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Abstract

Background and Objectives: Having contact with nature can be beneficial for health and wellbeing, but many older adults
face barriers with getting outdoors. We conducted a systematic review of quantitative studies on health and wellbeing
impacts of indoor forms of nature (both real and simulated/artificial), for older adults in residential settings.

Research Design and Methods: Search terms relating to older adults and indoor nature were run in 13 scientific databases
(MEDLINE, CINAHL, AgeLine, Environment Complete, AMED, PsychINFO, EMBASE, HMIC, PsychARTICLES, Global
Health, Web of Knowledge, Dissertations and Theses Global, and ASSIA). We also pursued grey literature, global clinical
trials registries, and a range of supplementary methods.

Results: Of 6,131 articles screened against eligibility criteria, 26 studies were accepted into the review, and were quality-
appraised using the Effective Public Health Practice Project (EPHPP) tool. The participants were 930 adults aged over 60.
Nature interventions and health/wellbeing outcomes were heterogeneous, which necessitated a narrative synthesis. The
evidence base was generally weak, with 18 of 26 studies having a high risk of bias. However, several higher-quality studies
found indoor gardening and horticulture programs were effective for cognition, psychological wellbeing, social outcomes,
and life satisfaction.

Discussion and Implications: There is inconsistent evidence that indoor nature exposures are beneficial for older care
residents. We expect that successful interventions were, at least partly, facilitating social interaction, supporting feelings of
autonomy/control, and promoting skill development, that is, factors not necessarily associated with nature per se. Higher-
quality studies with improved reporting standards are needed to further elucidate these mechanisms.
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Background and Objectives into and living well within long-term care can present

In the United Kingdom in 2018, around 421,000 adults significant challenges for some residents; with greater risk

aged 65+ were living in residential homes (Age UK, 2017). of dissatisfaction, loneliness, hopelessness, and depression

accompanying declines in physical and cognitive health as

Despite the benefits of 24-hr access to professional staff
people age (NICE, 2013).

and presence of a network of other residents, transitioning
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One way to support residents’ wellbeing, and help
“buffer” them against changes to their routines and health
conditions, could be through facilitating contact with
nature. A high proportion of older adults reports that
contact with nature is important to them (Finlay, Franke,
McKay, & Sims-Gould, 2015; Orr, Wagstaffe, Briscoe,
& Garside, 2016; Reynolds, 2016). Moreover, growing
evidence indicates that living near to and/or visiting natural
environments (e.g., green spaces such as parks, woodland,
and blue spaces like the coast, lakes, and rivers) can have a
wide range of health and wellbeing benefits (Gascon et al.,
2015; Gascon, Zijlema, Vert, White, & Nieuwenhuijsen,
2017; Mitchell & Popham, 2008; White, Pahl, Wheeler,
Depledge, & Fleming, 2017). Though this evidence usually
draws on the wider general population; benefits have also
been reported in residential care settings. For example, time
spent in “nearby nature”—usually the home’s garden—has
been associated with improved concentration (Ottosson
& Grahn, 2005), reduced agitation (Whear et al., 2014),
supported feelings of competence (Rappe & Topo, 2007),
and increased quality of life (QoL) for residents (Raske,
2010), including for those with dementia (Whear et al.,
2014).

Despite these findings, various barriers, such as physical
mobility issues, staff shortages, and concerns for residents’
safety, can make access to nature difficult for long-term care
residents (Hernandez, 2007; Kearney & Winterbottom,
2006; Morgan & Stewart, 1999; Reynolds, 2016; Rodiek,
2006). Lack of contact with nature has been associated
with chronic stress and poor mental health among the
world’s increasingly urban populations (McSweeney,
Rainham, Johnson, Sherry, & Singleton, 2015). Therefore,
it is conceivable that concomitant detachment from nature
could exacerbate the potential mental health problems
faced by long-term care residents. Finding ways to connect
residents with nature might help maintain or improve
wellbeing and reduce negative symptoms.

One way to enable nature contact for residents for
whom outdoor access is infrequent or impossible, could
be to simulate aspects of nature indoors. A 2014 literature
review that included adults across the whole life span,
explored impacts of real and simulated indoor forms of
nature, ranging from permanent installations (e.g., building
design features, nature art, indoor gardens), to more interim
exposures (e.g., photographs and films). Improvements were
found in a range of wellbeing outcomes including cognition,
physiological stress/restoration, mood/affect, QoL, and
reductions in physical pain (McSweeney et al., 2015).
Although encouraging, none of the studies in this review
focused on older adults, including those living in long-
term care. We anticipated that the circumstances of these
individuals, not least their ability to interact with nature
autonomously, may be markedly different than the general
adult population. Consequently, the current systematic
review aimed to fill this evidence gap by synthesizing the
health impacts of indoor nature exposure for older people in

residential settings. Both real and simulated forms of nature
were included. The review question was: “is exposure to
indoor nature beneficial for the health and wellbeing of older
adults in residential settings?”

Methods

The review was conducted according to Centre for Reviews
and Dissemination (CRD) guidelines (Centre for Reviews
and Dissemination, 2009), and the protocol was registered
with PROSPERO (CRD42017056750).

