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Te home environment is increasingly emphasized as a key factor in home falls among frail older people. In this study, we aimed at
exploring and synthesizing empirical studies that considered the environmental factors of home falls among frail older people. We
performed a systematic review to draw comprehensive conclusions regarding these environmental factors by searching
MEDLINE, CINAHL, Embase, and Cochrane Library, as well as gray literature databases. Intervention and nonintervention
studies that specifcally reported home environmental factors related to falls in community-dwelling frail older people aged
65 years and over were selected. Of the 8374 studies initially retrieved, seven intervention and seven nonintervention studies were
included in the analysis. In seven of the 14 studies, environmental hazards were evaluated using relevant assessment tools.
Interventions were provided for the bathroom/toilet, bedroom, living room, and for slipping and tripping, identifed as frequent
fall locations and situations, respectively, through nonintervention studies.Temost common intervention was to provide advice/
counseling and disseminate information to enhance knowledge after visiting the home and evaluating the home environmental
factors that could afect falls. In the majority of the studies, the intervention was of a multicomponent nature, and in only two
intervention studies was there practical modifcation of the home environment to lower the fall risk. In all the four studies with
statistically signifcant results, the intervention was provided by a multidisciplinary team. Trough this review, we identifed
environmental factors for home falls, helping clinicians and health professionals gain a better understanding of the situation to
prevent recurrence in frail older people who have experienced falls. Te fndings indicate that comprehensive standardized
environmental evaluations should be conducted considering older people’s functional characteristics and needs and that the
intervention process requires the participation of older people with a multidisciplinary team.

1. Introduction

Falls are a leading cause of unintentional injury and death
among older people [1]. As per reports, one-third of
community-dwelling people aged 65 and older experienced
a fall at least once a year [2, 3]; half of them experienced two
or more falls [4]. More than two-thirds of the falls among
older people in South Korea occurred at home, often in the

bedroom and living room, which are daily living spaces [5].
Tese data show community-dwelling older people’s high
vulnerability to falls. As falls are preventable health prob-
lems, it is important to make eforts to reduce falls that can
occur during daily life at home [6]. Identifying risk factors
related to falls and providing appropriate interventions [7]
can help older people in maintaining their health and in-
dependent lifestyle [8].
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Frailty is a condition that impairs physical and cognitive
abilities, increasing the possibility of adverse health outcomes
[9]. Fried et al. [10] identifed the fve characteristics of frail
older adults as unintentional weight loss, weakness, poor en-
durance and energy, slowness, and low physical activity level. A
systematic review revealed the association between frailty and
falls in older people [11]. Falls have a complex etiology of risk
factors, including environmental, situational, biological, be-
havioral, and socioeconomic risk factors [1, 12]. As fall risk
escalates with an increasing number of risk factors [13], frail
older people with impaired physical and cognitive abilities may
have a higher fall risk than those without such impairments.

Frail older people are unable to react rapidly and ef-
fectively when faced with sudden environmental changes,
causing them to lose balance [14, 15]. While nonfrail older
people have a high exposure to outdoor environmental risks,
frail older people are exposed to indoor environmental risks,
which need to be reduced to minimize home falls [16].
Terefore, it is necessary to identify environmental risk
factors among frail older people. Modifcations of the home
and avoiding dangers in the home environment are essential
elements of fall prevention [17] for frail older people.

In some systematic reviews, there have been eforts to
identify the efcacy of the environmental approach for re-
ducing home falls [18, 19]. Clemson et al. [18] confrmed that
home environment intervention is efective in preventing
home falls among older people living in the community.
Gillespie et al. [20] found that home safety interventions reduce
the rate of falls and the risk of falling. Hopewell et al. [21]
concluded thatmultifactorial interventionsmay reduce the rate
of falls compared with usual care or attention control and that
those environmental interventions are one of the commonly
applied or recommended interventions for multifactorial in-
terventions. Chase et al. [19] found that it was important to
designate a population that would particularly beneft from fall
reduction interventions, such as frail older people, and sug-
gested that more studies investigating the efects of home
modifcation on fall prevention were needed. As a result of
reviewing the previous studies, it has been confrmed that
environmental interventions could be meaningfully used to
reduce home falls in community-dwelling frail older people.
However, because the previous systematic reviews did not
reach an integrated conclusion on ways to specifcally improve
and apply interventions, the scope of the review needs to be
expanded. Terefore, in this article, we reviewed studies with
various designs to draw comprehensive conclusions about the
environmental factors related to home falls. At the same time,
we seek to clarify the interpretation and application of the
results by focusing on frail older people, who can greatly beneft
from environmental interventions.

We aimed to explore and synthesize empirical research,
including both intervention and nonintervention studies,
that reported the environmental factors related to home falls
among community-dwelling frail older people. Te fol-
lowing research questions guided the review: (1) what are the
environmental risk factors associated with home falls in
community-dwelling frail older people? and (2) which en-
vironmental factors have been considered in interventions
for home falls?

