
ensure that the evidence base reflects what is considered quality
evidence in the field of medicine and public health.

For the purpose of this review, gardening interventions
are defined as organised programmes of group-based gar-
dening activities. This definition includes Social and
Therapeutic Horticulture (STH) projects, which aim to use
gardening activities to improve the general wellbeing of par-
ticipants (Sempik, 2010) as well as horticultural therapy,
which can be distinguished from STH due to its focus on
achieving clinical goals and facilitation by therapists trained
in horticulture (Cipriani et al., 2017; Sempik, 2010).
However, in practice, there is likely to be some overlap
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between these two types of interventions (Annerstedt &
Wiahrborg, 2011).

Background

The salutogenic effects of natural environments are often
explained by their restorative qualities whereby restoration
is the “process of renewing, recovering or re-establishing
physical, psychological and social resources or capabilities”
(Hartig, 2004; 273). Two well-evidenced and prominent the-
ories seek to explain the mechanisms through which natural
environments facilitate restoration: the Stress Reduction
Theory (SRT) (Ulrich, 1984; Ulrich et al., 1991) and the
Attention Restoration Theory (ART) (Kaplan, 1995; Kaplan
& Kaplan, 1989).

Ulrich’s (1984) Stress Reduction Theory, suggests this
restorative quality results from the natural stimuli found in
nature which activates the parasympathetic nervous system,
facilitating psycho-physiological stress recovery.

The Attention Restoration Theory (ART) (Kaplan, 1995;
Kaplan & Kaplan, 1989) proposes that natural environ-
ments, and the stimuli they expose us to, facilitate a person-
environment interaction, which can restore the capacity for
directed attention, by activating involuntary attention
(Kaplan, 1995; Kaplan & Kaplan, 1989). The outcome of
which is greater positive affect, less negative affect and due
to a reduction in mental fatigue, renewed capacity for cogni-
tive tasks.

These psycho-evolutionary theories are related to
Wilson’s (1984) Biophilia Hypothesis which proposes
humans’ innate affiliation with nature as a result of physio-
logical and psychological evolutionary adaption to natural
environments. Both are frequently used to explain how gar-
dening and gardening interventions can benefit health, espe-
cially in relation to psychological outcomes. However,
Harris (2017) argues that such theories often dominate the
literature, overshadowing the contributions of other aspects
of the interventions, for example, the physical activity and
social interaction they facilitate.

As Hartig et al. (2014) explain, it is likely that the pro-
posed mechanisms for how gardening interventions can
benefit health interact with each other. Similarly, Sempik
(2010) emphasises that it is a result of the interaction of the
various components of gardening interventions: the activ-
ities, the setting, and the social environment, that makes
them therapeutic. Gardening-based interventions, including
horticultural therapy, can incorporate other activities that
may not be directly related to gardening, such as mindful-
ness or craft activities (Corazon et al., 2010; Harris, 2017;
Sempik, 2010).

A recent systematic review and meta-analysis on garden-
ing interventions for psychosocial wellbeing, which assessed
outcomes such as trust, social cooperation and social net-
works, found positive results, with moderate effects reported
(Spano et al., 2020b). The findings provide quantitative evi-
dence of the benefit of such interventions for psychosocial
outcomes and can also lend support to the importance of
the community and social aspects of these interventions for

wellbeing outcomes. The results also align with the findings
of Soga et al. (2017) meta-analysis into the benefits of gar-
dening outdoors for health, where an overall significant
positive effect was found from the results of 21 quantitative
studies (76 comparisons). Sub-group analysis also demon-
strated significant benefits, with the greatest effect sizes
reported on wellbeing variables, when participants were
patients, and where the gardening type was described as
a therapy.