Study Eligibility

The PICOS method was used to define eligibility criteria
as follows; Population: Adults aged 60+ (or where the
median sample age is 60+) living in any residential setting
(including assisted and independent living complexes);
Intervention: any form of real or simulated indoor nature
exposure (excluding window views of outdoor nature, and
animal-assisted therapy); Control/comparator: non-nature
interventions (e.g., music groups) or no-intervention (i.e.,
“usual care”) control groups. We also accepted single
group before-after-after (“pre/post”) studies; Outcome:
any health or wellbeing outcome; Study design: any
quantitative design. A more thorough description, detailing
inclusion, and exclusion criteria, is available in Table 1.

Database Search

A Master Search was developed iteratively in the MEDLINE
database in consultation with an information specialist.
The final list of search terms is available in Supplementary
Appendix 1; terms related to older adults or residential
care were combined using the “AND” operator, with terms
related to indoor nature interventions. Free-text searching
was used together with relevant MeSH subject headings.
The Master Search was adapted in 12 databases: CINAHL,
AgeLine, Environment Complete, AMED, PsychINFO,
EMBASE, HMIC, PsychARTICLES, Global Health, Web of
Knowledge, Dissertations and Theses Global, and ASSIA.
The search identified 24 papers when it was originally
performed in March 2017 and 2 further papers when it
was rerun September 2018.

Grey Literature

OpenGrey, The British Library Catalogue and two global
clinical trials registries (clinicaltrials.gov and www.who.
int/trialsearch) were searched for grey literature.

Supplementary Search

This included forwards and backwards citation chasing,
hand-searching nonindexed journals, searching authors’
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Table 1. Study Eligibility Criteria
Comparator/
Population Intervention Control Outcomes Study design Setting
Inclusion Adults aged Exposure to any form of Non-nature Any health or Any quantitative  Residential
criteria 60+ (or where indoor real, artificial or interventions wellbeing outcome(s).  design. settings:
the median virtual/simulated nature (e.g., music Health was based on Mixed methods  defined as
age was including but not limited groups, the WHO definition, were accepted if  anywhere
60+, or the to: indoor gardening/ receiving encompassing the quantitative  participants
majority of horticulture programs, visitors) physical psychological  aspect could be were
participants indoor gardens/plants, No-intervention and social aspects. separated. currently
were aged nature art/imagery, videos,  controls (i.e., Wellbeing was living and
60+) and Virtual Reality. “usual care”) considered as more primarily
Noncontrolled  holistic, encompassing considered
studies functional and “residents,”
behavioral aspects, i.e., not
feelings, emotions and “patients,”
moods. “inmates,” or
“workers”
Exclusion Average age Nature exposure wholly Health and/or There was no Anywhere
criteria across sample  or partially experienced wellbeing outcomes quantitative data  where the
was under 60  outdoors were not reported Quantitative ultimate aim
Window views, e.g., onto data could not was discharge
countryside and gardens be separated from the
Studies where it was not from qualitative  facility, such as
possible to distinguish the data in mixed hospitals and
impact of nature from other methods studies.  rehabilitation
aspects of multicomponent centers.
interventions Prisons
Studies on pet or animal- Vacation
assisted therapy or respite
Studies about impact of settings
sunlight or UV exposure Work-based
settings
Additional Written in English
requirements Presented within academic journals, dissertations, or theses

The full-text of the article had to be available/retrievable where abstracts alone did not provide sufficient information to

apply quality appraisal criteria

There were no restrictions according to publication status or dates

Note: Studies were required to meet all of the inclusion and exclusion criteria, and several additional requirements, to be eligible for inclusion in the systematic

review.

publication lists, examining key literature reviews (Bossen,
2010; Bringslimark, Hartig, & Patil, 2009; Gonzalez
& Kirkevold, 2014; McSweeney et al., 2015; Wang &
MacMillan, 2013), and contacting a range of relevant local,
national, and international organizations.

Screening

All hits were imported into Endnote X7 reference
management software and de-duplicated. Title/abstract
subsequent  full-text
performed by two independent reviewers. Where there

screening and screening  were
were disagreements on eligibility, consensus was reached

through discussion and, if unresolved, by consulting a third

reviewer. A PRISMA flow chart overviewing the searching
and screening processes is shown in Figure 1.

Data Extraction

Study data were independently extracted by two reviewers
using a prepiloted template (see Supplementary Appendix
2). Discrepancies arising between reviewers were resolved
through discussion and consulting a third reviewer if necessary.

Quality Appraisal

The Effective Public Health Practice Project (EPHPP)

Quality Assessment Tool for Quantitative Studies
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Records identified through
scientific database search:
n=7260

Records after duplicates
removed: n=5200

Records identified —,|

through grey literature
search: n=931

Titles/Abstracts screened:
n=6131

Titles/Abstracts excluded:
q n=6088

Eligible for full-text
screening: n=43

Full-texts accessible: n=39

Full-texts inaccessible: n=4
(excluded)

A 4

Records identified

Full-texts identified for
inclusion: n=19

.| Full-text articles excluded
with reason codes (see
figure legend): n=20

through supplementary >

search: n=386

Supplementary search
inclusions: n=5

Code 1: n=3

Codes 1&2: n=4
Codes 1&3: n=1
Code 2: n=

Records identified

E—

Code 3:

through search re-run
(Sep 2018): n=87

Inclusions from search re-
run: n=2

Code 4:

Code 6:

NN -=2BDN

n
n
Code 5: n
n
n

Code 7:

Total inclusions for data
extraction: n=26

Figure 1. Study selection flowchart. Note: PRISMA flow diagram outlining study selection process. Exclusion codes: (1) study set in an environment
where the participants were not living permanently; (2) the majority of participants were aged under 60; (3) nature exposure was wholly or partially
experienced outdoors; (4) study did not use quantitative data; (5) not enough detail was available to apply the quality appraisal criteria; (6) study
duplicates material from an already-included study; and (7) no nature intervention included.