2. Materials and Methods

Tis systematic reviewwas conducted in accordance with the
preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines [22].

2.1. Data Sources and Search Strategies. Te search, the
strategy for which was reviewed by medical librarians, was
conducted on April 13, 2023, using four electronic databases:
MEDLINE, CINAHL, Embase, and Cochrane Library. We
also searched for gray literature through the Virginia
Henderson International Nursing Library. We developed
a list of key search terms and controlled vocabulary to search
for articles containing all the following concepts: (1) “aged”
AND “frailty,” (2) “risk factors” OR “home environment,”
(3) “accidental falls,” and (4) “community”-without limi-
tations on the study type, language, or date of publication. In
addition, the references listed in each identifed article were
screened and manually searched to obtain more compre-
hensive results. Te search strategies and search results from
each database can be found in Supplementary Material 1.

2.2. Study Selection. Four authors screened titles and ab-
stracts based on the inclusion criteria and independently
double-reviewed the full text of the studies (Figure 1).

2.2.1. Inclusion Criteria. Te inclusion criteria for this
systematic review were as follows: (1) studies in which the
participants were community-dwelling frail older people
aged 65 years and over (the following cases were also con-
sidered studies targeting frail older people: studies in which
participants were termed “frail older people” and a study on
older people with the characteristics of frailty such as Fried
et al.’s [10] criteria even though they were not clearly target
termed frail older people), (2) outcomes related to falls (such
as fall occurrence or number), and (3) studies specifcally
reporting home environmental factors related to falls.

2.2.2. Exclusion Criteria. Te exclusion criteria were as
follows: (1) studies in which the participants were older
people living in hospitals and nursing homes; (2) studies in
which the participants’ age was not clearly reported; (3)
studies in which the participants were older people without
frailty-related variables; (4) outcomes measuring not falls
but fear of falls; (5) studies that did not use a quantitative
(randomized controlled trial [RCT], nonrandomized, ob-
servational [cross-sectional or longitudinal/cohort]) design;
(6) instrument development study or protocol; and (7)
nonreporting of study methods.

2.3.DataExtraction. Te researchers had an acceptable level
of agreement of over 95% regarding the fnal selection of the
studies. Te same four authors extracted data from the
selected studies into an analysis table, and disagreements
were resolved by a separate author. Te data were extracted
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by dividing the studies into interventions and non-
interventions to answer the broad research questions.

2.4. Methodological Quality Appraisal. Te Mixed Methods
Appraisal Tool (MMAT) version 2018 [23] was used for
quality assessment. Te MMAT was developed to evaluate
the methodological quality of studies of various designs,
such as RCTs and nonrandomized studies. Two authors
independently appraised the studies for the methodological
criteria and fve quality criteria of the MMAT, which could
be applied depending on the study design. Quality scores
ranged from 0% if none of the criteria were satisfed to 100%
if all criteria were met [24]. Studies included in this review
fulflled at least 60% of the criteria.Te specifc criteria of the
MMAT and quality assessment of each study are presented
in Supplementary Material 2.

2.5. Synthesis of Results. We used our review questions to
guide data synthesis. To provide a comprehensive overview
of the connections between nonintervention and in-
tervention studies, we mapped environmental risk factors
for community-dwelling older people’s home falls in a table
and examined whether these factors were considered in
interventions for reducing home falls.

In Table 1, by design, studies are classifed as in-
tervention or nonintervention and the characteristics in-
dicating participants’ frailty are described. In addition, as
falls may be related to regional characteristics [31, 39],
country and community settings were described. Table 2
summarizes the environmental risk factors associated with
home falls identifed in nonintervention studies. After

describing the contents of “environmental risk factors,”
these were analyzed secondarily and divided into risk lo-
cation and situation. Te most frequently identifed risk
location (bathroom/toilet, bedroom, and living room) and
risk situations (slipping and tripping) were separated and
organized. Table 3 summarizes the environmental in-
terventions used to reduce home falls. We summarized the
intervention details as presented in each study as well as
whether the interventions had multiple components or only
an environmental perspective. If the intervention considered
specifc locations or situations in the home, this was de-
scribed to integrate it with nonintervention studies later by
organizing the contents. In addition, by summarizing the
methods for evaluating environmental characteristics in all
the included studies, we considered whether the items were
evaluated objectively.

3. Results

3.1. Search Results. Of the 8374 identifed studies, 6868 titles
and 499 abstracts were reviewed for relevance. Of these,
195 full-text studies were reviewed for eligibility and 12
studies met the inclusion criteria. Two additional studies that
met the inclusion criteria were found in the citation search.
Finally, 14 studies were included for synthesis (Figure 1).

