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Abstract

Background: Multifactorial fall prevention trials providing interventions based on individual risk factors have variable success
in aged care facilities. To determine configurations of trial features that reduce falls, intervention component analysis (ICA)
and qualitative comparative analysis (QCA) were undertaken.
Methods: Randomised controlled trials (RCTs) from a Cochrane Collaboration review (Cameron, 2018) with meta-analysis
data, plus trials identified in a systematic search update to December 2021 were included. Meta-analyses were updated. A
theory developed through ICA of English publications of trialist’s perspectives was assessed through QCA and a subgroup
meta-analysis.
Results: Pooled effectiveness of multifactorial interventions indicated a falls rate ratio of 0.85 (95% confidence interval,
CI, 0.65–1.10; I 2 = 85%; 11 trials). All tested interventions targeted both environmental and personal risk factors by
including assessment of environmental hazards, a medical or medication review and exercise intervention. ICA emphasised
the importance of co-design involving facility staff and managers and tailored intervention delivery to resident’s intrinsic
factors for successful outcomes. QCA of facility engagement plus tailored delivery was consistent with greater reduction in
falls, supported by high consistency (0.91) and coverage (0.85). An associated subgroup meta-analysis demonstrated strong
falls reduction without heterogeneity (rate ratio 0.61, 95%CI 0.54–0.69, I 2 = 0%; 7 trials).
Conclusion: Multifactorial falls prevention interventions should engage aged care staff and managers to implement strategies
which include tailored intervention delivery according to each resident’s intrinsic factors. Such approaches are consistently
associated with a successful reduction in falls, as demonstrated by QCA and subgroup meta-analyses. Co-design approaches
may also enhance intervention success.
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Key Points

• Multifactorial interventions for all residents in care facilities can reduce fall rates, but trial findings are inconsistent.
• Effective and ineffective multifactorial programs include an assessment of environmental hazards and personal risk factors.
• Facility engagement and tailored intervention delivery are consistently associated with effective fall prevention programs.

Introduction

Multifactorial falls prevention interventions are commonly
applied and recommended [1, 2]. This approach provides
various intervention features based on individual resident
risk assessment [1, 3]. Whilst the evidence for this approach
to prevention falls in the community is more convincing
[4], it is uncertain whether these interventions reduce the
rate of falls in residential aged care [5]. The meta-analysis
of multifactorial prevention trials demonstrated reduction in
rate of falls by 15% (rate ratio of 0.85), however, the 95%
confidence interval (CI) of 0.65 to 1.10, included the pos-
sibility of increased falls [5]. Additionally, heterogeneity was
high (I 2 = 85%) and not explained by predefined subgroup
analyses for level of care or cognition [5].

Both effective and non-effective trials had the same
features (i.e. medical review, exercise, environmental
modification, and assistive aids) suggesting that the dif-
ference between these trials lies in the nuances of inter-
actions between features and their delivery [6]. Therefore,
approaches such as a network meta-analysis which assumes
that features interact in an additive manner were not suitable
[6, 7]. Where many trial and implementation features
exist but the interaction is unclear, the combination of
intervention component analysis (ICA) and qualitative
comparative analysis (QCA) is ideal [8]. ICA uses inductive
thematic analysis methods to develop a qualitative theory
on the features and interactions that drive effectiveness
from the trialists’ perspectives. QCA can then be used to
systematically determine if the features and interactions
identified are necessary and/or sufficient to trigger the
outcome [9]. Using the ICA derived theory to inform
the QCA avoids data dredging [8, 10, 11]. This approach
is suited to small sets of trials with high heterogeneity
and intervention complexity [6, 9, 12]. ICA and QCA
approaches have been applied to systematic reviews exploring
complex public health interventions [9, 10, 12–14].

This study aims to determine ‘What are the features
of effective multifactorial falls prevention interventions for
residents in aged care facilities?’ by (i) utilising ICA to inform
a theory of which intervention features are associated with a
reduction in falls, (ii) examine the consistency of the theory
with the fall outcomes by utilising QCA and (iii) determine
if features from the theory explain the heterogeneity through
subgroup meta-analysis.