(Thomas, Ciliska, Dobbins, & Micucci, 2004) was used
by two independent reviewers to appraise study quality.
The EPHPP was considered appropriate because it: (1)
allows assessment of any quantitative study design, (2)
was developed for health promotion interventions, (3)
has been judged suitable to be used in systematic reviews
of effectiveness, and (4) has adequate construct and
content validity (Armijo-Olivo, Stiles, Hagen, Biondo, &
Cummings, 2012; Thomas et al., 2004). The tool assesses
six domains: (1) selection bias; (2) study design; (3)
confounders; (4) blinding; (5) data collection method; and
(6) withdrawals/dropouts. Each domain is rated as strong
(one point), moderate (two points), or weak (three points)
according to EPHPP guidance, and domain scores are
averaged to provide a global score. Based on their global
score, studies are assigned a quality rating reflecting risk of
bias, of weak (2.51-3.00, i.e., high risk of bias), moderate
(1.51-2.50, i.e., medium risk of bias) or strong (1.00-1.50,
i.e., low risk of bias). We refer to study quality hereafter as
“strong,” “moderate,” or “weak” as a form of shorthand,
and to align with the EPHPP language. We did not exclude
any studies based on quality.

Data Synthesis

The heterogeneous nature of the study designs and outcome
measures precluded meta-analysis and so, we provide a
narrative synthesis in the results and discussion sections,
drawing on study findings (usually reported as difference in
group means) with reference to study quality. Most studies
did not confirm baseline equivalence, and as such we were
unable to accurately calculate post-test effect sizes.

Results

Twenty-six papers were included in the review (see Figure 1).

Overview of Studies

Included studies were highly heterogeneous in terms of
nature interventions, comparator groups, and health/
wellbeing outcomes. An overview of all studies, grouped
by intervention, is shown in Table 2, with full study details
provided in Supplementary Appendix 3. Table 2 also
indicates the significance of each study outcome, with full
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results provided Supplementary Appendix 4, and discussed
in the following sections.

Most studies took place after 2000 with the majority
published in the last decade (z = 19), although four took
place between 1979 and 1998. The studies were conducted
in the United States (7 = 15), Australia (nz = 2), Canada
(n=1),Hong Kong (1 = 1), Taiwan (n = 1), United Kingdom
(n = 1), or an unspecified location (1 = 5). Settings included
nursing homes (7 = 9), homes, wings, or units specialized
to accommodate people with dementia (1 = 6), residential,
continuing care, or aged care homes (7 = 7), assisted living
accommodation (1), and independent living apartment
complexes (1 = 3).

A total of 930 participants (mean per study: 36; range
per study: 10-85) were included in the 26 studies. Across
the 18 studies which specified participant ages, mean/
median age ranged from 61 to 89 years. Across the 23
studies which reported participant sex, a mean of 69%
were female. Only one study recruited more men than
women (Goto, Kamal, Puzio, Kobylarz, & Herrup, 2014).

The interventions, which are detailed more fully below,
included indoor gardening and horticulture programs
(which involved active participation by residents),
indoor gardens (which residents visited, but were not
actively involved in maintaining), indoor plants, nature
installations, photographs, films, Virtual Reality, and fish
tank aquariums.

Eighteen studies used control or comparison groups
(three randomized controlled trials [RCT], four cluster
RCT, eight controlled clinical trials [CCT], and three
crossover studies) which included usual care, receiving
social visits from the researchers or the home’s staff, waiting
list designs, music groups, and nonnature installations/
photographs and films. The remaining eight studies were
one-group designs.

A range of functional/physical, physiological, cognitive,
behavioral, emotional, and social health and wellbeing
outcomes were captured using self-report scales, researcher/
carer observations, participant tests and tasks (e.g., for
assessing cognition), and direct objective measurements
(e.g., for physiological outcomes such as pulse rate). Each
study reported between one and seven outcomes.

Study Quality

A summary of the quality appraisal is shown in Table 3.
Eighteen of the 26 studies received weak ratings, 7 were
moderate (Barnicle & Midden, 2003; Edwards, Beck, &
Lim, 2014; Lee & Kim, 2008; Martin, 2011; Reynolds,
Rodiek, Lininger, & McCulley, 2018; Scott, Masser, &
Pachana, 2014; Tse, 2010) and 1 was strong (D’Andrea,
Batavia, & Sasson, 2008). The strongest components
across all studies were: (1) study design (i.e., likelihood of
bias resulting from allocation processes was minimized,
and, where applicable, a method of randomization was
described and justified) and (2) withdrawals/dropouts

(i.e., dropout rates were reported, and a high proportion
of participants completed the study), with 62% of studies
receiving a “strong” rating on each of these. The weakest
components overall were: (1) confounders (i.e., authors did
not indicate whether groups were equivalent at baseline,
or did not explain whether/how additional variables
were controlled for in the analysis) with 69% receiving a
“weak” rating and (2) blinding (i.e., authors did not state
whether outcome assessors and participants were blind
to participant intervention status) with 50% receiving a
“weak” rating.

