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Abstract

Objectives: To systematically review research testing nature-based interventions for people living
with mild cognitive impairment or dementia, and to report how authors have defined their in-
terventions by presenting a taxonomy of the nature-based interventions.

Methods: A conceptual systematic review of research published between 2008 and 2024 in-
vestigating nature-based interventions for people living with mild cognitive impairment or dementia
was conducted. Three reviewers contributed independently. Exclusion criteria: not specifying if
participants had mild cognitive impairment or dementia, only recruiting caregivers, no primary data,
study protocols, abstracts, reviews, not peer-reviewed journal articles and any other grey literature.
Intervention descriptions within the papers were thematically analysed.

Results: Fifty-two articles reporting fifty-one studies were included. The most common inter-
ventions were nature virtual reality (VR technology) and gardening. From the definition data, we
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produced a taxonomy with overarching domains of: (a) Other terms used; (b) Characteristics; (c)
Activities. Subdomains included: development or approach, modes of action, location, physical
features, and activities. Some interventions could be grouped. Structure and standardisation of the
interventions varied, with a lack of clear reporting.

Conclusion: This taxonomy provides conceptualisations of nature-based interventions that can be
used by future researchers to guide the development, evaluation and reporting of robust inter-
ventions in this area.

Keywords
dementia, mild cognitive impairment, nature-based interventions, conceptual systematic review,
taxonomy, nature

Introduction

Nature-based interventions are structured programmes that employ nature-based experiences or
initiatives, which aim to improve people’s health and wellbeing. Nature-based interventions can be
both passive (e.g., viewing nature) and active (e.g., horticultural therapy) (Yeo et al., 2020). The
positive effects of nature on health and wellbeing have been demonstrated in various populations,
including in people living with mild cognitive impairment or dementia (Lu et al., 2020; Zagnoli
et al., 2022)

Nature-based interventions for people living with mild cognitive impairment or dementia are an
increasingly popular non-pharmacological therapeutic option (Natural England, 2016). Nature-
based interventions can improve people living with mild cognitive impairment or dementia’s mood,
wellbeing and quality of life, with effect on cognition being less conclusive (Edwards et al., 2013;
Hewitt et al., 2013; Masuya & Ota, 2014; Pedrinolla et al., 2019; Scott et al., 2022). Post-diagnostic
support for people living with mild cognitive impairment or dementia and caregivers is limited, with
variation in services offered and specific groups being particularly disadvantaged, such as ethnic
minority communities (Wheatley et al., 2021).

Nature-based interventions may be appealing for people living with mild cognitive impairment or
dementia, as not only do humans have an instinctive affinity towards nature (Ulrich et al., 1991), this
population may have more hobbies involving nature (e.g., gardening), due to changing life cir-
cumstances (Ball et al., 2007). However, nature-based interventions for people living with mild
cognitive impairment or dementia constitute a broad field of research, encompassing a diverse group
of interventions. Though more ‘traditional’ nature-based interventions, such as gardening, can be
more readily classified, there are still differences in how researchers have conceptualised these.
Furthermore, a lack of consensus on what each nature-based intervention constitutes makes it
difficult to define what each nature-based intervention involves.

Varying definitions and unclear theoretical frameworks for defining nature-based interventions
can lead to un-robust development of nature-based interventions, which is problematic as the
interest into their therapeutic potential is growing (Nejade et al., 2022). Heterogeneity in de-
scribing nature-based interventions in clinical practice may also impact upon uptake by people
living with mild cognitive impairment or dementia. Thus, we need to investigate how authors have
defined nature-based interventions in mild cognitive impairment and dementia research, to
identify any overarching conceptualisations of nature-based interventions and to create a tax-
onomy of nature-based interventions which can guide the future development of nature-based
interventions and inform healthcare practitioners. To our knowledge, no other taxonomy has been
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presented for nature-based interventions for people living with mild cognitive impairment or
dementia.

Aims

1. To describe how specific nature-based interventions for people living with mild cognitive
impairment or dementia have been defined in studies meeting our eligibility criteria, to
highlight any overarching conceptualisations of nature-based interventions in previous
literature.

2. To construct and present a novel taxonomy for different nature-based interventions for people
living with mild cognitive impairment or dementia based on the eligible studies.

