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Abstract
1. Previous systematic reviews have examined the effect of horticultural 

interventions (e.g., taking care of plants, planting, gardening) on individuals' 
depressive symptoms through analyses focused exclusively on randomized 
controlled trials, but that approach overlooks a majority of the potentially 
informative published research.

2. To complement previous work, we searched the databases MEDLINE, 
PsycArticles, SCOPUS, Google Scholar, and Clini calTr ials. gov and identified 30 
non- RCTs (n = 1063 participants; all adults) and 32 uncontrolled studies (n = 517 
participants; only one study included 6 young people) examining the effects of 
horticultural interventions on depression.

3. Using random effects meta- analysis, we discovered the evidence from these 
studies largely supports findings from RCTs. Like the RCTs, the non- RCTs indicate 
that some horticultural interventions combined with usual care (i.e., continuing 
normal routine for healthy people or conventional treatment for unhealthy 
ones) may reduce depressive symptoms more than usual care alone, with most 
studies finding a moderate (Hedges' g ≥ 0.5) or large effect (g ≥ 0.8). We also 
found that participants might adhere similarly well or even better to horticultural 
interventions than to usual care alone, and no adverse events were reported. 
Twenty- five of the 32 uncontrolled studies reported pre and post- intervention 
mean depression scores. Of these 25 studies, 24 reported an improvement in 
mean depression scores and, in 16 of them, the improvement was greater than 
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1  |  INTRODUC TION

Depression is a serious global health challenge that can harm differ-
ent dimensions of people's lives including professional achievement, 
affective relationships, and overall health and well- being (Bernaras 
et al., 2019; Cipriani et al., 2018; Fried et al., 2022), and the preva-
lence of this disorder has increased since the start of the COVID- 19 
pandemic (World Health Organization, 2022). Psychotherapy and 
the use of antidepressants are two of the most well- known and rec-
ommended treatments for depression (Lopresti, 2019). Although 
effective, research suggests that combining mainstream treatments 
with complementary activities may improve depressive symptoms 
more than mainstream treatments alone (Cuijpers et al., 2020; 
Lopresti, 2019; McCormack & Korownyk, 2018). Thus, efforts have 
concentrated on complementary interventions that may help to 
provide greater reductions in depressive symptoms, such as dietary 
changes (Berk & Jacka, 2019), physical exercise (Catalan- Matamoros 
et al., 2016), and contact with nature (Rosa et al., 2021). The use 
of nature- based activities to reduce people's depressive symptoms 
seems especially promising (Rosa et al., 2021) and is the focus of 
this paper. The health benefits associated with nature- based activ-
ities could be explained by several theoretical frameworks (Fernee 
et al., 2017; Houge Mackenzie et al., 2021; Kaplan & Kaplan, 1989; 
Rosa et al., 2024; Ulrich et al., 1991; Wilson, 1984). For example, 
Attention Restoration Theory posits exposure to nature helps restore 
the ability to direct attention to specific tasks (Kaplan, 1995). This 
would, in turn, increase the individual's ability to concentrate. Given 
that difficulty in concentrating is a symptom of Major Depressive 
Disorder (MDD; American Psychiatric Association, 2014), improved 
concentration might explain why natural exposure diminishes de-
pressive symptomatology. From a different perspective, Stress 
Recovery Theory posits that contact with non- threatening natural 
environments promotes stress reduction and improved mood (Ulrich 
et al., 1991), both of which are closely related to MDD (American 
Psychiatric Association, 2014). In addition to these two theoretical 
frameworks, the biophilia hypothesis proposes that people have an 
innate emotional affiliation with nature (Kellert & Wilson, 1993) that 
is reinforced through contact with elements of the natural world 

(Rosa & Collado, 2019, 2020; Šorytė et al., 2023). These experiences 
are likely to be pleasurable and may combat anhedonia, another key 
symptom of depression (American Psychiatric Association, 2014; 
Rosa, 2024). In addition to these theory- based explanations, activi-
ties in nature commonly involve physical activity (Singh et al., 2023) 
and socialization (Hartig, 2021), which are also associated with im-
provement in depressive symptoms. Not surprisingly, studies sug-
gest that activities in nature may improve depressive symptoms such 
as difficulty concentrating (Clatworthy et al., 2013), sad mood (Soga 
et al., 2017), sleep problems (Shin et al., 2012), and hopelessness 
(Sturm et al., 2012). What remains uncertain, however, is what types 
of nature exposure, and how much of it, might be required to gener-
ate these health benefits.

Nature- based interventions can take many forms. In the aca-
demic literature, three different types are often described: nature- 
based adventure (e.g., Sturm et al., 2012), forest therapy (e.g., Kim 
et al., 2009), and horticultural activities (e.g., Kam & Siu, 2010). In this 
study, we focus on the latter. Nature- based adventure is a specific 
type of nature- based activity involving significant risk, challenge, 
and novelty (Rosa, Chaves, Collado, Larson, & Profice, 2023). The 
term forest therapy refers to a combination of therapeutic activi-
ties (e.g., mindfulness) provided in a forested area (Rosa et al., 2021). 
Horticulture relates to “the art and science of growing flowers, fruits, 
vegetables, and trees and shrubs” (Mizuno- Matsumoto et al., 2008, 
p. 170). Horticultural interventions refer to the participation in 
horticultural activities facilitated by a horticultural therapist or 
other trained professional to achieve health benefits (American 
Horticultural Therapy Association, 2017; Soga et al., 2017). In one 
example, Lin et al. (2020) provided institutionalized older adults with 
activities like arranging flowers and plant reproduction, and these 
were led by two certified horticultural therapists. Participants were 
involved in these activities 1 h a day (i.e., duration), twice a week 
(i.e., frequency), during 9 weeks (i.e., length), but these intervention 
characteristics have been highly variable across studies (e.g., Fan 
et al., 2021; Shin et al., 2016).