Interventions

The interventions can be divided broadly into two
categories: (1) “active” nature interventions, which
involved intentional, direct, and tactile interaction with
real forms of nature or Virtual Reality and (2) “passive”
nature interventions, in which participants could observe
forms of real nature (e.g., indoor plants, fish aquariums)
or simulated nature (e.g., photo walls, nature videos), but
were not able to influence or manipulate them.

Active Nature Studies

Nine out of the 10 active nature programs involved
interaction with real forms of nature through “indoor
gardening” (Brown, Allen, Dwozan, Mercer, & Warren,
2004; Lee & Kim, 2008; Powell, Felce, Jenkins, & Lunt,
1979; Tse, 2010); “horticulture activities” (Barnicle &
Midden, 2003; Collins & O’Callaghan, 2008; Masuya,
Ota, & Mashida, 2014); or “Horticulture Therapy”
(D’Andrea et al., 2008; Yao & Chen, 2017) programs. The
distinction between these subtypes was unclear; all involved
instructor-led activities related to cultivating plants, and
most included group discussion. There were generally
one or two sessions (totaling 30-120 min) per week, for
4-10 weeks. Some programs had specific lessons/plans
each week; others were more informal. The other active
nature study used a form of Virtual Reality, consisting of a
large immersive wall-mounted TV screen depicting a forest
scene (Moyle, Jones, Dwan, & Petrovich, 2018). Video
game technology allowed participants to interact with
and influence the forest elements by moving their hands
and arms. Seven of the 10 active nature studies included a
control group—most often this was “usual care” (n = 5).
Six of the 10 studies were rated as weak quality, three as
moderate, and one as strong.

Passive Nature Studies

These 16 studies used indoor plants (Kiyota, 2009; Webster,
2015), an indoor garden (Goto et al., 2014), nature corridor
enhancements (Cohen-Mansfield & Werner, 1998; Martin,
2011; Scott et al.,2014), aquariums (DeSchriver & Riddick,
1990; Edwards & Beck, 2002, 2013; Edwards et al., 2014;
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Table 2. Continued

Comparator(s) /

Study design

First author, year,

Bb

Outcome(s)

Frequency/ duration

control(s)

Intervention(s)

Residence type

Sample

(quality score)

country

1. Behavior

8 weeks, visible at

N/A

Fish aquarium

71 (dementia) Specialized

One-group pre/

Edwards et al.,

mealtimes

dementia unit

post (Moderate)

2014, United States

Self-reported.

= Randomized controlled trial; SR =

Quality of Life; RCT

= Not applicable; QoL

Controlled clinical trial; N/A

Alzheimer’s disease; CCT =
“Within-group changes; "between-group changes; ‘duration of sessions not indicated; ¢ condition was a control group in the individual study but is considered as an intervention for the current review. In the W column, green

Note: AZD

(V') indicates the intervention group (but not the control/comparator group, if included) was significantly effective over time; yellow (-) indicates the intervention group had no significant effect over time; red (X) indicates the

control/comparator group (but not the intervention group) was significantly effective over time. In B column, green (v') indicates a significant difference favoring intervention; yellow (-) indicates no between-group differences;

red (X) indicates a significant difference favoring control/comparator. In either W or B column, no color/symbol means results were inconsistent/mixed, direction of effect(s) were unclear, some results were not reported, the

study only reported descriptive statistics, or the test was not performed or not applicable.

Riddick, 1984), or media such as nature photos or videos
(Aslakson, 2010; Chung, Choi, & Kim, 2016; Eggert et al.,
20135; Kieffer, 2014; Reynolds et al., 2018). The duration
of the interventions ranged from a 25-min photo viewing
session (Kieffer, 2014), up to a 6-month longitudinal study
involving an aquarium intervention (Riddick, 1984), but
most interventions ran for 2—-8 weeks. Sample sizes tended
to be smaller in the passive (mean 7 = 33, range 11-71) than
the active (mean 7 = 41, range 10-85) nature studies, and
quality was marginally lower, with 12 of 16 studies being
weak, and 4 being moderate. Eleven studies included control
groups, but other designs were less robust, including one
cross-sectional study (Kieffer, 2014). A greater proportion of
the passive nature studies (11 of 16), compared with active
nature studies (3 of 10), specifically recruited people with
dementia, who lived in specialized dementia units, memory
care units, or nursing homes. The remaining five passive
nature studies all took place in independent living facilities.

Outcomes

The results of each study are indicated in Table 2, detailed
fully in Supplementary Appendix 4, and discussed in the
sections below.

Dementia-Related Outcomes

Twelve studies measured impacts of indoor nature on
dementia-related outcomes such as cognition and agitation.
Effects were inconsistent, with nature interventions often
proving no more effective than comparators such as music
therapy (Aslakson, 2010), “home-like” corridor installations
(Cohen-Mansfield & Werner, 1998; Martin, 2011) or a
generational movie (Reynolds et al., 2018). Agitation and
cognitive decline were significantly lower in higher-quality
gardening studies (D’Andrea et al., 2008; Lee & Kim, 2008),
but not in a lower quality horticulture study (Masuya et al.,
2014). Other dementia-related behaviors were more often
targeted using passive interventions in weaker quality studies
(Cohen-Mansfield & Werner, 1998; Goto et al., 2014; Webster,
2015), and results and reporting standards were mixed.