3.2. Characteristics of the Included Studies. Table 1 shows the
characteristics of the 14 studies. Seven (50%) were non-
intervention [25–31] and seven (50%) were intervention
studies [32–38]. Te 14 studies were conducted in various
regions (four each in the US, Asia, and Europe), and the
countries where both nonintervention and intervention
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Figure 1: PRISMA fow diagram.
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studies were conducted were the US [26–28, 32] and South
Korea [31, 38]. Among the nonintervention studies, four
were cross-sectional, two were retrospective, and one was
prospective. Among the intervention studies, fve were RCTs
[32, 34–37] and two were non-RCTs. Of the 14 studies, fve
included city-dwelling participants [26, 28, 29, 35, 36], one
included rural-dwelling participants [38], and one included
both city- and rural-dwelling participants [31]. However,
seven studies did not clearly describe the community set-
tings. Trough this analysis, it was confrmed that Fried’s
criteria [25, 26, 29], visiting healthcare survey [31, 38],
a frailty scale [28], and an electronic frailty index [33] were
used to measure frailty. Furthermore, decline in activities of
daily living, need for walking aids or home help service,
impairments in mobility or having an increased risk of
falling, immobility, and chronic disease were recognized as
characteristics of frail participants.

3.3. Environmental Risk Factors Associated with Home Falls.
Environmental risk factors associated with home falls in
community-dwelling frail older people were identifed in
seven nonintervention studies (Table 2). In all the studies,
falls were measured as the rate of falls and/or fall number. In
six studies, falls were measured during one year and in only
one study [27], over fve years. To understand fall-related
environmental factors, in three studies [27, 28, 31], home
hazards were measured using related scales and in four
studies, fall location was measured in the home. Regarding
environmental risk factors, in fve out of seven studies, the
location in the home wheremost falls occurred was reported.
An analysis of nonintervention studies showed that the
location where the risk of home falls was emphasized was the
bathroom/toilet [25, 26, 28–30], bedroom [28–30], and
living room [28–30].

3.4. Environmental Intervention to Reduce Home Falls

3.4.1. General Characteristics of Environmental Intervention.
Environmental interventions to reduce home falls were
identifed in seven intervention studies (Table 3). In all the
studies, falls were measured based on the rate and/or
number. However, it was difcult to synthesize the results
because the form of the outcome presented in each study was
diferent: at least one fall, ≥2 falls [36, 37]; no or one fall, ≥2
falls [35]; or ≥1 fall [32]. Environmental intervention was
provided in all studies; only environmental intervention was
provided in one study [35], while multicomponent in-
terventions were provided in the other six. In three studies
[34–36], interventions were provided by a multidisciplinary
team, and in another three studies, interventions were
provided by single expert groups such as nurses [37, 38] or
physical therapists [32]. Tere were four studies [33–36] in
which the efect of the intervention was statistically signif-
icant and three studies in which it was not. In all the four
studies where the results were signifcant, the intervention
was provided by a multidisciplinary team. Te intervention
period varied from eight weeks to 18months, except for
a retrospective longitudinal controlled nonrandomized

intervention cohort study [33]. Te frequency of in-
tervention was 2.6–16; as the intervention in two studies
[33, 36] was provided irregularly, the frequency could not be
determined. In only one study [38], the time per session, i.e.,
80 minutes, was provided. Te follow-up period was 2 to
18months. In three studies [32, 35, 36], the evaluation was
conducted after 12months and in two studies [34, 37], after
18months. In four studies [32, 36–38], the control group
received care as usual (Table 3).

3.4.2. Contents of the Environmental Intervention. All in-
terventions were provided through home visits. In fve
studies [32, 34, 35, 37, 38], the presence of environmental
hazards that could potentially infuence falls was assessed. In
two studies, modifcation of the home environment to re-
duce the fall risk, such as installing a night light path [36] or
repairing boilers in a cold home [33], was performed. In four
of the fve studies in which environmental risk factors were
evaluated [32, 35, 37, 38], diferent scales were used. In the
remaining study [34], no scales were used; only examples of
home hazards and options to reduce the risk of falling and
consequent injuries were presented. In three of the in-
tervention studies [32, 35, 37], older people were given
advice or counseling on dealing with the risk factors ob-
served after the evaluation, and in two studies [34, 38],
information was provided to enhance knowledge about the
causes and prevention of falls related to the home envi-
ronment (Table 3).

3.4.3. Environmental Risk Factors Considered in the
Intervention. Interventions were provided for the bathroom/
toilet, bedroom, and living room, which, in nonintervention
studies, had been identifed as frequent fall locations. In fve
[32, 33, 35, 37, 38] out of seven studies, interventions were
provided for the bathroom; in three studies, for the toilet
[35, 37, 38]; and in fve studies, for the bedroom [33, 35–38].
When the removal of rugs/carpets was regarded as an in-
tervention for the living room [32], in three studies
[32, 35, 37, 38], interventions were provided for the living
room. Although the diferences in fall location according to
general characteristics such as older people’s gender [29], age
[29], community setting [36], and health status [38] were
identifed in three nonintervention studies, there were no
tailored interventions based on these characteristics.