Several systematic reviews have synthesized the evidence from 
randomized and non- randomized studies assessing the effects of 
forest therapy (Rosa et al., 2021) and nature- based adventure on 

20%. All studies present some risk of bias due to design limitations, but no 
evidence of publication bias was detected.

4. Our findings support assertions that some horticultural interventions are effec-
tive and safe as a complementary strategy to reduce adults' depressive symptoms. 
More research is needed to understand how specific participant and intervention 
characteristics can influence the success of horticultural interventions on depres-
sive symptoms.

K E Y W O R D S
complementary intervention, complex intervention, depression, gardening, horticultural 
therapy, therapeutic horticulture
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depression (Rosa, Chaves, Collado, Larson, & Profice, 2023), gener-
ally highlighting positive effects but to variable degrees. Moreover, 
a recent systematic review summarized the findings of random-
ized controlled trials (RCTs) involving horticultural interventions 
(Rosa, Chaves, Collado, Larson, Lee, & Profice, 2023). This review 
largely supported the idea that horticultural interventions coupled 
with usual care can reduce adults' depressive symptoms more than 
usual care alone, with most studies suggesting a moderate (Hedges' 
g ≥ 0.5) or large (g ≥ 0.8) effect size. This review also indicated that 
participants adhere relatively well to horticultural interventions (i.e., 
low dropout rates) and that adverse events (e.g., feeling fatigued 
after the intervention) are rare.

One limitation of Rosa, Chaves, Collado, Larson, Lee, and 
Profice's (2023) systematic review is that none of the included RCTs 
assessed how the effect of horticultural interventions varied de-
pending on participant characteristics (e.g., severe vs. mild depres-
sion) and intervention characteristics like length or frequency and 
duration. A better understanding of if and how the effects of hor-
ticultural interventions on depressive symptoms vary according to 
these characteristics is essential to the design of future horticultural 
interventions. Another limitation of Rosa, Chaves, Collado, Larson, 
Lee, and Profice's (2023) systematic review was that all RCTs focused 
on adults. Thus, even though the prevalence of major depression in 
children and adolescents is increasing (Selph & McDonagh, 2019), 
no conclusions about the effect of horticultural interventions on the 
depressive symptomatology of children and adolescents could be 
drawn. Finally, all RCTs included in this previous review were pub-
lished in peer- reviewed journals, so it was not possible to examine 
the difference in estimates between published and unpublished 
studies.

In this paper, we build on previous research to present a sys-
tematic review summarizing the results of non- RCTs (i.e., experi-
mental trials without randomization) and uncontrolled studies (i.e., 
one- group, pre- post) that assessed the effects of horticultural inter-
ventions on depressive symptoms as registered by commonly- used 
depression outcome measures. The aims of this systematic review 
of non- RCTs and uncontrolled studies were to (1) examine whether 
the results reported in RCTs are similar to the findings of non- RCTs 

and uncontrolled studies; (2) explore whether participant and inter-
vention characteristics influence the effect of horticultural inter-
ventions; (3) evaluate the effects of horticultural interventions on 
young people's depressive symptoms (4) check potential publication 
bias; and, (5) evaluate the adherence to and possible adverse events 
reported in non- RCTs and uncontrolled studies during horticultural 
interventions. Similar to the goal of the previous review paper fo-
cused on RCTs (Rosa, Chaves, Collado, Larson, Lee, & Profice, 2023), 
the overarching research question guiding our review was: What is 
the effect of horticultural interventions on depressive symptoms as 
compared to alternative interventions (or no intervention)? (see our 
registered protocol in Data S1).

2  |  METHOD

2.1  |  Eligibility criteria

The criteria for inclusion in our review are summarized in Table 1, 
and a detailed description of these criteria can be found in our reg-
istered protocol (Data S1), which was grounded on the Preferred 
Reporting Items for Systematic Review and Meta- Analysis Protocols 
(PRISMA- P) 2015 statement (Shamseer et al., 2015). We did not 
exclude studies based on date, language, or because they were not 
published in a peer- reviewed journal.

In this study, we focus on non- RCTs and uncontrolled studies 
using the same literature search protocols as those described in the 
previously published review paper focused on RCTs (Rosa, Chaves, 
Collado, Larson, Lee, & Profice, 2023). That search protocol is de-
scribed below.