Psychological Wellbeing Outcomes

Twelve studies measured impacts on psychological
wellbeing, with outcomes ranging from emotional states
such as mood and affect, to clinically-relevant indicators
of anxiety and depression. Reporting tended to be better
and sample sizes larger for psychological wellbeing than
dementia-related outcomes. Nevertheless 8 of 12 studies
received weak ratings despite 6 of these having included
control groups. Weak ratings were usually due to problems
with researcher—participant blinding (an understandable
challenge in a care home setting), and/or failure to account
for potential confounders.
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Table 3. Quality Appraisal/Risk of Bias

EPHPP subcategory

Selection Study
Lead Author bias design

Aslakson

Barnicle

Brown

Chung

Cohen-Mansfield

Collins

D’Andrea

DeSchriver

Edwards and Beck (2002)
Edwards and Beck (2013)
Edwards and colleagues
(2014)

Eggert

Goto

Kieffer

Kiyota

Lee

Martin

M
M
M
M
M
M
M

Masuya
Moyle
Powell
Reynolds
Riddick
Scott

Tse
Webster
Yao

Confounders

Withdrawals Global
and dropouts rating

Data collection

Blinding method

Note: Quality appraisal was performed according to EPHPP criteria. The subcategories were scored as being weak (W), moderate (M), or strong (S). The

subcategories were then averaged to calculate the global rating.

Active interventions were associated with significant
improvements across weak (Masuya et al., 2014;
Moyle et al., 2018; Yao & Chen, 2017) and moderate
(Barnicle & Midden, 2003; Tse, 2010) studies measuring
depression (Masuya et al.,2014), happiness (Yao & Chen,
2017), affect (Barnicle & Midden, 2003), and loneliness
(Tse, 2010). Significant improvements occurred more
frequently where the control group was “usual care.”
By contrast, comparator groups, for example, receiving
social visits (Brown et al., 2004), were just as effective
as active nature-based interventions, for psychological
wellbeing. Other studies found improvements in apathy
during exposure to a Virtual Reality forest (Moyle et al.,
2018), and in happiness and feelings of mastery following
a horticulture activity program (Collins & O’Callaghan,
2008), but both were based on small samples and lacked
control groups.

Effects of passive interventions were inconsistent, but
generally more effective for interim outcomes such as
pleasure (Cohen-Mansfield & Werner, 1998; Reynolds
et al.,, 2018), and perceived restoration (Kiyota, 2009),

than clinical ones like anxiety or depression (Kiyota,
2009; Reynolds et al., 2018; Scott et al., 2014), which
may reflect that the interventions had relatively short time
frames. Happiness scores improved for participants who
received a home aquarium plus researcher visits, relative to
a visits-only group, or no-intervention controls (Riddick,
1984), but as between-groups inferential analyses were not
conducted; the statistical significance of these effects was
unclear.

Social Outcomes

Social engagement and interpersonal intimacy
significantly improved in weak (Yao & Chen, 2017) and
moderate (Tse, 2010) studies that compared gardening/
horticulture programs against “usual care.” However,
there were no significant improvements over alternative
types of interventions including 20-min social visits
(Brown et al., 2004) or a “reminiscence” installation
(Scott et al., 2014) in weak- and moderate-quality
studies, respectively.
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Functional and Physical Outcomes

Seven studies measured functional or physical health and
wellbeing, in terms of Activities of Daily Living (ADL)
(Brown et al., 2004; Masuya et al., 2014; Tse, 2010; Yao
& Chen, 2017), sleep (Lee & Kim, 2008), and nutritional
intake and body weight (Edwards & Beck, 2002, 2013).
Of one moderate (Tse, 2010) and three weak (Brown et al.,
2004; Masuya et al., 2014; Yao & Chen, 2017) studies that
measured ADL before and after completion of controlled
indoor gardening/horticulture programs lasting 5-8 weeks,
only one weak-quality study found significant positive
effects (Yao & Chen, 2017). There were indications that
indoor gardening and fish aquariums were able to improve
the quality and quantity of sleep (Lee & Kim, 2008) and
nutritional intake/body weight (Edwards & Beck, 2013),
respectively, for people with dementia, but these studies
lacked control groups for comparison.

Physiological Outcomes

One moderate-quality and three weak-quality studies
investigated whether passive nature interventions (a nature
film (Reynolds et al., 2018), fish aquariums (DeSchriver
& Riddick, 1990; Riddick, 1984), or an indoor garden
(Goto et al., 2014)) could alter indicators of physiological
stress, such as pulse rate and blood pressure. A moderate-
quality crossover study reported that average heart rate
significantly decreased for people with dementia when
they watched a nature film, but not when they watched a
generational movie (Reynolds et al., 2018). Although the
other studies also used controlled designs; all suffered from
poor reporting, with no between-group comparisons made
in two (Goto et al., 2014; Riddick, 1984) and mismatches
between tabulated data and study conclusions in the other

(DeSchriver & Riddick, 1990).