Of the reviews that have focused on gardening interven-
tions for adults’ mental health (see Cipriani et al., 2017;
Clatworthy et al, 2013; Kamioka et al, 2014) all have
reported positive effects of the interventions. However, the
authors highlighted the various limitations of the included
studies which impacted the conclusions that could be drawn
from the results. For example, while the studies in
Clatworthy et al. (2013) review all reported positive effects,
such as significant reductions in symptoms of depression
and anxiety, the lack of control groups in many of the stud-
ies led the authors to conclude that research methods more
suited to asserting causation were required. Similarly, the
four Randomised Controlled Trials (RCTs) assessed by
Kamioka et al. (2014) all reported some positive outcomes,
for example, reductions in symptoms of depression, which
led the authors to conclude that horticultural therapy may
be effective for a range of mental health conditions.
However, due to the small number of studies and hetero-
geneity of the populations, they also concluded that more
evidence was needed. More recently, Cipriani et al. (2017)
review, which focussed on horticultural therapy recom-
mended its wider use within occupational therapy.
Nevertheless, the authors acknowledged the various meth-
odological and reporting limitations of the studies, and that
the population group was predominantly older adults.

Since these reviews, there has been an increase in the
quality and quantity of research in the field which repre-
sents an opportunity to reassess the effectiveness of garden-
ing interventions for improving adults’ mental health and
wellbeing and further the evidence base for this research
area so that the policy implications highlighted by many
authors in the field have the potential to be realised (Buck,
2016; Howarth et al., 2020; Sempik et al., 2010; Soga et al.,
2017; Thompson, 2018).

Methodology
Aim
To systematically evaluate the effectiveness of gardening

interventions for increasing wellbeing and reducing symp-
toms of mental ill-health in adults.

Methods

A systematic review was conducted in line with the protocol
submitted to PROSPERO (CRD42020162187).



Search strategy

The search was conducted in the following databases from
database inception to 10™ July 2021 PsychINFO; Excerpta
Medica database (EMBASE); Web of Science Applied Social
Sciences Index and Abstracts (ASSIA); Cochrane Central
Register of Controlled Trials (CENTRAL); Cumulative
Index to Nursing and Allied Health Literature (CINAHL);
Allied and Complementary Medicine (AMED) and Medical
Literature  Analysis and Retrieval System  Online
(MEDLINE).  Trial registers (WHO ICTRP and
Clinicaltrials.gov) were also searched to identify ongoing tri-
als. Reference lists of included studies were hand searched
to identify any further studies.

The following text word terms were used to search each
database: ("Garden™" OR "Horticultur®" OR "Nature based")
AND (“Therap™ OR “Program™” OR “Intervention®™” OR
“Group™ OR “Project®™ OR “Activit*” Or “Course*” OR
“Rehabilitat*” OR “Recover*” OR “Restor*”) AND (“Mental
health” OR “Mental illness™” OR “Wellbeing” OR “Well-
being” OR “Anxi*” OR “Depress®” OR “Stress”
OR “Distress”).

Inclusion and exclusion criteria

Inclusion and exclusion criteria were created in line with
the PICOS approach (Centre for Reviews & Dissemination,
2008) and studies were independently assessed for eligibility
by two reviewers (RB & KR) for all stages (screening titles
and abstracts, full-text reviews, data extraction and qual-
ity appraisal).

Participants/Population

Adults of any age (18+) and ethnicity living in the commu-
nity. A mental health diagnosis was not a requirement for
inclusion. Previous reviews have focused on interventions
within residential care settings and people with dementia,
therefore these groups were excluded (see Nicholas et al.,
2019; Wang & MacMillan, 2013; Yeo et al., 2020).

Intervention

Participation in any gardening intervention; an organised
programme of group-based and time-bound gardening
activities. The interventions must be led by someone in a
coordinating role. No exclusion was set based on the level
of therapist input. Gardening interventions that also
included non-gardening activities were included if gardening
was considered to form the majority of the intervention.

Comparator/Control

The control group condition could include individuals
undertaking another type of intervention, those on a wait-
list, no treatment or treatment/care as usual.
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Outcomes

Studies were included if they reported on mental health,
wellbeing and/or quality of life outcomes using validated
scales administered pre and post-intervention.

Types of studies included

Randomised controlled trials.