2.2  |  Search strategy

We used previous systematic reviews on associated topics (e.g., 
the effect of therapeutic gardens on people with dementia) as an 
informative source to find eligible primary studies (e.g., Murroni 
et al., 2021; Nicholas et al., 2019), and we searched for primary 

PICOS Description

Population Studies with humans at any age, healthy or unhealthy

Intervention Studies that provide or consider any form of horticultural 
intervention

Comparison groups of interest Studies with any comparison/control group and studies 
without a control group

Outcomes Studies that assess depression using a measure designed 
to measure depression. At least one study (i.e., a validation 
study) should exist describing how the content of the 
measure matches the construct's content (i.e., depression)

Study designa Randomized and non- randomized studies of interventions

aIt was part of our eligibility criteria to include both randomized and non- randomized studies of 
interventions. In this manuscript, we focus on non- randomized controlled trials (non- RCTs). The 
findings from randomized studies were reported in a separate study.

TA B L E  1  Eligibility criteria for 
our review based on population (P), 
intervention (I), comparison groups of 
interest (C), outcomes (O), and study 
designs (S).
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studies that were not included in these systematic reviews. On 
January 19 of 2022 the databases PsycArticles (APA), MEDLINE 
(PubMed), SCOPUS (Elsevier), Google Scholar, and Clini calTr ails. 
gov were searched from inception. In addition, we checked the 
references of included studies and our personal files (e.g., computer 
archives), which could provide access to additional studies. Our 
exact search strategy is described in Table 2.

2.3  |  Selection, data extraction, and risk of bias 
assessment

The first author performed the title and abstract screening, 
selection based on full- text, data extraction, and (informally) risk of 
bias assessment. The second author checked whether the eligibility 
criteria were applied appropriately. Specifically, the second author 
read through the decisions made by the first author and approved/
disapproved them. The few disagreements between the first author 
and the second author were resolved through discussion. From 
each study, we collected information concerning participants' 

sociodemographic variables, the setting where the interventions 
took place, the horticultural activities conducted, and the depression 
score at baseline and after the intervention (see table 2 in Data S1). 
We planned to assess the risk of bias from non- RCTs with the 
ROBINS- I tool (Sterne et al., 2016). Nonetheless, it was not feasible 
due to a lack of resources (e.g., time). Whereas we do not assess the 
risk of bias formally, we discuss the limitations inherent to non- RCTs 
and uncontrolled studies of horticultural interventions and some 
additional limitations that these studies might have (e.g., lack of a 
registered analysis plan).

2.4  |  Data synthesis

To estimate the effect of horticultural interventions on depressive 
symptoms, we extracted data from the pre- test closest to the 
beginning of the intervention and the post- test closest to the end 
of the intervention. When studies used more than one depression 
outcome measure, we selected only one measure based on pre- 
specified criteria (see “Dealing with Multiple Effect Estimates” in 

TA B L E  2  Complete search strategy for the literature review, according to database.

PubMed

1 "Horticultural Therapy"[Mesh]

2 “horticultural therapy” [tiab] OR “horticultural activit*” [tiab] OR “therapeutic horticulture” [tiab] OR “gardening therapy” [tiab]

3 "Depression"[MeSH] OR "Depressive Disorder"[MeSH]

4 depress* [tiab] OR dysthymi* [tiab] OR adjustment disorder* [tiab] OR mood disorder* [tiab] OR “affective disorder” [tiab] OR "affective 
symptoms" [tiab]

5 (#1 OR #2)

6 (#3 OR #4)

7 (#5 AND #6)

8 #7 NOT review[Publication Type]

PsycINFO (APAPsycNet)

1 Index Term: Horticulture Therapy

2 {Depression (Emotion)} OR {Beck Depression Inventory} OR {Atypical Depression} OR {Major Depression} OR {Zungs Self Rating Depression 
Scale}

3 “horticultural therapy” OR “horticultural activit*” OR “therapeutic horticulture” OR “gardening therapy”

4 depress* OR dysthymi* OR “adjustment disorder*” OR “mood disorder*” OR “affective disorder” OR "affective symptoms"

5 (#1 OR #3)

6 (#2 OR #4)

7 (#5 AND #6)

SCOPUS (Elsevier)

1 (“horticultural therapy” OR “horticultural activit*” OR “therapeutic horticulture” OR “gardening therapy”) AND (depress* OR dysthymi* OR 
“adjustment disorder*” OR “mood disorder*” OR “affective disorder” OR "affective symptoms")

2 Limited to Article, Conference Paper, and Book Chapters

3 Search limited to article Title, Abstract, Keywords

Google Scholar

1 allintitle: depressive “horticultural therapy” OR “horticultural activit*” OR “therapeutic horticulture” OR “gardening therapy”

2 allintitle: depression “horticultural therapy” OR “horticultural activit*” OR “therapeutic horticulture” OR “gardening therapy”

Clinicaltrials.gov (https:// clini caltr ials. gov/ )

1 ("horticultural therapy" OR "Therapeutic horticulture") AND (depression OR depressive)*
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Data S1). When feasible, we calculated Hedges' g using each group's 
mean change in depression scores from pre to post- intervention and 
its standard deviation. Focusing on change in depressive symptoms 
is more appropriate than the difference between groups in post- 
intervention measurements when group scores differ substantially 
at baseline (Vickers, 2001). Otherwise, we calculated Hedges' g 
by using the post- test scores and its standard deviation (Higgins 
et al., 2019).