General Health, Wellbeing, and Satisfaction

The remaining outcomes comprised various measures of
satisfaction (Riddick, 1984; Scott et al., 2014; Tse, 2010),
engagement (Aslakson, 2010; Eggert et al., 2015; Moyle
et al., 2018; Powell et al., 1979) and self-perceived health,
wellbeing, and QoL (Collins & O’Callaghan, 2008; Kieffer,
2014; Masuya et al., 2014; Yao & Chen, 2017). At least
some significant improvements were reported in all five
studies which employed gardening/horticulture programs
(Collins & O’Callaghan, 2008; Masuya et al., 2014; Powell
et al., 1979; Tse, 2010; Yao & Chen, 2017). Increases in
engagement occurred only with gardening (Powell et al.,
1979), and not with photos (Eggert et al., 2015) or videos
(Aslakson, 2010). None of the studies using passive nature
reported any positive effects. In fact, the reverse was true in
a moderate-quality RCT of a biophilia installation, where
outcomes instead favored the “reminiscence” installation
and no-installation comparator groups (Scott et al., 2014).

Discussion and Implications

Key Findings

This systematic review aimed to evaluate the evidence that
indoor nature interventions might improve the health and
wellbeing of older adults in residential settings. On the
whole, there was little robust evidence of improvements
with most studies receiving a weak-quality rating,
indicating a high risk of potential bias (18 of 26) using the
EPHPP criteria.

Nevertheless, interventions involving physical
interaction with real forms of nature, such as indoor
gardening programs, appeared to be more effective
than passive interventions such as nature installations
or photographs. The strongest study (i.e., with low
risk of bias) reported significantly less cognitive decline
for people with Alzheimer’s Disease, following a
Horticulture Therapy program (D’Andrea et al., 2008).
In addition, two controlled gardening studies, both
of moderate quality, reported improvements in affect
balance (Collins & O’Callaghan, 2008), and loneliness,
social engagement, and life satisfaction (Tse, 2010). Of
the seven gardening/horticulture studies that included
control/comparator groups, six reported significant
between-group differences favoring nature in at least
one measured health/wellbeing outcome (Barnicle &
Midden, 2003; D’Andrea et al., 2008; Masuya et al.,
2014; Powell et al., 1979; Tse, 2010; Yao & Chen,
2017). This was the case for only four (Goto et al., 2014;
Kiyota, 2009; Reynolds et al., 2018; Scott et al., 2014) of
the 11 controlled passive nature studies. These findings
align with seminal works which describe incremental
wellbeing benefits with increasing nature engagement,
from “indirect” (i.e., passive viewing), up to “intentional”
(i.e., active) participation in nature (Keniger, Gaston,
Irvine, & Fuller, 2013; Pretty, 2004).

In terms of outcomes, significant positive effects
were reported for psychological and social wellbeing,
engagement, life satisfaction, and QoL indicators across
several controlled studies of both weak (Kiyota, 2009;
Masuya et al., 2014; Powell et al., 1979; Yao & Chen,
2017) and moderate (Barnicle & Midden, 2003; Reynolds
et al., 2018; Scott et al., 2014; Tse, 2010) quality. This
reflects a growing evidence base arguing that contact with
nature can: (1) support mental health/wellbeing (Bragg &
Atkins, 2016) and (2) bring people together, increasing
social capital/cohesion, reducing loneliness, and creating
a sense of community (Maas, van Dillen, Verheij, &
Groenewegen, 2009; de Vries, van Dillen, Groenewegen,
& Spreeuwenberg, 2013). Effects on functional/physical,
physiological, and dementia-related outcomes were
more mixed, with some positive effects of gardening and
horticulture programs (D’Andrea et al., 2008; Yao & Chen,
2017), fish aquariums (Edwards & Beck, 2002; Riddick,
1984), nature films (Reynolds et al., 2018), and Virtual
Reality (Moyle et al., 2018).
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Effects of Interventions for People With Dementia

More than half of the studies (14 of 26) specifically stated
recruitment of individuals with dementia, but only eight
of these included control groups. Of these, four studies
reported significant improvements in outcomes ranging
from cognition (D’Andrea et al., 2008) and heart rate
(Reynolds et al., 2018) in strong and moderate studies,
to behavior (Goto et al., 2014) and nutritional intake
(Edwards & Beck, 2002) in weaker studies. On the
whole, these interventions were structured activities
that specifically required participants to attend, and all
involved the researcher or staff staying in the room with
the participants during their nature exposure. Most aimed
to engage residents frequently, with the majority being
accessible either every day (Edwards & Beck, 2002) or
twice per week (D’Andrea et al., 2008; Goto et al., 2014).
The diversity of the successful interventions, spanning
Horticulture Therapy, an indoor garden, a fish aquarium
and an Immersive Virtual Nature Experience, suggests that
a variety of active and passive indoor nature mechanisms
may be beneficial in supporting the health of older adults
with dementia. However, further, high-quality research
is needed to substantiate this given the small number of
robust studies.