Quality appraisal

The Cochrane Risk of Bias (ROB) tool (Higgins et al., 2011)
was used by two independent reviewers (RB & KR); where
any disagreements were discussed and resolved. Due to the
nature of the interventions, whereby participants and per-
sonnel cannot be blinded to group allocation, the studies
have not been downgraded for this and an assessment of
blinding has been conducted in relation to blinding of those
collecting and analysing the data. The results are presented
in Robvis format in Table 1 (McGuinness & Higgins, 2021).

Data extraction

Data were extracted in duplicate into excel tables that had
been piloted. The data includes general information about
the study, a description of the intervention and information
about the control group, participant characteristics, health
and wellbeing outcomes measured, data reported and, scales
used. Efforts were made to contact authors where there was
missing data.

Data analysis

A meta-analysis was conducted to pool findings for each
outcome using random effects models in RevMan 5.4
(Review Manager (RevMan) [Computer program]. Version
5.4. The Cochrane Collaboration, 2020). Standardised mean
differences were calculated as different validated scales
reported our outcomes of interest. Where heterogeneity pre-
cluded a meta-analysis, a narrative synthesis following the
guidance in the Cochrane handbook was performed
(McKenzie et al., 2021).

Results
Selection process

The PRISMA flow diagram (The PRISMA Group, 2009)
provides a visual representation of the screening process
and the number of studies included/excluded at each stage
(Figure 1).

Description of included studies

The key characteristics of the 20 studies are presented in
Table 2. 11/20 were published in the last four years. Five of
the studies were published in the USA (Brown et al., 2020;
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Table 1. Risk of Bias table.

Risk of bias

Study

ool X I Joioy X X I I JL IO X oK Il JO)
QIO J J JOION X JOIOIOIOIOI @I X JO)
@0 X I ol ) X X JOf eI0) JOI0l JOl0)
0000000000000 000C0O000
000000000 OOOGOOOCCOCOODO
o) X I JOIo) ) JOICIGIoI0) JOIOH JOI0)

D1: Random sequence generation

00} I I Joio) I JOIOl0ICI0) JOIOl JCI0)

0J0) IOl ol0) JOICIOICII0) JOI0L IOI0,

Judgement

D2: Allocation concealment

D3: Blinding of participants and personnel
D4: Blinding of outcome assessment

D5: Incomplete outcome data

D6: Selective reporting

- Unclear

. Low

D7: Other sources of bias

*Few details with which to assess risk of bias as published only in abstract form

Demark-Wahnefried et al, 2018; Detweiler et al., 2015;
Odeh & Guy, 2018; Okvat, 2011) five were published in
Japan (Kotozaki, 2013a; 2013b; 2014a; 2014b; Makizako
et al., 2019) three in China (Huang et al,, 2018; Kam & Siu,
2010; Siu et al., 2020) and the remaining were published in
Sweden (Bay-Richter et al., 2012; Palsdottir et al., 2020)
Serbia (Vujcic et al, 2017; 2021) Denmark (Stigsdotter
et al, 2018) Singapore (Ng et al., 2018) and South Korea
(Kim & Park, 2018).

Across the 20 published studies, the total number of par-
ticipants included in the data analysis was 874. In individual
studies, the sample size ranged from 20 (Brown et al., 2020)
to 89 (Palsdottir et al., 2020). Most studies included a wide
age range, e.g. 18-65 or 50-80, where overall the estimated
mean of mean ages reported was 50.7 years. In 10/20 of the
studies, participants had either diagnosed mental health con-
ditions or mental health symptoms. Of the remaining 10
studies, participants had diagnoses of diabetes (Brown et al,,
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Abstracts excluded (n=543)
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5 synthesis (n=20)
) !
Studies included in
— quantitative analysis
(n=12)

Figure 1. PRISMA flow diagram.

2020), was recovering from stroke (Pélsdéttir et al., 2020),
cancer (Demark-Wahnefried et al., 2018), post-operative
hand trauma (Huang et al., 2018) or suffered damage fol-
lowing an earthquake (Kotozaki, 2014a). In five studies par-
ticipants had no reported health difficulties (Kim & Park,
2018; Kotozaki, 2013a; Ng et al., 2018; Odeh & Guy, 2018;
Okvat, 2011).