In fve studies, interventions were provided for slipping
and tripping, identifed as frequent fall situations through
nonintervention studies. Interventions for slipping included
the improvement of smooth foors/surfaces [37, 38], antislip
mats [32, 35, 38], and antislip shoes [34, 38]. Interventions
for tripping included the removal of obstacles in walkways
such as loose carpet/rug/cord [32, 34, 35, 37, 38] and repair
of damaged foors [32, 38] (Table 3).

4. Discussion

Trough this comprehensive systematic review, we provide
a broad overview of the environmental risk factors for home
falls among community-dwelling frail older people. Studies
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were included if theymeasured environmental risk factors or
environmental interventions to reduce home falls. Overall,
despite the emphasis on the risk of home falls among frail
older people, there is a lack of environmental approaches to
identify home hazards and improve home safety.

4.1. Needs for Intervention Depending on Home Environment
Characteristics. In this systematic review, we investigated
the location and identifed situations that constituted the
main mechanism of home falls. In most studies [32, 35–38],
interventions focused on the bathroom/toilet, bedroom, and
living room, where falls occur most frequently, and slipping
and tripping, which are frequent causes of home falls. In
addition, when an intervention including lighting or grab
rails, which indirectly contribute to slipping/tripping, was
considered, all studies provided interventions for situations
in which falls occur frequently. However, although the
previous studies [31, 39] have reported diferences in fall risk
location and situation according to frail older people’s
community setting, participants’ characteristics were not
refected in interventional studies. As the approach to the
home environment should be based on regional and/or
cultural characteristics [31], it is necessary to link the en-
vironmental factors identifed in each country with the
contents of environmental interventions. Te regional and/
or cultural characteristics of home environments should be
considered when assessing the home falls risk and planning
interventions to reduce those risks. For example, through the
analysis of nonintervention studies, bathrooms and/or toi-
lets were identifed as locations where home falls occurred
most frequently [26, 28, 29]. However, in some countries,
there is a cultural diference in that the bathroom and toilet
are not separate, and the risk of falls may increase owing to
slippery foors because toilets are used wet, unlike in other
countries where they are used dry [40]. Chen et al. [39]
suggested that it may be more efective to refect regional
and/or cultural characteristics when planning interventions
to prevent falls in community-dwelling older people.
Terefore, it will be helpful to evaluate the home environ-
ment of frail older people using an environmental assess-
ment tool that refects the cultural environment and
residential characteristics.

In the US and South Korea, both the evaluation of
environmental factors through nonintervention studies and
the provision of environmental interventions through in-
tervention studies were conducted. In Gill et al.’s [32] study
conducted in the US, interventions were provided to assess
and make recommendations regarding participants’ home
environments. Gill et al. [32] included the removal of loose
rugs in the walking path, placement of nonskid mats in the
bathroom, repair of walking stairways, and installation of
adaptive equipment in bathrooms. Tese contents of in-
tervention programs seem to refect the fall risk factors
identifed in nonintervention studies in the US. However, it
is necessary to address the lack of intervention in bedrooms.
In Northridge et al.’s [28] nonintervention study conducted
in the US, it was identifed that frst falls occurred in various
locations (e.g., bedroom, 25%; dining room, 22%; and

kitchen, 8%), whereas later falls were largely confned to the
bedroom and that older people who encountered loose grab
bars had signifcantly increased rates of falls compared with
those who did not. Tese results are consistent with those of
the previous studies investigating the environmental factors
of falls in older people in the US [41, 42]. Moreland et al. [41]
found that the most frequent falls in the home occurred in
bedrooms, bathrooms, and on the stairs. Terefore, pre-
vention of falls in the bedroom should be emphasized. In
Tchalla et al.’s [36] study in France, a night light path was
installed in the participants’ bedrooms to prevent home falls;
signifcant results were obtained. In the future study, it
would be meaningful to confrm the efect of applying such
an intervention to the bedrooms of older people in the US.