The number of participants who demonstrated substantial im-
provement following the intervention was another relevant out-
come. We operationalized response to the intervention as a ≥50% 
decrease in depressive symptoms from baseline (Riedel et al., 2010). 
Research shows that a ≥50% decrease is a good proxy for clini-
cally relevant improvement in depression as evaluated by three 
depression scales: Hamilton Depression Rating Scale (HDRS), Beck 
Depression Inventory (BDI), and Montgomery Asberg Depression 
Rating Scale (MADRS) (Riedel et al., 2010). Hence, we calculated 
the number of participants reporting a ≥50% decrease in depres-
sive symptoms when the studies used one of these three scales. This 
number was calculated using the formula described by Furukawa 
et al. (2005). In addition, for all studies with available data, we report 
the number of participants who dropped out and the adverse events 
that occurred. When feasible, we calculated risk ratios for dichoto-
mous outcomes as these are easier to understand than odds ratios 
(Higgins et al., 2019).

We conducted a random effects meta- analysis because this anal-
ysis incorporates the statistical heterogeneity among studies in the 
confidence interval and we ran sensitivity analyses to check the ro-
bustness of our findings (Higgins et al., 2019). In this meta- analysis, 
we also assessed whether the results from studies that offered other 
interventions (co- interventions) in addition to horticulture revealed 
greater improvements in people's depressive symptoms than stud-
ies that just involved horticultural interventions. When there were 
multiple reports (e.g., published papers) based on the same sample 
of participants, we used the reports to describe the sample but the 
unique sample was only considered as one study. To illustrate, we 
considered Gonzalez et al.'s (2009, 2010, 2011a, 2011b) multiple re-
ports as two studies because they are based on two unique samples, 
which are both described by Gonzalez et al. (2011a).

Because no study reported having substituted participants' 
usual treatment with horticultural activities, we assumed that the 
horticultural interventions were used as complementary interven-
tions for unhealthy participants. We used the term “usual care” to 
represent individuals' keeping their normal routine: unhealthy par-
ticipants continuing with their conventional treatment (e.g., psy-
chotherapy), and the healthy ones receiving no intervention. We 
use Kim et al.'s (2016) study as an example to clarify the distinction 
between usual care and co- interventions. This study was conducted 
with patients with Alzheimer at Seongdong- gu Center for Dementia. 
Usual care, in this case, is the normal care offered to patients at this 
centre and co- interventions are the additional interventions (e.g., 
exercise and music therapy), other than horticulture, provided to the 
study's participants by the study team.

To facilitate the interpretation of the findings from the non- 
RCTs included in this systematic review, we report estimates of 
effects and, when feasible, 95% confidence intervals (CI) for these 
estimates. Hedges' g and risk ratios were calculated using RevMan 
(Review Manager (RevMan) [Computer Program], 2020). All data 
utilized in our analyses that are not reported in the manuscript are 
available in Data S2 (https:// osf. io/ ta69c ), with a more detailed de-
scription of included studies in Data S3. These files also contain the 
reference information for all the studies included in our systematic 
review.

3  |  RESULTS

Our database searches produced 223 records, from which 62 were 
deemed eligible after the full- text assessment. As an instance of a 
study excluded after the full- text assessment, Shao et al.'s (2020) 
study was excluded because it did not assess people's depression 
using a depression outcome measure. An additional 20 studies were 
identified through supplementary search strategies such as checking 
the reference list of all eligible studies and previous systematic 
reviews on associated topics (e.g., Nicholas et al., 2019; Soga 
et al., 2017). Thus, a total of 82 studies were deemed eligible based 
on our eligibility criteria (Table 1). Of these 82 eligible studies, 30 
were non- RCTs and 32 were uncontrolled studies (see Figure 1 for 
a flow diagram). The other 20 were all RCTs analysed in a separate 
review paper (Rosa, Chaves, Collado, Larson, Lee, & Profice, 2023). 
Thus, 62 studies are summarized in this systematic review.