Materials and methods

Study design

We conducted a conceptual systematic review as it allows systematic exploration of variations of
a term or idea (Ayala, 2018). According to Schreiber and Cramer (2022), a conceptual sys-
tematic review helps to ‘untangle a tangled term’, which in our case are the different nature-
based interventions in dementia research, constituting several possible tangled terms. We in-
corporated review process elements from Schreiber and Cramer (2022) and Turin et al. (2020)’s
paper on a systematic review protocol for taxonomy development. Reporting conformed to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Moher etal., 2015). There are no human participants in this article and neither informed consent
nor ethical approval was required.

Eligibility criteria

Primary research studies were included if they were published in English between 2008 and
2024, as this was a balanced timeframe for obtaining the most recent and relevant papers for
investigating how authors define current nature-based interventions in dementia studies. Studies
were also included if (i) Participants were 18 years old or over; (ii) At least 50% of participants
had mild cognitive impairment or dementia (any subtype and stage, with or without a formal
diagnosis); (iii) Any structured or standardised nature-based intervention was formally eval-
uated, by reporting (qualitative or quantitative) on the impact of the intervention on participants’
mental (including wellbeing, quality of life) and/or physical health. We included all study
designs (apart from reviews), including randomised controlled trials, cross-sectional studies and
pilot studies.

We excluded studies if they (i) Did not specify if the participants had dementia or mild cognitive
impairment e.g. if authors stated participants were ‘older adults’ or ‘nursing home residents’; (ii)
Only recruited caregivers; (iii) Did not report direct participant data; (iv) Were study protocols,
conference abstracts, reviews (e.g. systematic, scoping, literature); (v) Were not peer-reviewed
journal articles; (vi) Were any other grey literature.
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Data sources and search strategy

We identified eligible studies by searching the following databases: EBSCOhost (specifically
MEDLINE, APA PsychInfo, CINAHL Plus with Full Text), PubMed and Cochrane Library. Google
Scholar was searched and forward and backward citations of full-text articles included was con-
ducted. Searches were last run on 20" February 2024. No further papers were identified in this most
recent search.

Search terms included phrases related to our population, intervention and outcome terms, namely
‘mild cognitive impairment’ or ‘dementia’, ‘nature’ and ‘effect of” or ‘outcome’ (see Supplementary
Table 1 for full list of search terms).

Study selection

Firstly, papers from the database searches were downloaded into systematic review software Rayyan
(Ouzzani et al., 2016). Titles of these papers were screened by the first reviewer using the eligibility
criteria. Then, the abstracts of papers passing the title-screening stage were screened by the first and
second reviewer. A third reviewer resolved any discrepancies. The full-texts of those passing the
abstract-screening stage were screened by the first and second reviewer, with the third reviewer
resolving any further discrepancies. The first reviewer contacted authors by email to request the full-
texts for those we could not obtain. We obtained all the full-text papers apart from two. The first
reviewer carried out forward and backward citations of the final group of full-text articles meeting
our eligibility criteria to identify any other articles. All three reviewers worked independently. See
Figure 1 for the PRISMA diagram.

Data extraction

We extracted the following data from the final set of full-text papers, (i) Citation (Authors and year of
publication); (ii) Nature-based intervention characteristics: type of nature-based intervention in-
vestigated, location of nature-based intervention, length of nature-based intervention, group, 1:1 or
individual; (iii) Whether participants were recruited as a dyad or not; (iv) Primary and secondary
outcome measures; (v) Main finding; (vi) Any descriptions about the intervention; (vii) Any de-
scriptions about framework models or theories used to justify the author’s intervention. Any missing
data has been described as “not stated in paper” in the descriptives table or is simply not listed in the
taxonomy.

Quality assessment

We did not assess the quality of the studies or risk of bias as we were not investigating the ef-
fectiveness of the interventions for our conceptual systematic review.