Depression, anxiety, stress, quality of life, wellbeing and
affect, were relevant outcomes assessed by the studies.
Various validated scales were used (see Table 2, for outcome
data, see Table 3). Four ongoing studies, with larger sample
sizes and study completion, dates from December 2021 also
met the inclusion criteria, their details are presented in
Table 4.

Methodological quality

The risk of bias appraisal (Table 1) indicated that seven
studies had a low risk of bias and the remainder were at
unclear risk of bias. Lack of reporting, whereby information
necessary to determine risk rating was not included in the
paper, was the predominant reason for rating studies as
‘unclear’ risk. Two studies were published only in abstract

form and due to lack of information with which to access
the risk of bias, both were rated as ‘unclear’.

Depression

Eight studies (358 participants randomised) reported data
on depression in a format suitable for meta-analysis (See
Figure 2.1. Depression). Three of the eight studies selected
patients with mental illness (Kam & Siu, 2010, Kotozaki,
2013b, Kotozaki, 2014b). There was substantial heterogen-
eity and so uncertainty in the pooled effect estimate, where
four trials reported positive effects of the intervention on
depression and the remaining four had little or no effect.
Seven further studies reported the effects of gardening
interventions on depression, but data were not in a format
suitable for meta-analysis. Where available, data from these
studies are reported in Table 3. In two studies data were not
presented to calculate change from baseline to follow-up
(Detweiler et al., 2015; Ng et al.,, 2018), and two had insuffi-
cient data as were reported only as abstracts (Bay-Richter
et al,, 2012; Huang et al,, 2018), in one study the full paper
did not present numerical data (Odeh & Guy, 2018) and in
the remaining two studies, data were presented as either
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2. 1. Depression

Gardening Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kam 2010 (1) -9.2 915 10 -1.17 853 12 9.2% -0.88 [-1.76, 0.01] —
Kim 2018 (2) 113 7B 18 0.3 6.7 18 10.7% -1.88 [-2.34,-0.82]
Kotazaki 2013a {3) -5.86 9.06 15 -0.27 10.36 15 11.1% -0.56 [-1.29,0.17] —=r
Kotazaki 2013b {4) -1.4 2494 20 031 265 19 12.4% -0.60 [-1.24, 0.05] —
Kotazaki 2014b (5) -16 7.25 27 21 6.23 27 141% 0.07 [-0.46, 0.61] N
Kotozaki 2014a (6) -318 445 22 -1.81 768 23 133% -0.24 [[0.83,0.34] —==
Makizaka 2019 (7) -23 28 20 17 25 24 131% -0.22 [[0.82,0.37] —=r
Palsdottir 2020 {8) -0.63 537 47 -096 2.05 41 16.0% 0.08 [-0.34, 0.50] ==
Total (95% CI) 179 179 100.0% -0.43 [-0.79, -0.06] Ee)
Heterogeneity: Tau?= 0.17; Chi#= 18.98, df= 7 (P = 0.008); F= 63% _14 12 ; é j‘
Testfor overall effect: Z=2.31 (P = 0.02) Favours [gardening] Favours [control]
Footnotes
(1) Active control, selected patients with mental iliness. DASS21
(2) Zung SDS
(3) CES-D
(4) Selected patients with PTSD. GDS
(5) Selected patients with PTSD. CES-D
(6) CES-D
(7) GD5-15
(8) HADS

2. 2. Anxiety

Gardening Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kam 2010 (1) -9 762 10 067 741 12 15.4% -1.27 [2.20,-0.33]
Kim 2018 (2) -21.3 173 18 22 1545 18 18.2% -1.40[2.14,-0.66] —
Mg 2018 {3) 1022 449 29 842 45 30 21.4% 0.38 [-0.14, 0.89] i
Palsdottir 2020 (4) -1.33 3.37 47 -0.74 1.86 41 227% -0.21 [F0.63, 0.21] -
Siu 2020 (5) 013 057 37 013 0B 36 22.2% 0.00 [-0.46, 0.46] -
Total {95% CI) 141 137 100.0% -0.42 [-1.00, 0.16] S
Heterageneity: Tau®= 0.34; Chi*= 2069, df= 4 (P = 0.0004);, F=81% %4 52 5 é }‘
Testfor overall effect. Z=1.41 (P = 0.16) Favours [gardening] Favours [control]
Footnotes
(1) Active control, selected patients with mental iliness. DASS21
(2)STAI
(3) Zung SAS
(4)HADS
(5) Selected patients with mental illness. DASS