These 62 studies took place in 10 different countries and in-
volved a total of 1580 participants (Table 3). Forty- nine studies 
took place in Asia and the Middle East (South Korea, Japan, Taiwan, 
Israel, and Lebanon), eight in the United States, and five in Europe 
(Norway, Switzerland, Romania, United Kingdom). Fifty- six studies 
were published in peer- reviewed scientific journals between 2001 
and 2021. The six unpublished studies included a preprint (Fan 
et al., 2021), a Ph.D. dissertation (Ascencio, 2020), a Master's thesis 
(Penman, 2015), and three symposium papers (Lee et al., 2008; Park, 
Shoemaker, et al., 2015; Son et al., 2004). These studies focused on 
a range of populations including older adults in various settings (e.g., 
nursing homes and psychiatric clinics), adults with mental health 
problems such as depression, women with fibromyalgia, women im-
migrants, battered women, women refugees, women with hearing 
impairment, mothers, stroke patients, patients with cancer, people 
who served the Armed Forces, young people with disability, workers 
with hearing disability, people with visual impairment, and prisoners 
(Table 3). Characteristics of the interventions also varied (Table 4). 
These interventions included a variety of horticultural activities 
such as flower arrangement, seeding, transplanting a plant, making 
a terrarium, pruning, watering plants, and harvesting. Intervention 
length varied from 2 weeks to more than 51 weeks. The frequency of 
horticultural interventions ranged from weekly to almost daily ses-
sions, and the duration of each session from half an hour to three 
hours.
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Some horticultural interventions (e.g., Fan et al., 2021; Korah 
et al., 2021) were associated with other interventions (i.e., co- 
interventions) beyond usual care such as psychological ther-
apy, music therapy, art therapy, occupational activities, Stress 
Immunization Training, activities using 3D virtual reality, and activ-
ities in contact with nature other than horticulture. The effects of 
horticultural interventions were most often compared with usual 
care. Different comparisons than usual care included comparing a 
longer with a shorter horticultural intervention and comparing the 
same intervention provided to individuals with different depression 
severity. Additionally, one study (Kim et al., 2010) compared horti-
cultural interventions plus some occupational activities with just en-
gaging in these occupational activities. Thirteen different measures 
were used to assess depression. The short form (15 items) version of 
the Geriatric Depression Scale was the most frequently used mea-
sure followed by the original Geriatric Depression Scale (30 items) 

and by the Beck Depression Inventory (Tables 3 and 4 and tables 1 
and 2 in Data S2).

3.1  |  Horticultural intervention versus usual 
care alone

From the 30 non- RCTs included in this systematic review (n = 1063 
participants; all adults), 27 compared horticultural interventions 
combined with usual care to usual care alone. Across many studies 
in our analysis, people received usual care for health conditions such 
as MDD, dementia, stroke, cancer, and musculoskeletal pain so, 
often, usual care involved some intervention (Table 4). From these 
27 studies, 24 trials reported the post- test mean and its standard 
deviation, and only two also reported the mean change from 
baseline to post- intervention and its standard deviation, which is 

F I G U R E  1  Flowchart illustrating the process of identifying and selecting studies.
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preferable when there is a substantial difference between groups in 
the baseline score. The results from these 24 studies are summarized 
in a forest plot (Figure 2a). Only one study found a higher depression 
score for the horticultural intervention group than for the usual care 
group and this difference was very small (g = 0.06). The remaining 23 
studies suggest that horticultural interventions plus usual care may 
reduce depressive symptoms more than usual care alone, with 16 
studies finding a moderate (g ≥ 0.5) or large effect (g ≥ 0.8). Combining 
all 24 studies' estimates using the inverse variance random effects 
meta- analysis, we found a Hedges' g of −0.98, CI 95% [−1.31, −0.65], 
p < 0.001, I2 = 78%, favouring horticultural interventions (Figure 2a).

Studies in which horticultural interventions were just one among 
other interventions resulted in a smaller combined estimate than the 
one obtained from studies in which a horticultural intervention was 
the only reported intervention (Figure 2a). Removing the studies with 
imputed SDs did not substantially change the results. Moreover, all 
four unpublished studies favoured horticultural interventions over 
usual care. Combining the estimates from these unpublished studies 
through an inverse variance random effects meta- analysis, we found 
a g = −1.24 [−2.26, −0.22], p < 0.001, I2 = 78%.

Five studies provide usable data to calculate the number of par-
ticipants who had a reduction in depressive symptoms ≥50% (i.e., 
response to treatment). In four out of the five studies, more par-
ticipants responded to treatment in the horticultural intervention 
plus usual care group than in the group that just received usual care. 
Combining studies' estimates through a Mantel–Haenszel random 
effects meta- analysis, we found that participants engaging in hor-
ticultural interventions were almost five times as likely to respond 
to treatment than participants who just continued their usual care 
(Figure 2b, risk ratio = 4.67 [0.85, 25.59], p = 0.08, I2 = 77%). Notably, 
removing the study with an imputed SD did not substantially change 
the results.

Only six studies reported the number of participants who 
dropped out in the horticultural group and the usual care only group 
(Figure 3). Combining study estimates using a Mantel–Haenszel 
random effects meta- analysis, we found that dropouts were less 
likely in the horticultural group than in the usual care only group 
(risk ratio = 0.37 [0.07, 1.84], p = 0.22, I2 = 48%). No study reported 
whether adverse events occurred or not.

3.2  |  Horticultural interventions versus other 
interventions than usual care

Only three studies compared horticultural interventions to other 
interventions than usual care. Kim et al. (2020) tested whether 
the same horticultural activities provided with a different length 
and frequency would affect individuals' depressive symptoms 
differently. Specifically, these authors assigned participants to 
either 15 weeks of horticultural intervention occurring once a 
week, or 7½ weeks of the same activities occurring twice a week. 
The depression mean score of the groups was similar at the end of 
the intervention (g = 0.02 [−0.86, 0.90], p = 0.96). In another study, Fi
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Kim et al. (2010) recruited a sample of stroke patients and tested 
whether associating horticultural therapy with occupational therapy 
promoted better psychological benefits than occupational therapy 

alone. The group who engaged in the horticultural intervention 
ended the intervention with a lower mean depression score than the 
occupational therapy only group (g = −1.21 [−1.89, −0.53], p < 0.001). 