Data synthesis

We followed a qualitative, thematic coding approach as proposed by Turin et al. (2020) to generate
codes from the descriptions of nature-based interventions extracted from the papers. This enabled us
to create a taxonomy for nature-based interventions in mild cognitive impairment and dementia
research. The first reviewer extracted the descriptions about the nature-based interventions from the
papers and inputted the data into NVivo [Release 1.7 1533 2022]. The first reviewer then read and re-
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Figure |. PRISMA flow diagram.

read the extracted data to gain familiarity with the data, then carried out line-by-line, inductive,
descriptive coding to create codes. Descriptive coding reports on what the data said, rather than
interpreting the data (Linneberg & Korsgaard, 2019), which is relevant for our conceptual systematic
review. The second reviewer ‘spot-coded’ excerpts from the extracted data to check if the coding was
similar. Then the first reviewer carried out more focused coding to create categories, in which themes
were developed. The codes, categories and themes were synthesised into a table which represented
the taxonomy. See Supplementary Figure 1 for thematic analysis process.

Results

A total of 3499 papers were identified from the initial database search, of which 328 were
duplicates. Of these 3171 papers, 2848 were excluded at the title-screening stage and 226 were
excluded at the abstract-screening stage, resulting in 97 papers for full-text screening. Forwards
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and backwards citations of the full-text article reference lists led to an additional 109 full-text
papers screened. From these 206 full-text papers, 154 papers were excluded, resulting in a final 52
articles reporting 51 studies for analysis. See Figure 1 to see PRISMA diagram for reasons for
exclusion. Table 1 shows a breakdown of nature-based interventions and number of articles
investigating them.

Characteristics of included articles

A comprehensive table describing each article is shown in Supplementary Table 3. Most of the
studies were carried out in Western populations, with twenty-two studies being conducted in Europe,
fifteen in North America, twelve in East Asia and three in Australia. The nature-based interventions
were conducted in a mix of inpatient, care, residential and community settings depending on
participants’ needs and resources required for the intervention. Most of the articles investigated
group interventions (twenty-nine articles). One article tested two nature-based interventions,
gardening and nature walk, with the same group of participants (Hendriks et al., 2016). Therefore, 52
articles were included in the review, however the total number of nature-based interventions in-
cluded in Table 1 is 53.

Grouping the nature-based interventions

Figure 2 demonstrates how the nature-based interventions could be grouped according to shared
characteristics and activities. Horticultural therapy is a subtype of gardening as it is a more spe-
cialised form of gardening: horticultural therapy has a therapeutic goal and requires a qualified
horticultural therapist. Similarly, rice-farming care is a subtype of green care farm as it is a more
specialised form of it; it involves solely farming rice, as opposed to farming other plants. Japanese
garden is a subtype of garden visit, as participants still visit the garden, but it is Japanese-themed.
Woodland activity programme, nature walk and forest bathing are grouped as they all involve
walking outside in nature.

Table |. Nature-based interventions tested across the articles and the number of articles investigating them,
in order of descending number of articles.

Nature-based intervention Number of articles

Nature virtual reality (VR technology)
Gardening

Green care farm

Horticultural therapy

Garden visit

Japanese garden

Rice-farming care

Woodland activity programme

Beach simulation room

Forest bathing

Indoor gardening planting table game
Nature walk

Virtual nature experience (physical props)

—_—_—— — = N W W o0 oV O
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Figure 2. Diagram showing groupings of nature-based interventions in the studies reviewed, with smaller
arrows indicating subtype.

Gardening

Simulations of \
nature

Nature virtual
reality (VR
technology)

Garden
visit

Virtual nature
experience
(physical props)

Beach
simulation room

Nature virtual reality (VR technology) and virtual nature experience (physical props) are grouped
as their main mode of action is to immerse the participant in a simulation of nature. Beach simulation
room is a subtype of virtual nature experience (physical props) as both use physical props to create
the simulation, whereas nature virtual reality (VR technology) uses virtual reality technology. Indoor
gardening planting table game is its own entity.

Taxonomy of nature-based interventions from the reviewed articles

The taxonomy developed includes an overall definition of the nature-based intervention, derived
from reviewing each of the articles grouped under a particular nature-based intervention. Then, from
thematically analysing relevant data from the papers, three main domains were generated: other
terms used (by authors to describe the nature-based intervention), characteristics (with subdomains
of development or approach, modes of action, physical features, specific design features for people
living with dementia, structured visits/sessions/programme) and activities (with categories of active
and passive). See Table 2 for the full taxonomy.

