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Abstract

Background: World Health Organization has communicated that dementia as a public health priority in 2012. Behavioral and
psychological symptoms of dementia are the main reason results in hospitalization of dementia patients. Horticulture is one of the
favorite activity for many peoples to relax their minds. Objectives: To investigate psychological health benefits of horticulture
intervention in dementia patients. Methods: The databases including Cochrane Library, ProQuest, PubMed, EMBASE, EBSCO,
Web of Science, and Ovid Medline were searched up to August 2017. Results: Twenty-three articles for systematic review,
whereas 8 articles were included in meta-analysis. Meta-analysis verified the beneficial effect of horticultural therapy (HT) on
agitation level (standard mean difference: —0.59; P <.00001); increase time spent on activity engagement (mean differences [MD]:
45.10%, P <.00001); decrease time for doing nothing (MD: —29.36%, P = .02). Conclusions: Patients with dementia benefit from
horticultural by alleviating their degrees of agitate behaviors, increasing time of engaging in activities and decrease time of doing
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Background

With the rapid aging of the world population, the impending
dementia epidemic has triggered health policy responses.
Dementia, a neurodegenerative disorder, is characterized by
an inexorably progressive cognitive deterioration that
diminishes self-care ability. However, the cognitive and daily
functional impairments are not the main reasons for hospita-
lization. Behavioral and psychological symptoms of dementia
(BPSD) are closely associated with adverse clinical outcomes
in patients.' The associated psychiatric symptoms include
hallucinations, delusions, restless behavior, and repetitious
questioning,? which seriously reduce the quality of life of
patients with dementia and of their families, resulting in a
large burden of care.

In 2012, the World Health Organization designated dementia
as a public health priority.® Current estimates of almost 60 mil-
lion people globally who are living with dementia might double
by 2030 and triple by 2050.* In 2015, the global economic
burden of dementia was US$818 billion.” Levels of cognition
and social impairment tend to vary widely and complicate the
implementation of a standard care program for patients with
dementia.®” These factors make caregiving more difficult.

Abundant evidence demonstrates that nonpharmacological
therapies (eg, music, reminiscence, and horticultural therapy

[HT]) for BPSD are desirable because they may alleviate,
without side effects, neuropsychiatric symptoms, such as
agitation, physical aggression, and disruptive behavior.®’
However, because the benefits of reminiscence and music
therapies are closely associated with patients’ past memories
and experiences, plans sensitive to differences among patients
with dementia warrant further study. In contrast to reminis-
cence and music therapies, HT is widely accepted for most
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patients with dementia because it invites them to watch, touch,
and become close to the natural world. In addition, HT can be
incorporated into the daily activities schedules of any care
institute and easily woven into the living environments of
patients to improve their emotional well-being.'®

The assimilation of HT into the daily lives of patients has
been extremely effective at reducing agitated behavior, sta-
bilizing emotions, and increasing social interaction among
people with dementia.'! Horticultural therapy can not only
provide multisensory stimulation but also impart a sense of
responsibility and achievement in patients with demen-
tia.!"'? Floriculture or garden clubs have become meaning-
ful activities that provide beneficial opportunities to patients
to care for fresh flowers and plants with their own hands.
Engagement in physical activity while appreciating the flor-
iculture and revival of plants provides an incentive for
patients to join related courses and interact psychosocially
with caregivers.'?

This systematic review and meta-analysis focused on vari-
ous forms of garden activities, green care farms, green spaces,
and therapeutic horticulture in facilities for long-term and
dementia care to clarify how these activities affect the agitated
behavior, cognitive functioning, activity engagement time, and
inactivity status of patients with dementia.

Methods

Data Sources and Search Strategy

The methodology used here is in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.'* In August 2017, the PubMed, ProQuest, Cochrane
Library, Embase, Ovid MEDLINE, and Web of Science data-
bases were systematically searched using the following key-
words:” “horticul*,” “garden*,” “floricult*,” “arboricult*,”
“olericult*,” “agricult*,” and “farm*” combined with
“dement*,” “alzheimer*,” and “cogni*” (Supplemental File
1). The scope of the searches was constrained by the number
of peer-reviewed publications in English language. Relevant
reference lists for other potentially eligible studies (using a
snowball procedure) were also included in this study (Supple-
mental File 2). All sources that were searched were later
imported into EndNote X8, and the key information was
extracted from the searched studies screened and reviewed by
2 authors to determine whether they were eligible for inclusion
in this study (Supplemental File 3).