2. 3. Stress

Gardening Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Demark-YWahnefried 2018 {1) 053 67 22 009 85 20 39.4% 0.06 [-0.55, 0.66]
Kam 2010 (2) -6 633 10 -05 B.79 12 24.4% -0.86 [-1.74,0.03]
Siu 2020 (3) 014 067 18 011 059 18 36.2% 0.05 [F0.61, 0.70]
Total (95% CI) 50 50 100.0% -0.17 [-0.68, 0.35]
Heterogeneity: Tau®= 0.08; Chi*= 3.24, df= 2 (P = 0.20); F= 38% 54 _52 D t j‘

Test for overall effect: Z= 065 (P=0.52)

Footnotes

(1)P3S

(2) Active control, selected patients with mental illness. DASS21
(3) Selected patients with mental iliness. DASS

Figure 2. Forest Plots of health and wellbeing outcomes.

medians or comparison of variances (Brown et al., 2020;
Vujcic et al,, 2017). Four of the seven studies compared gar-
dening interventions to inactive controls (Bay-Richter et al.,
2012; Brown et al, 2020; Huang et al, 2018; Ng et al,
2018), and three to active comparators including occupa-
tional therapy (Detweiler et al., 2015; Vujcic et al., 2017) or

2
Favours [gardening] Favours [control]

group art therapy (Odeh & Guy, 2018). Two studies selected
patients with mental illness (Bay-Richter et al., 2012; Vujcic
et al., 2017) and one selected veterans with substance abuse
disorders (Detweiler et al., 2015), the remaining studies
recruited healthy women (Odeh & Guy, 2018), native
Americans with pre-diabetes or diabetes (Brown et al,



2. 4. Health-related quality of life
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Gardening Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Demark-YWahnefried 2018 (1)  -631 163 11 6.98 1545 10 98% -0.80 [-1.70,0.10] r
Demark-YWahnefried 2018 (2)  -1.45 19.45 | 71 188 10 10.2% -0.43[-1.30,0.44] )
Kotazaki 2013a (3) -0.3  0.56 15 011 056 15 11.7% -0.71 [-1.45,0.03] -
Katazaki 2013b (4) 024 0328 20 -0.09 037 19 127% 0.99 [0.32, 1.66] —
Kotazaki 2014b (5) 14 618 27 13 BA 27 146% 0.43[0.11,0.97] T =
Makizako 2019 () -25 79 20 04 69 24 137% -0.39 [-0.99, 0.21] i
Okvat 2011 {7) 1.34 1041 14 0.05 888 10 11.0% 013 [0.67,0.93] —
Palsdottir 2020 (8) 004 044 47 0.04 084 40 16.3% 0.00[-0.42,0.42] —
Total (95% Cl) 166 155 100.0% -0.06 [-0.45, 0.34] *
Heterogeneity: Tau®= 0.20; Chi*= 2010, df=7 (P = 0.009); F= 65% T

Testfor overall effect Z=0.28 (P =0.78)

Footnotes

-4 -2 0 2 4
Favours [control] Favours [gardening]

(1) SF-36 physical component summary (N numbers divided by two to prevent double counting of participants)
(2) 8F-36 mental component summary (N numbers divided by two to prevent double counting of participants)

(3) WHO-QOL-26

(4) Selected patients with PTSD. WHO-QOL-26 global score
(5) Selected patients with PTSD. WHO-QOL-26 total score
(6) SF-12 mental health score