Links With Theory

Most studies identified a theoretical basis for their research
but this was usually limited to paper introductions and
rarely elaborated in their discussions. The most frequently
referenced theories concerned wellbeing impacts of nature
rooted in evolutionary psychology. For example, four
studies (Edwards & Beck, 2013; Martin, 2011; Scott et al.,
2014; Webster, 2015) mentioned the Biophilia Hypothesis,
which posits that because humans evolved in nature; we
retain an innate connection with living things (Wilson,
1984). Ten studies made direct or indirect reference to
one or both of two classic theories which argue that the
content and structure of natural settings can promote
psychologically restorative experiences, allowing for
recovery of attentional processes (Attention Restoration
Theory [Kaplan & Kaplan, 1989]) and/or recovery from
psycho-physiological stress (Psychological Stress Reduction
Theory [Ulrich, 1981]). However, only half of these studies
included outcomes directly relating to attention (Chung
et al., 2016; D’Andrea et al., 2008), stress (Reynolds et al.,
2018), or restoration (Kiyota, 2009; Webster, 2015).
Others specified broader environmental theories,
proposing that wellbeing of people with dementia improves
when care homes’ physical environments are altered in
order to provide enrichment (Edwards et al., 2014), reduce
vulnerability (Aslakson, 2010), and reduce inappropriate
stimulation (Cohen-Mansfield & Werner, 1998). However,
these studies did not necessarily stipulate a special or unique
role for nature in these processes. Others worked within

wider theoretical contexts, including health promotion
(Brown et al., 2004), physical activity (Lee & Kim, 2008),
and Theory of Personhood (Masuya et al., 2014), and here
nature seemed to be coincidental to the intervention’s goal,
rather than its central focus.

Although many studies acknowledged theories, it was
rarely apparent that they used them to inform their study’s
design or measures. Moreover, there was little attempt
to work across/integrate different theories, or to develop
conceptual models of anticipated mechanisms/pathways/
contextual factors linking nature-based interventions to
wellbeing outcomes, in care settings. Future work in this
area would benefit from a Complex Interventions-based
approach (Craig et al., 2008) that attempts to unpick which
kinds of interventions generate the most beneficial impacts,
for which outcomes, for whom, and in what circumstances.

Identifying Key Features of Stronger
Interventions

We analyzed the 18 controlled studies from several
perspectives (e.g., sample size, intervention duration/
frequency, setting, dementia diagnosis, data collection
procedure) to try and identify factors that may moderate or
mediate effective indoor nature interventions. Though the
majority of results were inconsistent, we found that larger
proportions of the studies lasting more than 5 weeks (7
of 9), and those set in nursing homes (7 of 10), reported
significant findings, compared with those lasting 5 weeks
or less (3 of 9), or based in other settings (3 of 8). A smaller
proportion of the studies specifically recruiting people
with dementia reported any significant results (4 of 8),
compared with those recruiting more widely (7 of 10). The
proportions of findings which were statistically significant
were similar regardless of whether the staff/researcher
(37.5%) or resident themselves (40%) completed the
outcome measure.

By cross-referencing Tables 1-3, we identified features
which tended to persist across studies reporting significant
positive effects. We observed that, regardless of whether
or not they involved gardening/horticulture activities,
interventions were more likely to be effective when they
afforded: (1) shared/group experiences; (2) acquiring
knowledge and learning skills; and/or (3) opportunities to
have control/autonomy, provide care, or be responsible for
nature. Each of these factors: social interaction (Bassuk,
Glass, & Berkman, 1999; Graney, 1975; Mendes de Leon,
Glass, & Berkman, 2003), lifelong learning (Narushima,
Liu, & Diestelkamp, 2013,2018), and having responsibility/
autonomy (Kloos, Trompetter, Bohlmeijer, & Westerhof,
2018; Langer & Rodin, 1976), have been reported to
benefit older adults’ wellbeing, in terms of ADL (Mendes
de Leon et al., 2003), happiness (Graney, 1975), cognition
(Bassuk et al., 1999), depression (Kloos et al., 2018), general
psychological wellbeing (Kloos et al., 2018; Narushima
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et al., 2013), general overall health (Langer & Rodin,
1976), and life satisfaction (Kloos et al., 2018), i.e., similar
outcomes to those reported in this review. Horticulture
Therapy is similarly modeled as providing a diverse range
of emotional, physical, intellectual and social mechanisms
(Relf, 2006); we expect therefore, that the success of the
gardening and horticulture programs in particular was
due in part to provision of these experiences, rather than
through fostering interaction with nature per se.

Strengths of the Systematic Review Process

As far as we are aware, this is the first systematic review
to evaluate the evidence of indoor nature interventions
on the health and wellbeing of older adults in residential
settings. Our search strategy used an extensive keyword list,
represented diverse disciplines, and included unpublished
literature. Despite being unable to perform meta-analyses,
we attempted to assimilate studies through narrative and
tabulation. Finally, we only included studies which took
place in residential environments, allowing a degree of
confidence in the external validity of the findings.

Strengths of the Included Studies

Through the quality appraisal process, we found that
participants did not tend to withdraw from “opt-in”
interventions. This was particularly the case with gardening
programs, for which six of nine programs reported 100%
completion rates, indicating that they appear to be largely
acceptable/enjoyable. In addition, most studies included a
control group(s), and outcome measures often had clinically
meaningful thresholds or interpretations. Many studies
avoided an ethical dilemma by ensuring that no residents
“missed out” on the experiencing the intervention (e.g.,
by employing waiting list or crossover designs), and this
inclusivity was noted to make the studies more acceptable
to carers and residents’ families. Finally, some papers
noted that care staff also benefited from the interventions.
Although further investigation was not within the scope
of this review, wellbeing impacts of outdoor nature for
residential care staff have been discussed as part of a
previous review (Whear et al., 2014).