In a nonintervention study conducted in South Korea,
Yoo et al. [31] emphasized that the home environmental
safety score of rural-dwelling older people was signifcantly
lower than that of their urban counterparts and that they
experienced more falls. Yoo et al. [31] explained that there
was a diference in the frequency of falls depending on the
foor conditions of the bathroom, kitchen, and living room.
In addition, slipping, tripping over obstacles, and false
stepping were situations that increased the risk of falls
among rural-dwelling older people. Yoo et al.’s [31] fndings
are consistent with those of the previous studies revealing
that slipping was the most common injury mechanism in
home falls among older people (81.9%) [43] and that
compared to urban houses, rural houses often have
thresholds and conventional toilets with slippery foors that
are risk factors for falls [44]. In the South Korean in-
tervention study included in this review [38], home envi-
ronmental safety for rural-dwelling older people was
investigated, with the provision of interventions to advance
knowledge related to the causes of falls and ways to prevent
them in bathrooms, kitchens, living rooms, and bedrooms.
However, no specifc details were presented regarding in-
terventions that were used to control slipping and tripping,
emphasized as fall mechanisms in older people in South
Korea. Even within the same country, it is necessary to
confrm what kind of environmental hazards exist
depending on the community setting; studies should refect
this by providing active interventions, such as removing risk
factors and installing assistive devices such as night lights.

Comparative studies should be conducted on
community-dwelling frail older people in each country or
residential area. Tese studies are expected to help identify
not only home fall risk factors that can be universally applied
regardless of the country, residential area, or housing
structure but also home fall risk factors that need to be
considered specifcally according to the residential area and
housing structure. It will be helpful to include the home fall
risk factors introduced in this review and refect the cultural
environment of each country.

4.2. Multidisciplinary and Multicomponent Approach to
Intervention. In only four studies [33–36] that included
multidisciplinary interventions, statistically signifcant efects
were observed, confrming the importance of providing
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environmental interventions with multidisciplinary teams. As
falls are caused by the complex interaction of biological, be-
havioral, environmental, and socioeconomic risk factors [12],
it is important for experts from various disciplines to consider
all these factors to identify fall risks. In this study, “multi-
component intervention” refers to an approach other than
environmental, such as physical health, physical activity, social
functioning, and cognitive functioning. In six of the seven
intervention studies, there was a multicomponent in-
tervention, and in one study [35], only environmental in-
terventions were used to prevent home falls. Falls are caused by
a combination of individual and environmental factors, and it
is known that managing multiple factors is more efective than
managing one factor [45]. In most intervention studies in this
review, complex interventions were provided. According to
the results of a recent systematic literature review on multi-
factorial interventions for preventing falls among older people,
environmental modifcation is a key component of efective
multifactorial fall prevention interventions [45]. Terefore, if
multidisciplinary experts cooperate to provide a multicom-
ponent intervention that focuses on environmental in-
tervention as a key element, it will help lower home falls
among frail older people. Te results of this review reveal that
few studies have provided environmental interventions for
older people. As the intervention outcomes are diferent in
each study, additional research is needed.

4.3. Need for Participant Engagement and Comprehensive
Assessment. Individualized approaches or participation of
older people were mentioned in only two [32, 34] of the seven
intervention studies. Gill et al. [32] developed detailed al-
gorithms and decision-making rules to assess older people’s
home environments and link the evaluation results with
recommended interventions. Te principles of the in-
tervention program included the following: the assessment
protocol should be useful in identifying the interventions
most relevant for individual participants, and it should be
tailored to the combination of comorbidities, contraindica-
tions, and personal preferences of a diverse group of frail older
people. In addition, after the intervention program, individual
compliance was monitored, questions were answered, and
encouragement was provided. In another study, Luck et al.
[34] provided individualized interventions and recommen-
dations for managing identifed risk factors and allowed
relatives to participate in the counseling process. In addition,
in cases of noncompliance with the recommendations, ob-
stacles and facilitators were assessed, and additional support
was provided. In other intervention studies, there were no
specifc details on how the evaluation results were connected
to the intervention and whether the opinions of older people
or their families were refected in the process of providing the
intervention. In order to adequately refect the situation of
older people and their families and to provide the desired
intervention, investigators studying falls among older people
should use standardized defnitions to train evaluators and
assess environmental hazards. In the process of approaching
risk factors in the home environment, the opinions of older
people and their families should be refected.

A comprehensive standardized assessment tool per-
taining to the participants’ functional and environmental
characteristics and needs could be helpful. Using a stan-
dardized assessment tool is benefcial not only in integrating
the results but also in increasing individuals’ participation by
exposing the fall risk factors to them [46]. Structured as-
sessment tools raise older people’s awareness of fall risk
factors in general [46], and community health workers can
educate older people about their assessment outcomes and
specifc circumstances. Environmental interventions for fall
prevention should consider each individual’s specifc situ-
ation rather than just environmental control. Furthermore,
it is important to provide interventions that can maximize
the interaction between the individual and the environment
by focusing on the modifcation of the environment based
on the functional limitations of each individual [7, 47, 48].