F I G U R E  2  (a) Comparison of the post- intervention mean score or mean change from baseline of horticulture groups versus usual care 
only using the inverse variance random effects meta- analysis. (b) Comparison of the risk of response to treatment (i.e. ≥50% reduction in 
depressive symptoms) between horticulture groups and usual care groups, using the mantel–haenszel random effects meta- analysis. Events 
refer to the number of participants who responded to treatment. Green squares refer to standardized mean differences and blues squares 
to risk ratios. Bigger squares indicate more participants in a study or more events and a bigger diamond indicates greater uncertainty in the 
combined estimate.
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Finally, Yun and Kim (2003) compared the effect of a horticultural 
intervention between severely and mildly depressed individuals. 
Because the difference in the baseline scores of these groups is 
substantial, we did not compare their post- intervention scores. 
The severely depressed group had a 5.5% reduction in their mean 
depression score and the mildly depressed group had a reduction 
of 16%. The number of participants who dropped out from these 
studies is unknown and no study reported whether adverse events 
occurred or not.

3.3  |  Results from uncontrolled studies

From the 32 uncontrolled studies (n = 517 participants, from which 
only six were adolescents), 25 reported the baseline and post- 
intervention mean depression scores. Of these 25 studies, only 
Mizuno- Matsumoto et al. (2008) did not observe an improvement 
in participants' depressive symptoms (Figure 4). Most studies (64%) 
found a reduction greater than 20% in the mean depression score 
from baseline to post- intervention, and six studies (24%) found a re-
duction greater than 40%. Only one study focused on young people 
and documented a 4% improvement in the participants' mean depres-
sion score from baseline to post- intervention (Ascencio, 2020). Similar 
to the non- RCTs, the two unpublished uncontrolled studies reported 
improvements from pre-  to post- intervention on participants' depres-
sive symptoms (Ascencio, 2020; Park, Shoemaker, et al., 2015).

Only nine of the 32 uncontrolled studies reported the number of 
participants who dropped out. In seven of these studies, no dropout 
took place. In the other two studies, the percentage of participants 
who dropped out was approximately 25%. All but one study did not re-
port whether adverse events took place or not; the only exception was 
Stowell et al. (2018), who reported that no adverse event occurred.

4  |  DISCUSSION

In this study, we reviewed the results from 30 non- RCTs and 32 
uncontrolled studies that assessed the effect of horticultural 

interventions on depressive symptoms. Findings from non- RCTs 
largely support the evidence provided by randomized studies of 
horticultural interventions (objective 1; Rosa, Chaves, Collado, 
Larson, Lee, & Profice, 2023). In other words, on average, horticultural 
interventions plus usual care reduced adults' depressive symptoms 
more than usual care alone (Figure 2). Twenty- three of 24 non- RCTs 
with usable data for a meta- analysis suggested that the addition 
of horticultural activities to participants' normal daily routines 
tended to promote a reduction in their depressive symptoms, and 
most studies found a moderate or large effect (Figure 2a). Similar 
to the RCTs (Rosa, Chaves, Collado, Larson, Lee, & Profice, 2023), 
we observed some variability in the magnitude of the effect 
estimates across the included non- RCTs and uncontrolled studies, 
which might be due to the difference in participants, interventions, 
and the outcome measures used. As with non- RCTs, uncontrolled 
trials largely support the potential of horticultural interventions to 
improve depressive symptoms (Figure 4). These findings not only 
align with RCTs of horticultural interventions but also with recent 
systematic reviews indicating that some forest- based activities (Rosa 
et al., 2021) or nature- based adventure interventions (Rosa, Chaves, 
Collado, Larson, & Profice, 2023) may reduce adults' depressive 
symptoms more than usual care alone.

There is limited evidence regarding the impact of specific 
characteristics of participants or horticultural interventions on 
individuals' depressive symptoms (objective 2). This issue was 
not assessed by any RCT (Rosa, Chaves, Collado, Larson, Lee, & 
Profice, 2023) and was only assessed by two non- RCTs. Evidence 
from a non- RCT suggests that providing horticultural interventions 
once or twice a week will have a similar effect on people's depres-
sive symptoms (Kim et al., 2020). The other study found a relatively 
larger improvement in depressive symptoms after a horticultural 
intervention for people with mild depression than for people with 
severe depression (Yun & Kim, 2003). Thus, horticultural interven-
tions seem to be more beneficial for people with mild depression 
than for people with severe depression, and interventions with dif-
ferent lengths may produce similar effects on depression when the 
number of sessions and contact hours is identical. Nonetheless, this 
evidence should be seen as tentative since none of these studies 

F I G U R E  3  Comparison of the risk of dropping out between horticulture groups and usual care groups, using the mantel–haenszel random 
effects meta- analysis. Events refer to the number of participants who dropped out. Blues squares refer to risk ratios. Bigger squares indicate 
more events and a bigger diamond indicates greater uncertainty in the combined estimate.
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was randomized and the number of participants in each group was 
small (i.e., n < 25).