Inclusion and Exclusion Criteria

We included studies that (1) were randomized clinical trial
(RCTs) or a prospective, retrospective, or longitudinal studies;
(2) included participants were older adults with dementia or
Alzheimer disease; (3) implemented interventions of interest
(ie, gardening activities, a horticulture activity program, or the
viewing of natural scenery through video); (4) measured agita-
tion level, cognitive functioning, time spent engaged in an

activity, and inactivity status as outcomes; and (5) were written
in English. By contrast, reviews, letters to the editor, case
reports, and case series were excluded.

Data Extraction and Quality Assessment

Title and abstract screening and data extraction (demo-
graphic data, designs, methods, procedures, intervention
contents, and individual study effects) of the included stud-
ies were performed by 5 reviewers. In particular, the col-
lected data pertained to methodology, gardening activity—
related interventions, follow-up duration, and measurement
of outcomes (eg, BPSD, cognitive functioning, inactivity
status, and the time spent engaged in activity) were
extracted. Behavioral and psychological symptoms of
dementia measurements included those on agitation, aggres-
sion, delirium, screaming, wandering, and many noncogni-
tive symptoms and behaviors of patients with dementia. The
Cohen-Mansfield Agitation Inventory (CMAI), used here to
assess agitation levels, measures 29 aggressive behaviors in
patients with cognitive impairment and focuses only on agi-
tated behaviors, such as inappropriate verbal, vocal, or
motor activity.

Three review authors independently assessed the design of
each study using the Joanna Briggs Institute (JBI) tool' to
assess the methodological quality of the studies and determine
the extent to which a study has addressed the possibility of bias
in its design, conduct, and analysis.

Articles appraisals were assessed by grading their designs
(namely RCT, cross-sectional, quasi-experimental, and cohort
based) into 1 of 4 categories: 0 points, 1 point, unclear, and not
applicable.'® A study was considered high quality when it met
more than half of the total score. Any disagreement in study
selection was resolved through intensive discussion among
reviewers.

Statistical Analysis

The control and experimental groups were designated to com-
prise those who received usual care and HT, respectively. Mean
differences (MDs), standard mean differences (SMDs), and the
corresponding 95% confidence intervals (Cls) were estimated.
In this meta-analysis, the inverse variance was the weighting
method used in both the fixed- and random-effects models,
with the particularity that under the random-effects model, the
heterogeneity variance was estimated using the DerSimonian
and Laird method.'” Finally, pooled-effect estimates were
calculated.

The heterogeneity of the intervention effects between studies
was assessed through the /* and Cochran Q tests; significance
was set at I > 50%, which indicated substantial heterogeneity. In
cases of significant between-study heterogeneity, a random-
effects model (DerSimonian and Laird method) was used.'®
Publication bias was examined using funnel plots, Begg test,
and Egger regression asymmetry test.'” Funnel plots (plots of
effect estimates vs sample sizes) are useful to assess the validity
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5062 of records identified through database searching.
PubMed (n=708) ; ProQuest (n=769) ; Cochrane (n=80) ;
EMBASE (n=1252) ; Ovid (n=737) , WOS (n=1549)

[

27 of additional
records identified
through other sources

!

1888 of records after
duplicates removed

23 of studies
included in
qualitative
synthesis

8 of studies
included in
quantitative
synthesis
(meta-analysis)

3201 of records 3105 of records
screened excluded
73 of full-text articles excluded,
with reasons
used review (n=15) ;
unavailable full-text (n=1) ;
96 of full-text (=1
articles assessed Unavailable data or intervention
for eligibility does not HT (n=57)

Figure |. Flowchart of the study selection process. Electronic searches yielded 5062 records and 27 additional snowball records. Of those
texts, 96 full texts were retrieved for closer examination. Twenty-three articles were included in the final review and 8 studies were included

in the meta-analysis.

of meta-analyses. The presence and absence of a symmetrical
inverted funnel in the plot indicates the absence and presence of
bias, respectively. If bias is absent, the plot resembles a symme-
trical inverted funnel, and an asymmetrical one if bias is present.
Begg test evaluates the correlation between the ranks of effect
sizes. Egger regression of funnel plot asymmetry formally deter-
mines the association between estimated intervention effects and
a measure of study size.