(7) Q-LES-Q-SF

(8) EQ-5D 3L

2. 5. Wellbeing

Gardening Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Kam 2010 {1) 06 142 10 1.5 607 12 14.0% -0.08 [0.92, 0.76] I
Mg 2018 {2) 214 428 29  -07 372 30 26.0% 0.70[0.17,1.23] —a—
Siu 2020 (3) 0.z v a7 -0.23 07 36 29.3% 0.61[0.14,1.08] ——
Stigsdotter 2018 (4) 1692 1614 39 1562 19.78 a7 306% 0.07 [-0.38, 0.52] —
Total (95% CI) 115 115 100.0% 0.37 [0.01,0.73] =
Heterogeneity: Tau®= 0.06; Chi*=5.30,df=3(P=0.15); F=43%

Testfor overall effect Z=2.02 (P=0.04)

Footnotes

(1) Active control, selected patients with mental iliness. PWI

(2) Rhffs Scales of Psychological Wellbeing

(3) Selected patients with mental illness. WEMWEBS

(4) Active control, selected patients with stress related illness. PGWEI

Figure 2. (Continued).

2020), those with hand trauma undergoing rehabilitation
(Huang et al,, 2018), and older adults (Ng et al, 2018).
Overall, findings were mixed with one study showing bene-
ficial effects of gardening interventions on depression com-
pared to control (Huang et al, 2018), another reporting
improvements in depression with both gardening and the
active comparator arts therapy, but with no analysis between
groups (Odeh & Guy, 2018), and the remaining studies
reporting little or no effect of gardening interventions on
depression compared to control.

Anxiety

Five studies (278 participants randomised) reported data on
anxiety in a format suitable for meta-analysis (See Figure
2.2. Anxiety). Two of five studies selected patients with
mental illness (Kam & Siu, 2010; Siu et al., 2020). There was
considerable heterogeneity and so uncertainty in the pooled
effect estimate, where two trials reported positive effects of
the intervention on anxiety and the remaining three had lit-
tle or no effect. Two further studies assessed the effect of

1 1 1 1
-4 -2 0 2 1
Favours [control] Favours [gardening]

gardening interventions on anxiety but did not have data in
a usable format for meta-analysis. One study (Odeh & Guy,
2018) where participants were healthy women found no
statistically significant changes between pre and post-scores
for either the gardening or art therapy group and did not
analyse differences between groups. The remaining study
(Vujcic et al.,, 2017) selected participants with mental illness
and did not find significant interactions between pre and
post-tests or groups (gardening and occupational therapy)
for anxiety.

Stress

Three studies (100 participants randomised) all of which
had a low risk of bias, reported data on stress in a format
suitable for meta-analysis (See Figure 2.3. Stress). Two of
the studies selected patients with mental illness (Kam & Siu,
20105 Siu et al., 2020) though in the later, stress levels were
low at baseline. Overall, the pooled effect estimate shows lit-
tle or no effect of the intervention on stress (SMD —0.17
(95%CI to 0.68, 0.35)). Two further studies reported on
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stress but not in a format suitable for meta-analysis (Odeh
& Guy, 2018; Vujcic et al, 2017). Odeh and Guy (2018)
found improvements in stress for both the gardening and
art therapy conditions but did not analyse differences
between groups. Vujcic et al. (2017) recruited participants
with mental illness and found a significant interaction
between tests (pre and post) and groups (gardening and
occupational therapy) demonstrating a reduction in stress
with gardening (P =0.027).

Health-related quality of life

Seven studies (321 participants randomised) reported data
on health-related quality of life in a format suitable for
meta-analysis (See Figure 2.4. Health-related quality of life).
There was substantial heterogeneity and so uncertainty in
the pooled effect estimate, two trials, both with unclear risk
of bias, reported positive effects of the intervention on qual-
ity of life, and the remaining five had little or no effect.
Three further studies that did not have data in a usable for-
mat for meta-analysis also reported on this outcome (Brown
et al., 2020; Detweiler et al, 2015; Odeh & Guy, 2018).
None of these studies found significant differences in quality
of life between comparison groups.