Nuances associated with terms used for nature-based interventions

Gardening and horticultural therapy as presented in our taxonomy were two separate, but linked,
entities. They share substantial similarities, the main similarity being that both involve gardening
activities. On the other hand, they also have differences: horticultural therapy has the overall goal of
improving one’s health, whereas in gardening the goal is to grow and nurture plants. Horticultural
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therapy is facilitated by a qualified horticultural therapist who helps people progress towards
therapeutic goals. Gardening is more informal and fundamentally focuses on the gardening work.

Two terms that were used interchangeably by authors of included articles were green care farms
and farm-based day care. From the articles there were no obvious nuances in the characteristics and
activities between the two, which was different to gardening and horticultural therapy as for these
nature-based interventions authors often described their distinctions in their introduction or dis-
cussion. The absence of nuances in articles investigating ‘green care farms’ and ‘farm-based day
care’ suggests that authors were naming the same nature-based intervention different terms.
Therefore, we named any farm-based day care as a green care farm. Future researchers could do
a more targeted comparison between green care farms and farm-based day care.

Discussion

This paper aimed to synthesise and thematically analyse definitions of nature-based interventions for
people living with mild cognitive impairment or dementia, to create an evidence-based taxonomy.
Out of the 52 articles included, 13 nature-based interventions were identified, with nature virtual
reality (VR technology) and gardening being the most popular.

Nature-based interventions as a non-pharmacological dementia care intervention

As shown in Supplementary Table 3, most of the nature-based interventions tested in the articles
resulted in positive outcomes for people living with mild cognitive impairment or dementia. Nature-
based interventions have the potential to be a widely implementable and accessible non-
pharmacological intervention for people living with mild cognitive impairment or dementia, to
maintain or improve their mental and physical health. Our taxonomy can be used by researchers in
the development of evidence-based nature-based interventions to ensure that interventions are
developed using a sound theoretical framework. This is particularly important at a time where there
is an increase in interest into the impact of nature and nature-based interventions on people’s health
(Nejade et al., 2022).

Taxonomies and their role in nature-based interventions and dementia care and research

Taxonomies can increase understanding of health interventions, including nature-based interventions,
by offering a way to name and describe them which people can refer to (Bradley et al., 2007; Godfray
& Knapp, 2004). Furthermore, taxonomies can help to present quite complex evidence-based in-
formation in a more accessible way. From our literature search, this is the first taxonomy presented for
nature-based interventions for people living with mild cognitive impairment or dementia. Previous
papers, such as Cousins et al. (2020) and Mohr et al. (2021), have aimed to categorise other in-
terventions in dementia care, highlighting the variety of interventions within the dementia field. As the
diversity of interventions for people living with mild cognitive impairment or dementia increases,
researchers should seek to synthesise groups of these interventions into taxonomies, and clinicians and
health professionals should utilise these taxonomies in their everyday conversations with people living
with mild cognitive impairment or dementia. This will facilitate increased access to interventions as
clinicians can draw on these taxonomies to better inform people living with mild cognitive impairment
or dementia and caregivers, and information about interventions is more accessible for people living
with mild cognitive impairment or dementia and caregivers.
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Methodological issues and limitations

Thematic analysis was well-suited for the purpose of this conceptual systematic review, though not
every article had data for all the domains and subdomains. For example, in the taxonomy forest
bathing is lacking information for several subdomains. This is likely because only one study was
included for forest bathing, meaning there was not a lot of data for this nature-based intervention
compared to others.

Another reason could be that the subdomains were not always relevant for each intervention. For
example, gardening might not have any passive activities. This occurs in thematic analysis generally,
such as whilst analysing interview data. For example, not every participant will give data for every
interview question. Therefore we do not perceive this missing data as problematic.

In many articles, there was not enough information about the facilitator’s skills, specifically
whether they had the necessary qualifications to be a horticultural therapist. Therefore, we had to
categorise the nature-based interventions into either horticultural therapy or gardening based on
what the authors described it as, even in the absence of detailed descriptions about the facilitator or
intervention. Future studies should aim to state these details.