All statistical analyses were performed using Comprehen-
sive Meta-Analysis (version 2.0; Biostat, Englewood,
New Jersey) and RevMan (version 5.3; Cochrane’s Informatics
& Knowledge Management Department, Copenhagen, Den-
mark: The Nordic Cochrane Centre).

Results

The study selection process flow is presented in Figure 1. The
electronic database search retrieved 5062 records and 27 addi-
tional snowball records; 1888 were excluded for duplication,
3015 were irrelevant according to their title and abstract, and
69 were irrelevant according to the text; therefore, 23 full
texts” 122938 were retrieved for review, and 8 of these were
included in the meta-analysis.

Study Characteristics and Quality

Twenty-three studies recruited elderly people with dementia.
Eighteen studies were from Western countries: 9 from the
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United States, 2 from Canada, 2 from the United Kingdom, 2
from the Netherlands, 1 from Sweden, and 2 from Australia.
Five studies were from East Asian countries: 1 from Japan, 3
from South Korea, and 1 from Taiwan. These studies varied in
design and included 2 RCTs and 3 cohort studies, in addition to
observational studies (that had pretests, midtests, or posttests)
and comparative studies. Of the 23 studies, 8 and 14 studies had
high and moderate JBI qualities, respectively, whereas 1 had a
low JBI quality (Table 1).

Eight studies met the inclusion criteria for meta-analysis,
and 552 participants were recruited across all studies. Studies
emphasized on the behavioral categories of agitation and
engagement. Of the interventions, 2 studies had audiovisual
presentations of natural scenes, 1 had a structured gardening
program, 5 had combinations of gardening with other activities,
and 17 had only garden activities.

Effect of HT on Behavior

Patients with dementia who received HT interventions had sig-
nificantly lower levels of agitation than those who did not. Beha-
vioral issues were assessed by 5 studies, with 237 participants in
the post-HT intervention and 233 in the control groups. The
pooled results of CMAI scores were significantly lower after
HT intervention with an SMD of —0.59 (95% CI: —0.77 to
—0.40, P < .00001, * = 0%; Figure 2) indicating that patients
who joined HT programs experienced decreased BPSD.

Patients in the subgroup meta-analysis were further divided
by whether they were from a Western or East Asian country.
The subgroup meta-analysis indicated that HT reduced their
CMALI scores, but no difference was observed between the
patients of the 2 country subgroups who received HT, with
an SMD of —0.63 (95% CI: —0.97 to —0.29, P <.00001) versus
—0.57 (95% CI. —0.79 to —0.35, P < .00001). However, no
heterogeneity was observed in both the Western (/* = 0%) and
East Asian subgroups (> = 0%). Subgroup difference results
also demonstrated no heterogeneity (/2 = 0%). This subgroup
meta-analysis demonstrated that the patients who received HT
interventions had increased behavioral and psychological
stability.

Effect of HT on Activity Engagement

Patients with dementia who received HT interventions spent
significantly more time engaged in activity. Three studies
investigated the effects of HT on enhanced engagement in
activity; 73 and 69 participants were in the experiment and
control groups, respectively. The pooled results revealed that
activity engagement time in the HT group was much greater
than that in the control group, with an MD of 45.10% during
HT (95% CI: 7.27-82.92, P = .02, I = 99%; Figure 3).

Effect of HT on Inactivity Status

Based on the assessments of 3 studies with 73 and 69 partici-
pants in the experimental and control groups, respectively, HT

interventions had significant effects on the inactivity status of
patients. The pooled results revealed that patient inactivity sta-
tus was significantly lower in the control group, with an MD of
—29.36% during HT (95% CIL: —51.85 to —6.87, P = .01,
Figure 4). All results indicated that some inherent heterogene-
ity in these studies (* = 85%).