Like previous systematic reviews (Rosa et al., 2021; Rosa, Chaves, 
Collado, Larson, & Profice, 2023), our review failed to identify con-
vincing evidence regarding the effect of nature- based interventions 
on children's and adolescents' depressive symptoms (objective 3). 
We found that only one study included six youth (i.e., adolescents) in 
the investigation (Ascencio, 2020). This study found a 4% reduction 
on participants' depressive symptoms from pre-  to post- horticultural 
intervention, which was associated with many other interventions. 
Thus, to date, there is no convincing evidence regarding the impact 
of nature- based interventions on children or adolescents' depres-
sive symptoms (Rosa et al., 2021; Rosa, Chaves, Collado, Larson, & 
Profice, 2023). One explanation for these findings might be the lack 
of stability in children's and adolescents' responses to depression 
outcome measures, an issue that deserves further attention from 
future studies (Stallwood et al., 2021).

We also checked potential publication bias (objective four), but 
there was no evidence of it. All four unpublished studies that pro-
vided usable data for a meta- analysis indicated that adding horti-
cultural interventions to participants' normal routine promotes a 
greater reduction on depressive symptoms than usual care alone. The 
combined estimate from these unpublished studies was even larger 
than the combined estimate from all studies. Thus, horticultural 

interventions' potential to reduce depressive symptoms cannot be 
explained by the publication status of the studies.

Finally, we explore the possible adverse effects of horticultural 
interventions (objective five). According to our results, there was no 
evidence that participants drop out more from horticultural inter-
ventions than from usual care (Figure 3). Moreover, in most uncon-
trolled studies, no participant dropped out from the intervention. No 
adverse event was associated with the horticultural intervention in 
any study. Similar to forest- based interventions (Rosa et al., 2021), 
people seem to adhere well to horticultural interventions (Rosa, 
Chaves, Collado, Larson, Lee, & Profice, 2023), and adverse events 
during these interventions appeared to be rare.

4.1  |  Study limitations

Our findings should be considered in light of several limitations. 
First, all studies included in our systematic review presented 
design limitations that might have biased their results. For example, 
in the non- RCTs, the allocation of participants to groups was 
not done through a random approach (Hernán & Robins, 2020; 
Higgins et al., 2019). Hence, systematic differences in prognostic 
variables (e.g., baseline depression score) might explain the 
differences in depressive symptoms at the end of the intervention 

F I G U R E  4  Percentage of change in mean depression scores from uncontrolled trials assessing depressive symptoms before and after 
horticultural interventions. Zero indicates no change, and positive change represents a decrease in depressive symptoms from baseline to 
post- intervention.
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(Sterne et al., 2016). Moreover, 32 included studies did not have a 
comparison group (i.e., uncontrolled studies), preventing inferences 
regarding what should have occurred with the participants had they 
not received the horticultural intervention (Hernán & Robins, 2020). 
Furthermore, one limitation presented in all included studies was 
the inability to keep the participants unaware of the intervention 
they were receiving (i.e., blinding). In other words, participants 
knew when they were receiving the horticultural intervention. This 
lack of blinding might influence participants' decision to search for 
additional care if they are not satisfied with the group they were 
allocated to, or it might bias their reporting of depressive symptoms 
(Rosa & Delabrida, 2021; Sterne et al., 2016, 2019). Unfortunately, 
blinding is not feasible in studies of horticultural interventions; 
to reduce the risk of bias, studies might provide one alternative 
intervention to the comparison group such as physical exercise (e.g., 
Makizako et al., 2020). Finally, another common limitation of the 
included studies was the lack of a registered analysis plan matching 
the analyses performed in the paper, which would ensure that 
reporting of results was not selective (Sterne et al., 2016, 2019).

Whereas all included studies were affected by some kind of bias, 
it is unknown how much those biases explain the estimates of hor-
ticultural intervention effects that we observed. When considering 
studies with similar design limitations, researchers may have more 
confidence in the efficacy of interventions reported in studies with 
larger samples and larger estimates than in studies with fewer par-
ticipants and smaller estimates. It is also important to note that de-
sign limitations do not always imply biased estimates (Moustgaard 
et al., 2020). Given that results found with RCTs and those found 
with non- RCTs and uncontrolled studies were quite similar, it ap-
pears that the design limitations of the reviewed studies in this 
systematic review did not bias the results substantially. However, 
additional research is essential to understand how study design may 
influence results. Furthermore, adherence to relevant Consolidated 
Standards of Reporting Trials (CONSORT) would improve the inter-
pretation of the results for horticultural intervention studies (Moher 
et al., 2010).

Besides these limitations, a systematic review comprises many 
decisions that influence the interpretation of findings (Higgins 
et al., 2019). Here we describe how some of our decisions impact 
the findings' interpretation. First, we did not limit this review to 
specific participants (e.g., older adults), intervention characteris-
tics (e.g., weekly sessions), and comparison groups like usual care. 
Hence, the included studies are different in important characteris-
tics that somewhat preclude a comprehensive quantitative synthesis 
of all results (i.e., meta- analysis). We, therefore, chose to present a 
forest plot with effect estimates from the non- RCTs comparing hor-
ticultural interventions plus usual care with just usual care (Figure 2). 
Nevertheless, we recommend that readers not focus on the com-
bined estimate from these studies. Instead, they may ponder how 
different kinds of horticultural interventions (including the kind of 
activities provided, their length, frequency, and duration) may im-
prove the depressive symptoms of specific groups (e.g., older adults) 
as compared to the alternative interventions (i.e., usual care). More 

studies that isolate the impacts of specific variables are needed to 
better understand how unique characteristics of individuals and in-
terventions might have influenced the study results.