Another common issue in dementia research is not reporting the proportion of participants with
dementia or mild cognitive impairment. Some of the papers, particularly those based in residential
facilities, simply described the participants as having ‘cognitive decline’. This may represent the
issue in nursing homes generally regarding the under-diagnosis of dementia and inconsistency in
diagnoses across different nursing homes (Aldridge et al., 2023). Future researchers should aim to
report this information.

Varying ‘interventions’ meant that it was sometimes difficult to decide which papers to include.
For example, some studies tested the effect of nursing home residents using the garden, which we
thought was too passive to be an intervention, compared to other initiatives such as a horticultural
therapy programme. We decided to only include studies where there was some form of structure or
standardisation to the intervention. For example, we would include a study if the intervention stated
that it involved the staff encouraging the participants to visit the garden at least once a day, whereas
we would not include a study if the participants could visit the garden whenever they wanted, as we
argue that this is too passive, and should not be considered a nature-based intervention, but perhaps
simply having access to nature.

Another methodological issue was not specifying the primary and secondary outcome measures,
which should be standard practice in intervention research. Also, some papers did not mention
theories or frameworks underpinning their intervention. Future researchers should include rationale
to support their intervention, to ensure it is scientific.

Implications for practice and future research

We propose that it is important for nature-based interventions to have two main components:
structure and standardisation. Nature-based interventions should have some form of structure, which
include number and duration of sessions, intervention length and session schedule/plan. Nature-
based interventions should also be standardised, meaning that it should be delivered to everyone
approximately the same, like in mindfulness-based interventions and exercise interventions.
Therefore, we suggest that more passive forms of nature-based interventions, such as use of gardens
without structure or standardisation, or access to green or blue space, do not constitute a nature-based
intervention.
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There was considerable heterogeneity in structure and standardisation within the same nature-
based intervention across the articles reviewed. Future researchers should define a specific structure
and standardisation for their nature-based intervention, to ensure that all participants are receiving
the same intervention and to increase scientific integrity.

When assessing how the authors described their interventions, it was clear that even for the same
nature-based intervention there were differences in the terms used, characteristics and activities. Due
to these nuances, the taxonomy should be seen as an overall summary of the nature-based inter-
ventions included in this review. Future studies could develop taxonomies for each nature-based
intervention and their subtypes, to give more detail and acknowledgement to the subtleties within the
same nature-based intervention.

Some of the literature did not specify what their intervention entailed nor how it was developed.
For example, some only described their intervention as a ‘non-pharmacological’ or ‘psychosocial’
intervention. We had to exclude these articles due to lack of information. Future authors should
include detailed descriptions of evidence used to develop interventions and explicit details of the
intervention being tested, to delineate if the intervention is nature-based, and to be able for future
researchers to replicate the study.

Importantly, our taxonomy only represents studies that met our eligibility criteria, and the fifty-
two articles do not represent the nature-based intervention field in mild cognitive impairment or
dementia research altogether. However, the taxonomy can be used as a guide for researchers and
healthcare professionals when researching or discussing nature-based interventions to their patients
and caregivers. Strengths of the taxonomy include the definition summarising the nature-based
intervention, which could be useful when discussing nature-based interventions in both a clinical
and research setting. Another strength is the categories, as they are helpful to gain information about
a specific attribute about a nature-based intervention. However, caution should be taken when using
the taxonomy as it might not accurately represent nature-based interventions as a whole. Although
we tried to keep our search strategy open to capture as many studies as possible, we still may have
missed entire nature-based interventions where no studies met our eligibility criteria. Future studies
could identify any nature-based interventions that we missed and add them to our taxonomy and
publish a second version, to create a more comprehensive taxonomy.

Conclusion

The field of nature-based interventions for people living with mild cognitive impairment or dementia
is heterogeneous and complex. By systematically reviewing studies in this area, we developed
a novel taxonomy containing conceptualisations of nature-based interventions in previous mild
cognitive impairment and dementia studies. Our taxonomy can be used by future researchers to
guide the development, evaluation and reporting of robust interventions for people living with mild
cognitive impairment or dementia. Our taxonomy may also be useful in a clinical setting, to help
healthcare professionals describe the different nature-based interventions to people living with mild
cognitive impairment or dementia. Future research could seek to identify and add any nature-based
interventions that may have not met our eligibility criteria at this time, and add detail to the nature-
based interventions already present in our taxonomy.
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