In seven out of the 14 studies (three noninterventions
and four interventions), environmental hazards were
assessed using structured tools [27, 28, 31, 32, 35, 37, 38].
Tese assessment tools were used to evaluate risk factors in
the bathroom [28, 31, 32, 37, 38], living room [28, 31, 37, 38],
kitchen [31, 37, 38], stairs [31, 37, 38], and bedrooms
[28, 37].Te evaluated risk factors included tripping hazards
[28, 31, 32, 37, 38] such as carpets, rugs, and clutter; furniture
[28, 31, 32, 38] such as beds, chairs, and sofas; storage
problems [28, 31, 32, 38] such as the location of storage and
the number of storage spaces; bathroom particulars
[28, 31, 32, 38] such as grab bar, slip mat, and handrails; foor
[31, 32, 37, 38]; shoes [31, 38]; and lighting [32, 37]. A
structured assessment of the home environment is a major
component of fall prevention strategies [49]. If environ-
mental factors are assessed without using standardized as-
sessment tools, the contents of the environmental factors are
so diferent that it is difcult to integrate the results and plan
interventions applicable in practice. Terefore, in future
studies, there should be a focus on the locations and situ-
ations commonly emphasized as risk factors in the previous
studies, and the functional characteristics and needs of the
participants for comprehensive assessment should be
refected.

Furthermore, a living laboratory approach, which creates
a safe environment to prevent home falls that refects the risk
and needs of the participants based on a comprehensive
evaluation, may be helpful. A living laboratory is a physical
or virtual space that solves societal challenges by bringing
together various stakeholders for collaboration and collec-
tive ideation [50]. Trough living laboratories, community
health workers and policymakers can identify older people’s
needs, preferences, and expectations. In addition, older
people can be aware of their quality of life and the change in
perceptions of their own needs and ways of thinking [51].

4.4. Implications for Practice. Te locations in the home
where most falls occurred were the bathroom/toilet, bed-
room, and living room, and the situations were slipping and
tripping. Te most common intervention was to provide
advice or counseling, as well as information to enhance
knowledge after visiting the homes of frail older people and
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evaluating environmental factors that can afect home falls.
Environmental interventions provided by a team of multi-
disciplinary experts and an active intervention to install
lighting in the home were efective. To enhance the efec-
tiveness of intervention programs, when planning an in-
tervention, the home environment should be evaluated
considering the functional characteristics and needs of the
older people, and factors related to the location and situation
wherein most falls occur should be included as major items
to be evaluated. Subsequently, it will be efective to provide
active interventions by a team of multidisciplinary experts
based on the participation of the older people and their
family members.

In addition, although assessment of environmental
factors and provision of advice and related information
through home visits are common, active interventions such
as installing devices in homes have rarely been conducted.
Tis may be owing to the upfront costs of environmental
modifcation interventions [52]. However, according to the
previous studies, home safety assessment and modifcation
interventions may produce considerable health gains and be
cost-efective at the health district level [52]. Targeting en-
vironmental interventions to community-dwelling frail
older people may be even more cost-efective and the best
option to prevent home falls in resource-constrained
situations.

In the analysis, all the studies in which the intervention
efect was statistically signifcant were provided by mul-
tidisciplinary teams. Frailty is an intrinsic risk factor for
home falls, and falls cause additional frailty for older people
who are already frail, so a proactive approach is needed to
prevent a vicious cycle. A comprehensive, multidisciplinary
community health team that can identify environmental
and personal risks can lead to efective exploration and
mitigation plans that reduce the fall risk. For example,
nurses can perform fall risk assessments along with the
evaluation of other physiological factors such as cognition,
concomitant chronic disease status, and adherence to
treatment [53]. Occupational therapists may focus on the
condition of footwear, a cluttered home environment, or
unsafe furniture arrangements [54]. Social workers may
focus on psychological aspects such as problem perception,
family support, or availability of community resources [53].
Pharmacists can evaluate the potential efects of drugs on
falls and interactions that infuence frailty and fall risk
factors.

4.5. Limitations and Future Research. Tis review has some
limitations. Few studies entail environmental interventions
for frail older people, and there is considerable heterogeneity
in the defnition of this population and the environmental
approaches in the literature included in the analysis. In
future research, standardized tools should be used to include
frail older people and evaluate the home environment to
draw integrated conclusions.

In addition, in most intervention studies, environmental
risk factor assessment and environmental modifcation were
only one part of a multicomponent intervention and the

contents of the environmental intervention were only par-
tially presented. Future studies should make more active use
of designs for evaluating multicomponent interventions.
One way to accomplish this would be to divide the evalu-
ation into three groups as follows: provided only as envi-
ronmental intervention, provided only as individual
intervention such as exercise intervention, and provided as
both environmental and individual intervention. If the efect
of each component is checked by dividing it into each group,
it will be possible to provide more complete information on
detailed evaluation and modifcation of groups focusing on
environmental approaches.