Wellbeing

Four studies (230 participants randomised) all with a low
risk of bias, reported data on wellbeing in a format suitable
for meta-analysis (See Figure 2.5. Wellbeing). Three of the
four studies selected patients with mental illness (Kam &
Siu, 2010; Siu et al., 2020; Stigsdotter et al., 2018). Overall,
the pooled effect estimate shows an increase in wellbeing
with gardening interventions (SMD 0.37 (95%CI 0.01
to 0.73)).

Affect related outcomes

Five studies included affect-related outcomes such as mood
disturbance and positive and negative affect, data for which
is presented in Table 3. Four of the studies included partici-
pants with no mental health conditions (Brown et al., 2020;
Kotozaki, 2013a; Odeh & Guy, 2018; Okvat, 2011). Brown
et al. (2020) reported a statistically significant difference
between the groups for total mood disturbance while Odeh
and Guy (2018) and Kotozaki (2013a) found no significant
differences. Similarly, Okvat (2011) reported no significant
differences between groups however, in this study, scores
were already high for positive affect and low for negative
affect at baseline. Kotozaki (2013b) included women with
PTSD symptoms and found a significant improvement in
positive affect but not for negative affect when compared to
a stress control intervention.

Other relevant outcomes

Burnout was assessed by Stigsdotter et al. (2018) significant
reductions in burnout were observed for both the gardening

intervention group and CBT control group with no signifi-
cant difference between them. The Global Impression scale
was used by Vujcic et al. (2021) to assess the severity of
mental illness in a study of people with diagnosed mental
health conditions. Baseline scores of both groups reflected
moderate illness. In the intervention group, scores decreased
following the intervention reflecting ‘minimal improvement’
while no change was observed in the occupational therapy
control group.

Kotozaki (2013a; 2014a; 2014b) assessed the mental
health of participants using the General Health
Questionnaire (GHQ). A significant decrease in GHQ scores
(improvement in mental health) was observed among young
adults without mental health conditions taking part in a
group gardening intervention when compared to both those
assigned to the individual gardening intervention as well as
the control condition (Kotozaki, 2013a). No significant
effect of the intervention on GHQ was observed in the two
remaining studies (Kotozaki, 2014a; 2014b).

Two studies by Kotozaki (2013b; 2014b) assessed the effect
of gardening interventions for women with PTSD using the
Clinician Administered PDSD scale, both found a statistically
significant effect of the intervention on symptoms.

Discussion

The results of this systematic review on the effects of gar-
dening interventions on mental health and wellbeing are
mixed. The current evidence indicates positive effects of
group-based gardening interventions on depression and
wellbeing, but these results need to be corroborated in larger
sufficiently powered studies. No overall effects were seen on
measures of anxiety, stress or quality of life when compared
with active and inactive controls or those selected with men-
tal illness, but numbers were small for both stress and anx-
iety. The most promising results were observed for
wellbeing, showing significant improvements in the pooled
effect estimate of four trials, all with a low risk of bias.
Effects on wellbeing were largest for studies using inactive
comparators, those using active comparators recruited par-
ticipants with mental illness. Further studies are needed to
corroborate these initial findings. The results of the four
ongoing studies we identified and the conduct of additional
high-quality studies will add to the evidence base and
reduce uncertainty in the findings.

While the results are limited, the present review expands
upon previous reviews by focussing exclusively on RCTs,
reflecting advances in the quality of evidence in the field, as
well as including a greater number of studies, several of
which were published in recent years, which demonstrates
an active research area. The results of this review also sup-
port and reaffirm those found in past reviews of gardening
interventions for mental health, where positive effects were
also found among various outcomes, including depression
and anxiety (Cipriani et al., 2017; Clatworthy et al., 2013;
Kamioka et al.,, 2014). However, methodological limitations
and heterogeneity limited the conclusions that were able to
be drawn from the results. The current review’s focus on



RCTs and use of meta-analysis overcome many of the previ-
ously identified limitations, nonetheless, further high-quality
trials are needed to make definitive conclusions about the
effectiveness of these interventions for mental health.
However, stronger conclusions have been made in other
areas. For example, Spano et al. (2020b) found positive effects
of gardening interventions for psychosocial outcomes such as
trust and social networking, which may, in turn, lead to posi-
tive effects on participants mental health and wellbeing.