Also linked to our criteria of eligibility, we included studies in-
dependent of whether or not their participants had a diagnosis of 
depression. We did this because every person can experience de-
pressive symptoms (e.g., sad mood) to a certain degree. Many stud-
ies included people diagnosed with mental health problems related 
to but not necessarily involving just depression, such as adults with 
dementia (Kim et al., 2020; Yoon & Sung, 2017), Alzheimer (Han 
et al., 2009), and schizophrenia (Son et al., 2004). In fact, only a few 
studies focused on depressed participants (Gonzalez et al., 2011a; 
Hitter (Buru) et al., 2019; Korah et al., 2021; Song et al., 2010; Yun 
& Kim, 2003). Thus, more studies specifically focusing on depressed 
people are needed to better represent this population.

Concerning our methodology, we did not search for terms spe-
cific to elderly people, a population for whom horticultural therapy 
is particularly common, using phrases such as “dementia garden*” 
and “Alzheimer garden*”. We also did not include the database 
CINAHL, frequently used by nurses and allied health professionals. 
This approach might have prevented us from identifying some eli-
gible studies; we therefore recommend future systematic reviews 
consider including these terms and database. Finally, one researcher 
conducted the title and abstract screening and data extraction. This 
approach was efficient, but the risk of unintentionally excluding a 
potentially relevant study or making a mistake during data extraction 
might have been reduced if two researchers were involved in this 
process. Unfortunately, this was a necessary decision to facilitate 
the execution of this systematic review. Additionally, most system-
atic reviews are expected to fail to include some studies relevant 
to the research question since search strategies are (generally) not 
perfectly effective (Higgins et al., 2019).

5  |  CONCLUSION AND NE X T STEPS

To our knowledge, our systematic review is the most comprehensive 
summary to date of non- RCTs and uncontrolled studies estimating 
the effect of horticultural interventions on depressive symptoms. 
We found results that were relatively consistent with those reported 
in RCTs (Rosa, Chaves, Collado, Larson, Lee, & Profice, 2023), indi-
cating that horticultural interventions plus usual care may reduce 
adults' depressive symptoms more than usual care alone. In line 
with previous studies (e.g., Bratman et al., 2019; Hartig, 2021; Rosa, 
Chaves, Collado, & Harper, 2023), our findings support the health 
benefits of some nature- based interventions and, as such, they 
may be considered by health professionals as a potential strategy 
for preventing or treating depression in adults. Evidence related to 
children and adolescents is still insufficient, however. We were un-
able to confidently determine which specific characteristics of the 
participants, interventions, or outcome measures are associated 
with a stronger impact of horticultural interventions on depres-
sive symptoms. Nonetheless, there is tentative evidence indicating 

 25758314, 2025, 1, D
ow

nloaded from
 https://besjournals.onlinelibrary.w

iley.com
/doi/10.1002/pan3.10764 by U

niversidad D
e Z

aragoza, W
iley O

nline L
ibrary on [10/02/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  313ROSA et al.

that a horticultural intervention may be more effective in improv-
ing mild depression compared to severe depression. There is also 
tentative evidence that the length of the intervention may not play 
a role in the effectiveness of a horticultural intervention provided 
the activities involved and the number of sessions are similar. While 
these findings shed some light on the critical question of optimal 
nature dosage (Shanahan et al., 2016), more research on the efficacy 
of variable horticultural interventions across different populations 
is needed. For example, a study could provide a comparable inter-
vention to two different groups of individuals or a slightly different 
intervention to the same participants.

Our findings also suggest that people may adhere well to hor-
ticultural interventions (i.e., low dropout rates) and that adverse 
events during and after these interventions are likely rare. However, 
exploring these issues within a wider range of study contexts is crit-
ical. For instance, more work is needed in places where the effect of 
horticultural interventions has been seldom examined, such as Latin 
America, Africa, and Oceania. It may also be prudent to focus on 
people diagnosed with depression as well as young people.

Future systematic reviews could also examine other effects of 
horticultural interventions, including the possible effects of these 
activities on different mental (e.g., loneliness, anxiety, and anger) 
and physical (e.g., weight loss) outcomes. Systematic reviews that 
directly assess the effect of horticultural interventions on specific 
symptoms of depression (e.g., anhedonia and mood) are also war-
ranted since our review focused on aggregate scores from depres-
sion outcome measures, not on specific symptoms. The analysis of 
specific symptoms could inform understanding of how horticultural 
interventions affect specific symptoms of depression like sleep 
problems, sad mood, and anhedonia (Fried & Nesse, 2015). Lastly, 
studies should consider the cost- effectiveness of implementing hor-
ticultural interventions compared to more conventional strategies 
that are typically employed to prevent or treat depression and other 
mental health disorders. As research progresses, the integration of 
results from both RCTs, non- RCTs, and uncontrolled studies will be 
critical to characterizing the potential benefits and risks of horticul-
tural therapy as a health promotion strategy.
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