5. Conclusion

Te home environment is increasingly being emphasized as
a key factor in home falls among frail older people. In this
systematic review, we identifed the environmental risk
factors associated with home falls in community-dwelling
frail older people and confrmed how such fndings can be
applied to interventions. Trough a review of non-
interventional studies, it was confrmed that the most risky
location for home falls among frail older people living in the
community was the bathroom/toilet and the most risky
situation was slipping/tripping. Tese risk factors were dealt
with relatively well in the intervention studies. However,
because home falls are infuenced by regional factors, such as
cultural background and house characteristics, it is necessary
to assess environmental risk factors for each community
setting and provide interventions that take into account the
residences of older people. In addition, comprehensive
standardized environmental evaluations should be con-
ducted considering the functional characteristics and needs
of the older people, with their participation in the in-
tervention process.

Data Availability

Te data supporting this systematic review are from pre-
viously reported studies and datasets, which have been cited.
Te processed data are available frome the reference section
[24–37].

Additional Points

What is known about this topic? (i) Falls seriously afect the
health of older people. (ii) Frail older people are exposed to
indoor environmental risks, and nonfrail older people are
exposed to outdoor environmental risks. (iii) Environ-
mental interventions can help reduce home falls in com-
munity-dwelling frail older people What this paper adds?
(i) Nonintervention studies showed that the bathroom/
toilet was the location with the highest risk of home falls.
(ii) Intervention studies included locations and situations
that nonintervention studies had identifed as a high fall
risk as environmental factors. (iii) Te most common in-
terventions entailed information provision and environ-
mental risk evaluation, and a few studies included practical
modifcations of the home environment based on
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participants’ situations. (iv) All studies where the in-
tervention efect was statistically signifcant were con-
ducted by multidisciplinary teams.
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[23] Q. N. Hong, S. Fàbregues, G. Bartlett et al., “Te Mixed
Methods Appraisal Tool (MMAT) version 2018 for in-
formation professionals and researchers,” Education for In-
formation, vol. 34, no. 4, pp. 285–291, 2018.

[24] R. Pace, P. Pluye, G. Bartlett et al., “Testing the reliability and
efciency of the pilot Mixed Methods Appraisal Tool
(MMAT) for systematic mixed studies review,” International
Journal of Nursing Studies, vol. 49, no. 1, pp. 47–53, 2012.

[25] V.-A. T. Ha, T. N. Nguyen, T. X. Nguyen et al., “Prevalence
and factors associated with falls among older outpatients,”
International Journal of Environmental Research and Public
Health, vol. 18, no. 8, p. 4041, 2021.

[26] B. F. Henwood, H. Rhoades, J. Lahey, J. Pynoos, D. B. Pitts,
and R. T. Brown, “Examining fall risk among formerly
homeless older adults living in permanent supportive hous-
ing,” Health and Social Care in the Community, vol. 28, no. 3,
pp. 842–849, 2020.

[27] W. C. Mann, D. Hurren, B. Charvat, and M. Tomita, “Dif-
ferences between fallers and non-fallers in the frail elderly,”
Technology and Disability, vol. 5, no. 3-4, pp. 355–369, 1996.

[28] M. E. Northridge, M. C. Nevitt, J. L. Kelsey, and B. Link,
“Home hazards and falls in the elderly: the role of health and
functional status,” American Journal of Public Health, vol. 85,
no. 4, pp. 509–515, 1995.

[29] H. Y. Pi, M. M. Hu, J. Zhang, P. P. Peng, and D. Nie,
“Circumstances of falls and fall-related injuries among frail
elderly under home care in China,” International Journal of
Nursing Science, vol. 2, no. 3, pp. 237–242, 2015.

[30] S. Tuvemo Johnson, E. Anens, A. C. Johansson, and
K. Hellström, “What predicts falls, and what are the cir-
cumstances and consequences of falls in community-dwelling
older adults who need walking aids or home help service,”
Gerontology and Geriatric Medicine, vol. 8, Article ID
233372142210989, 2022.

[31] J. S. Yoo, C. G. Kim, J. Yim, and M. Y. Jeon, “Factors
infuencing falls in the frail elderly individuals in urban and
rural areas,” Aging Clinical and Experimental Research,
vol. 28, no. 4, pp. 687–697, 2016.

[32] T. M. Gill, D. I. Baker, M. Gottschalk, P. N. Peduzzi, H. Allore,
and A. Byers, “A program to prevent functional decline in
physically frail, elderly persons who live at home,” New En-
gland Journal of Medicine, vol. 347, no. 14, pp. 1068–1074,
2002.

[33] J. Hollinghurst, H. Daniels, R. Fry et al., “Do home adaptation
interventions help to reduce emergency fall admissions? A
national longitudinal data-linkage study of 657,536 older
adults living in Wales (UK) between 2010 and 2017,” Age and
Ageing, vol. 51, no. 1, Article ID afab201, 2022.