Limitations of the Review Process

We recognize some key limitations of the review process.
First, we opted to use the EPHPP because it was the only
validated, reliable quality appraisal tool that could be used
with a wide range of quantitative studies, but we also
recognize some issues in its use. For example, the EPHPP
tool’s scoring instructions are unbalanced, so that a study
receiving two weak and four strong subcategory scores
receives the same weak overall global score, as another
study receiving six weak subcategory scores. Furthermore,
global scores are based on a nonweighted summation of

the subcategories, which overlooks that some risks may
be more important than others. Second, by only including
quantitative studies, the review perhaps lacked an in-depth
exploration of the relationships between interventions
and outcomes that may have been afforded by including
qualitative data. We may also have missed some studies by
including only English language papers.

Limitations of the Included Studies

Several issues affected the majority of studies, including:
(1) small sample sizes, which conceivably meant most
studies were under-powered to detect significant between-
group effects; (2) lack of random allocation procedures,
or else failure to account for basic demographic factors
(age, sex) in the analyses, either of which risks introducing
confounding; and (3) a lack of researcher—participant
blinding. In addition, a smaller number of studies did not
report between-groups analyses for some (Goto et al.,
2014) or any (Brown et al., 2004; Cohen-Mansfield &
Werner, 1998; Edwards & Beck, 2002; Eggert et al., 20135;
Riddick, 1984) of their outcomes, meaning the relative
effects of their nature intervention arm(s) could not be
evaluated. Furthermore, as most studies did not confirm
baseline equivalency; we could not accurately calculate the
magnitude of their effects.

In addition, these kinds of field intervention studies
are naturally susceptible to uncontrollable biases. For
example, selection effects might have been introduced if
residents opting take part in gardening were particularly
“green-fingered” (and thus not necessarily representative of
the general care population). Observer-expectancy effects
are also possible, for example, if some residents felt the
need to please the researchers in order to maintain social
interaction with them (i.e., social desirability bias). The
latter is particularly pertinent in this review considering
(1) widespread positive impacts on social wellbeing were
observed and (2) social interaction is often limited in these
settings.

Though the above issues reduced our confidence in
the findings, we accept that researchers in this field often
face multiple challenges with recruiting large samples and
that avoiding experimenter effects is near-impossible. We
understand also, that there may be ethical concerns in
including control groups, which effectively deny half of
a care home sample access to an intervention which may
benefit them. However, one area we feel could be improved
is data reporting—as basic demographic information,
summary statistics, and/or study means/medians were
sometimes missing (Aslakson, 2010; Brown et al., 2004;
Chung et al., 2016; Edwards & Beck, 2002; Goto et al.,
2014; Moyle et al., 2018; Powell et al., 1979). In addition,
very few papers stated the proportion of their sample who
were living with dementia or health conditions, which may
have important implications for recruitment, retention, and
outcome effects.
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Conclusions

The impact of indoor nature on older residents” wellbeing
is currently unclear. Though several higher-quality studies
indicated improvements in dementia-related, social, and
psychological wellbeing outcomes; the vast majority of
studies were of weak quality, which made it difficult to
present a comprehensive overview. Nevertheless, there
is some suggestion that active involvement, for example,
through indoor gardening programs, has greater potential
to provide benefits than more passive exposures such as
nature corridor installations. Mechanisms underlying these
interactions may include provision of opportunities for
social stimulation, development of skills, and/or having
responsibility to care for nature, but further research is
needed to fully elucidate these associations.

Recommendations for Practice and Future
Research

Despite the mixed findings of this systematic review, the
gardening and horticulture programs were, on the whole,
more effective than passive forms of nature. The current
evidence does not allow us to recommend indoor nature
interventions over other types of intervention or activities.
However, in the event that practitioners are looking to
utilize indoor forms of nature, we tentatively suggest
facilitation of direct and active nature contact may be more
effective for wellbeing, than more passive forms. In addition,
interventions seem more likely to benefit residents’ health
and wellbeing where there is coprovision of opportunities
for social stimulation, skills development, decision making,
and/or the chance to take responsibility or care for nature.

This review identified several research gaps for
consideration. First, most studies only measured outcomes
before-and-after; it would be valuable to conduct
longitudinal studies which collect data throughout or
following the intervention, to allow for interrogation of
some of the more implicit, purported nature-wellbeing
mechanisms, for example, do the social interactions noted
in this review develop into lasting friendships? Second, we
suggest that future research works within the Complex
Interventions framework to elucidate more clearly
the mechanisms and pathways involved in generating
wellbeing impacts from nature-based interventions in care
settings. Third, we would like to see cocreation of nature-
based interventions alongside the residents, to determine
whether this increases beneficial wellbeing effects. Finally,
though most of the passive nature conditions in this review
produced few effects, it is conceivable that their lower cost,
maintenance, time, and space requirements mean they are
more routinely implemented than active interventions. It
would be interesting to see whether emerging technologies,
such as low-cost mobile head-mounted Virtual Reality, are
able to produce a “compromise,” by combining together
the interactive elements of active interventions, with the

scenic quality and modifiability of passive interventions, to
provide highly immersive indoor nature experiences.

Supplementary Data

Supplementary data are available at The Gerontologist
online.
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