Publication Bias

First, funnel plots, Begg test, and Egger test were employed to
evaluate the publication bias in the agitation meta-analysis.
Egger test indicated the presence of bias (P = .09), whereas
Begg test indicated no substantial publication bias (P = .014).
Second, for the activity engagement outcome, Egger test and
Begg test revealed no publication bias (P = .19 and .60, respec-
tively). Finally, the inactivity status outcome also demonstrated
no publication bias (Egger test: P = .31, Begg test: P = .60).
The funnel plots of the results are presented in Supplementary
Figures.

Discussion

Studies on HT interventions have reported that HT reduced
accident frequency, alleviated agitation levels, and improved
well-being, among other positive effects associated with
HT.*#%%3 Kamioka et al suggested that HT was an effective
treatment for psychological and behavioral disorders.>* How-
ever, further confirmation of the effects of HT on BPSD is
required. Through meta-analysis, this study combined pub-
lished results to evaluate the effectiveness of HT in patient
behavior and activity engagement.

For patients with dementia, a critical aspect is not only
“what they need” but “what they want”; Mapes et al observed
that 82.2% of patients with dementia agreed that being in a
natural environment, such as with flowers, trees, leaves, and
other plants, helped them relax, feel joyful, and relieve emo-
tional tension.?>*>-**! The results of the current study
demonstrated that HT interventions reduced CMAI scores.
Horticultural therapy is related to a general scene or outdoor
activity that provides a connection to the past experiences of
the patients and arouses their interest in life.'®***® Dementia
symptoms, such as memory loss, lack of attention, and
impaired visual perception, might cause patients with demen-
tia to be psychologically stressed and experience confusion,
anxiety, or anger. Emotional stability and social interaction
are critical factors that better the lives of patients with
dementia.

A study has found that unfamiliar environments cause anxi-
ety.*> Cohen-Mansfield reported that nursing home residents
exhibited inappropriate behavior, possibly because they expe-
rienced sensory deprivation, boredom, and loneliness.** There-
fore, providing a welcoming environment to patients with
dementia and their caregivers is a major aspect of their care.
Because caregiver burden is significantly associated with
BPSD severity in patients,** the alleviation of BPSD is a press-
ing concern that not only mitigates undesirable behavior but
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Figure 2. Forest plot of CMAI scores (A) and subgroup of CMAI scores (B). CMAI scores were significantly lower after HT intervention (A); no
significant differences were observed between the Western and East Asian subgroups (B). CMAI indicates Cohen-Mansfield Agitation Inventory;

HT, horticultural therapy.

Test for overall effect: Z= 2.34 (P = 0.02)

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random. 95% CI
Gigliotti 2004 5886 214 16 486 21 14 342% 10.26(8.74,11.78) -
Gigliotti 2005 7769 2227 48 27.74 217 48 336% 49.95(41.1558.75) -
Jarrott 2002 81.2 21 @ 41 123 7 322% 77.10(60.63,93.57) -
Total (95% Cl) 73 69 100.0% 45.10 [7.27,82.92] g
Heterogeneity. Tau?= 1087.57; Chi*= 136.55, df= 2 (P < 0.00001); F= 99% I, 5 P SR

[control]  v.s. [experimental]

Figure 3. Forest plot of time spent engaged in activity. Patients with dementia who received HT interventions spent significantly more time

engaged in activity. HT indicates horticultural therapy.

also improves patients’ quality of life.” Notably, personalized
improvements in care quality is key to stabilizing patient con-
ditions. This study indicated that HT activities alleviate nega-
tive emotions in patients with dementia, which not only
alleviate the difficulties faced by patients and their caregivers
but also increase their quality of life.