[34] T. Luck, T. Motzek, M. Luppa et al., “Efectiveness of pre-
ventive home visits in reducing the risk of falls in old age:
a randomized controlled trial,”Clinical Interventions in Aging,
vol. 8, pp. 697–702, 2013.

[35] T. Nikolaus and M. Bach, “Preventing falls in community-
dwelling frail older people using a home intervention team
(HIT): results from the randomized Falls-HIT trial,” Journal of
the American Geriatrics Society, vol. 51, no. 3, pp. 300–305,
2003.

[36] A. E. Tchalla, F. Lachal, N. Cardinaud et al., “Preventing and
managing indoor falls with home-based technologies in mild
and moderate Alzheimer’s disease patients: pilot study in
a community dwelling,” Dementia and Geriatric Cognitive
Disorders, vol. 36, no. 3-4, pp. 251–261, 2013.

[37] J. C. van Haastregt, J. P. Diederiks, E. van Rossum,
L. P. de Witte, P. M. Voorhoeve, and H. F. Crebolder, “Efects
of a programme of multifactorial home visits on falls and
mobility impairments in elderly people at risk: randomised
controlled trial,” BMJ, vol. 321, no. 7267, pp. 994–998, 2000.

[38] J.-S. Yoo, M. Y. Jeon, and C.-G. Kim, “Efects of a fall pre-
vention program on falls in frail elders living at home in rural
communities,” Journal of Korean Academy of Nursing, vol. 43,
no. 5, pp. 613–625, 2013.

[39] X. Chen, Z. Lin, R. Gao, Y. Yang, and L. Li, “Prevalence and
associated factors of falls among older adults between urban
and rural areas of Shantou City, China,” International Journal
of Environmental Research and Public Health, vol. 18, no. 13,
p. 7050, 2021.

[40] H. J. Yang and S. A. Kim, “A study on the analysis of the
technology and fexible availability of the same foor drainage
toilet system for long-life housings,” Journal of the Korean
Housing Association, vol. 28, no. 4, pp. 1–9, 2017.

[41] B. L. Moreland, R. Kakara, Y. K. Haddad, I. Shakya, and
G. Bergen, “A descriptive analysis of location of older adult
falls that resulted in emergency department visits in the
United States, 2015,” American Journal of Lifestyle Medicine,
vol. 15, no. 6, pp. 590–597, 2021.

[42] T. Rosen, K. A. Mack, and R. K. Noonan, “Slipping and
tripping: fall injuries in adults associated with rugs and
carpets,” Journal of Injury and Violence Research, vol. 5, no. 1,
pp. 61–65, 2013.

[43] W. I. Na, J. O. Park, G. C. Cho, E. J. Lee, S.-J. Wang, and
H. A. Park, “Risk factors for intracranial injury caused by falls
at home in Korea using data from the emergency department-
based injury in-depth surveillance (2011–2018),” Journal of
Korean Medical Science, vol. 36, no. 7, p. e53, 2021.

[44] I. Jang and D. Kim, “Home safety assessment for fall pre-
vention in elderly people in a rural community,” Journal of
Korean Gerontological Nursing, vol. 4, no. 2, pp. 176–186,
2002.

[45] S. H. Lee and S. Yu, “Efectiveness of multifactorial in-
terventions in preventing falls among older adults in the
community: a systematic review and meta-analysis,” In-
ternational Journal of Nursing Studies, vol. 106, Article ID
103564, 2020.

[46] M. R. Tomita, S. Saharan, S. Rajendran, S. M. Nochajski, and
J. A. Schweitzer, “Psychometrics of the Home Safety Self-
Assessment Tool (HSSAT) to prevent falls in community-

16 Health & Social Care in the Community



dwelling older adults,” American Journal of Occupational
Terapy, vol. 68, no. 6, pp. 711–718, 2014.

[47] K. W. Choi and I.-S. Lee, “Fall risk in low-income elderly
people in one urban area,” Journal of Korean Academy of
Nursing, vol. 40, no. 4, pp. 589–598, 2010.

[48] S. Kim, A. R. Doo, S. N. Kim et al., “Acupuncture suppresses
kainic acid-induced neuronal death and infammatory events
in mouse hippocampus,”Te Journal of Physiological Sciences:
JPS, vol. 62, no. 5, pp. 377–383, 2012.

[49] K. R. Josephson, D. A. Fabacher, and L. Z. Rubenstein, “Home
safety and fall prevention,” Clinics in Geriatric Medicine,
vol. 7, no. 4, pp. 707–732, 1991.

[50] M. Hossain, S. Leminen, and M. Westerlund, “A systematic
review of living lab literature,” Journal of Cleaner Production,
vol. 213, pp. 976–988, 2019.

[51] M. E. Edwards-Schachter, C. E. Matti, and E. Alcántara,
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