The positive findings in this present review regarding
wellbeing also support the results of Soga et al. (2017) meta-
analysis, where a significant positive effect of gardening on
health was found. The authors’ sub-group analysis identified
a statistically significant difference in the effect sizes of well-
being variables compared to physical health variables, with
wellbeing variables observing a greater effect size. Soga et al.
(2017) hypothesised that physical health outcomes may take
longer to respond to change. While this present review did
not include physical health outcomes, this may nonetheless
help to explain why some outcomes, such as health-related
quality of life, showed less improvement than others.

Strengths and limitations

A limitation of the current review is the heterogeneity of
the included studies, in particular the diversity of the gar-
dening interventions; including their structure, duration, fre-
quency and follow-up periods. Additionally, there were few
studies reporting on each outcome except for depression
and quality of life where there was substantial heterogeneity
and so, uncertainty in the pooled effect estimates. For most
studies, the sample sizes were small and so were subject to
small study bias where larger effects are seen for smaller tri-
als (Sterne et al., 2000). This needs to be taken into consid-
eration when interpreting the findings.

One of the strengths of the review is its inclusion of only
RCTs, many of which were published in recent years, which
provides stronger evidence than was previously available, as
well as a greater number of total studies than earlier
reviews. We attempted to increase the precision of our find-
ings by using meta-analysis where possible. For some out-
comes, notably depression, several studies were not suitable
for inclusion in the meta-analysis. This was due to a lack of
reporting of data in a useable format, either missing baseline
or follow-up data, lack of numerical reporting or use of
alternative analyses. Where meta-analysis was possible, het-
erogeneity limited the interpretation of findings with pooled
effect estimates reported only for stress, wellbeing, and qual-
ity of life where heterogeneity was either moderate or
absent. We used Standardised Mean Difference as a measure
of intervention effect as, whilst all scales measuring mental
health and wellbeing were validated, several different scales
were used for each outcome.

Recommendations for future research

It is recommended that future research focus on larger,
well-reported trials as this would help further the evidence
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base, reduce uncertainty in the findings and make more
definitive conclusions about the effectiveness of such inter-
ventions. Evidence is currently limited to predominantly
small trials at unclear risk of bias. Trials of both healthy
participants and people with poor mental health would be
valuable to determine the effects on both groups. It is rec-
ommended that where trials include participants with men-
tal health conditions, their baseline scores reflect this. In
some of the included trials participants had low levels of
symptoms at baseline (e.g. Ng et al., 2018; Palsdéttir et al,,
2020; Siu et al., 2020). This may have indicated sample bias
and limited opportunity for improvement following the
interventions.

Implications for practice and policy

While promising effects were seen for wellbeing and pos-
sibly also depression, no definitive conclusions can be made
about the effectiveness of such interventions currently.
Consequently, no recommendations can be made about
their use more widely. Nonetheless, there are already
numerous such projects being offered by various charities
and organisations, as such, it would be reasonable for future
studies to evaluate these interventions to help further the
evidence base. This would align with the UK Government’s
25-Year Environment Plan, which highlights the need to
understand how environmental therapies could be inte-
grated into mental health services (Department for
Environment Food & Rural Affairs, 2018). The research
area is active as evidenced by the four ongoing studies we
have identified. If in the future, the evidence finds group-
based gardening interventions to be effective, they could
help to contribute to reducing the burden of mental ill
health in society either integrated within tiered mental
health services or facilitated as social prescribing schemes.

Conclusion

The findings of this review include mixed results for the
effectiveness of group-based gardening interventions for
mental health and wellbeing. Results for wellbeing and
depression are promising, with further studies needed to
corroborate these findings among both general population
participants and those with identified poor mental health.
More studies, with a focus on larger, well conducted and
well-reported trials, are needed to confirm initial findings
and to determine the effectiveness of these interventions on
other health outcomes where results are less clear.
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