However, some patients with dementia with comorbid
affective disorders or unpredictable behavioral disturbances’
tend to engage in fewer or no activities. Stabilizing patient
emotions and encouraging their involvement in activities is a
main challenge. The pooled results of this study revealed that
HT can entice patients to spend more time active. Hartig et al
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV.Random. 95% Cl IV. Random. 95% Cl
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Total (95% CI) 73 69 100.0% -29.36[-51.85, -6.87] >
Heterogeneity: Tau®= 324.50; Chi*= 13.43, df = 2 (P = 0.001); F= 85% et —t
Test for overall efiect: Z= 2.56 (P = 0.01) L T T o . -
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Figure 4. Forest plot of inactive status. HT intervention had significant effects on the inactivity status of patients. HT indicates horticultural

therapy.

reported that patients benefit from multiple forms of contact
with nature in the form of decreased stress and increased
physical and social engagement.** Furthermore, nature is an
excellent resting environment that focuses attention and
produces a restorative effect.*® Dahlkvist et al suggested a
significantly positive relationship between garden visits and
self-perceived health.*’ Furthermore, participation in activi-
ties is considered a crucial component of some therapeutic
programs. According to Park et al, HT provides forms of
activity that improve the physical and cognitive functions of
patients and enable interpersonal communication and social
interaction.?®

The results of this systematic review revealed that 4 stud-
ies focused on adapting HT interventions to improve cog-
nitive function. Horticultural therapy includes sensory
stimulation, which may spark memories and arouse remi-
niscence. However, with regard to improvements in cogni-
tive function and depressive symptoms, HT may not have a
significant effect on reminiscence therapy. The meta-
analysis results pooled from the literature revealed no
conclusive evidence that HT results in significant improve-
ments in patients’ cognitive function. However, in some
groups, HT may help patients recall memories, such as
their experiences at work or in life. The effect of HT on
these group of patients may be similar to that of reminis-
cence therapy. However, with regard to cognitive improve-
ments, the combined effects of HT and reminiscence
therapy warrant further investigation.

Horticultural therapy is not only suitable for patients with
dementia but also popular in the general population. Most stud-
ies have focused on the building of specialized gardens or green
places for patients with dementia. These sites, in addition to
their original function, can serve as sightseeing attractions for
the general public as well as patients with autism or other
psychological illnesses. Patients with dementia can interact
with visitors and participate in the design, creation, monitoring,
and maintenance of the gardens. Ample evidence indicates that
social activities help patients with dementia maintain their cog-
nitive function. Tending to a garden can not only help patients
with dementia increase their social network but also enhance
their creativity, self-esteem, and sense of ownership. Horticul-
tural therapy can provide other benefits to patients with
dementia.

Conclusions

The results of this meta-analysis indicated the effects of sen-
sory gardens and HT programs on improvements in agitation
levels and the time spent in activity and inactivity. Further-
more, HT is a widely accepted method that can contribute to
the enrichment and emotional stability of patients with demen-
tia. From this perspective, HT is a suitable, stimulating, and
productive activity for dementia care programs. All studies in
the systematic review that used HT in caring for patients with
dementia had a decreased score on the CMAI; these results can
encourage administrators in care facilities to use HT to care for
patients with dementia.

Study Limitations

The study had several limitations. First, no relevant RCTs
could be extracted. However, to provide more credible evi-
dence, this study summarized the existing published data.
Second, across most articles, the definition of HT is unclear
and inconsistent. For instance, HT might be considered to
involve only activities related to nature scenes. Moreover,
therapeutic landscape studies on garden activities, green care
farms, green spaces, and topics on therapeutic horticulture
were not covered in this meta-analysis. Third, heterogeneity
is across the studies in this meta-analysis was unavoidable
because of subjective differences between the participants,
executors, and people involved with the institutions and inter-
vention programs. Finally, the currently available cognitive
function data were insufficient for a complete meta-analysis.
Although 7 studies could be used with regard to cognitive
function,'*-1923-28:33:37 o1y 2 reported on Mini-Mental State
Examination data that could be used in the meta-analysis.
Further investigation is required to corroborate the credibility
of the currently-scant results on the effects of cognitive
function in HT.

Despite these limitations, the current meta-analysis pre-
sents promising benefits of HT in patients with dementia.
More rigorously designed studies, such as RCTs or cluster
RCTs, are required to confirm the effects of HT in patients
with dementia.
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