Methods

Study selection

Randomised controlled trials (RCTs) of multifactorial
interventions in residential aged care settings (care facilities

or nursing homes), reporting falls outcomes of rate or
risk of falls or risk of fractures suitable for meta-analysis
from the Cochrane Collaboration review [5] and a search
update of Cochrane Central Register of Controlled Trials
(CENTRAL) from August 2017 to March 2021 MEDLINE
(August 2017 to December 2021), and Embase and
Cumulative Index to Nursing and Allied Health Literature
(CINAHL) Plus from January 2017 to December 2021
were included. All records were screened for inclusion
independently by two authors. The updated search was
imported into Endnote ×9 (Clarivate Analytics, PA,
USA) for duplicate removal prior to Covidence (Veritas
Health Innovation, Melbourne Australia) screening and
data extraction. Interventions classified in the Cochrane
review as ‘multiple’ interventions which provided the same
intervention components to all participants were excluded
[3, 5]. Any discrepancies were resolved by discussion or
involvement of a third author.

Data extraction, risk of bias and subgroup analysis

For new trials, two authors independently extracted data
using the form previously used in the 2018 Cochrane Col-
laboration review [5] and conducted risk of bias based on
the Cochrane Collaboration risk of bias tool using Covi-
dence. Study characteristics and meta-analysis falls data from
any new trial identified was added to the data from trials
previously included [5].

Meta-analyses were conducted using the generic inverse
variance method according to the methods reported using
RevMan Web as described in the Cochrane Collaboration
2018 review [5]. The overall effect was either reported as
rate of falls, risk of falls or risk of fractures [5]. Rate of falls
(i.e. the total number of falls per unit of person time that
falls was monitored during or after the intervention) was
reported as a rate ratio (RaR) and 95% confidence interval
(CI). Risk of falls (i.e. the number of fallers during or after
the intervention) was reported as risk ratio (RR) and 95%CI.
Risk of fracture (i.e. the number of participants sustaining a
fracture during or after the intervention) was reported as risk
ratio (RR) and 95%CI.

Mean age and standard deviation of the total sample was
calculated by a reviewer using an online calculator [15], as
necessary. Findings from ICA/QCA on trial features con-
sistent with effective falls reduction informed a subgroup
meta-analysis on falls data.

Intervention component analysis

Included research papers published in English and associated
trial records were imported into NVivo 12 (QSR Inter-
national Pty Ltd, Release 1.6.1) for inductive line-by-line
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coding [16]. First, intervention features were coded using
intervention descriptions in the methods section of trial
reports. Intervention features relating to the inclusion criteria
(i.e. all residents etc.), intervention components (e.g. assistive
aids, exercise etc.) and features prominent in the field (e.g.
resident education) were all coded. Second, trialists’ perspec-
tives of trial features that prevent falls in aged care were coded
by inductive thematic analysis of their reflections reported in
discussion and conclusions sections.

The primary trial report was first coded, followed by
reading all associated papers (e.g. the protocol, or editorial;
Table 1) to code additional information. Initial coding was
conducted by one author, with a random sample checked by
a second author for agreement. The remaining process fol-
lowed the reflexive thematic analysis methods of Braun and
Clarke [17]. One author grouped similar initial codes and
considered relationships between codes from different stud-
ies to determine key themes expressed by trialists. Grouping
and relationships of codes were checked by a second author
to establish agreement of the themes. Key trialists percep-
tions were designated as themes while more specific views
with fewer supporting codes were designated as subthemes.
Themes and subthemes were discussed amongst all authors
including experts in falls prevention and residential aged care
research to consider logic and commonality of thoughts.

Two authors used standard definitions derived from the
ICA to independently code the trial features. The presence
or absence of some trial features were coded as ‘crisp’ data,
i.e. as a binary with a ‘0’ to denote the absence of a particular
feature or a ‘1’ to denote its presence. Other trial features
were coded as ‘fuzzy’ data, i.e. on a scale to capture differences
in partial presence (e.g. 0, 0.25, 0.75, 1).

Effectiveness of falls outcomes from the trials were also
coded as fuzzy based on the meta-analyses data on a scale
representing the following categories. Statistically effective
(meta-analysis point estimate of effect ≤0.8, 95%CI <1) was
coded as 1, clinically effective (point estimate ≤0.8, regard-
less of 95%CI) was coded as 0.75, no effect (point estimate
>0.8 and < 1.2) was coded as 0.25 and data that indicates
increases falls (point estimates ≥1.2, regardless of 95%CI)
was coded as 0 [5]. Rate of falls data was preferentially used
to risk of falls when multiple falls outcomes were available as
rate data appears more sensitive to change [5, 19].

ICA themes and subthemes based on trialists’ perspec-
tives were prioritised for testing in the QCA. Where the
presence of certain features was not clear from published
records, trialists were contacted for additional information.
An assumption based on the published text was made when
attempts resulted in no response.

Qualitative comparative analysis

The data table of the coded features and effectiveness was
screened to determine the features corresponding to the ICA
findings that were suitable for representing a theory that
could be tested in QCA in R Project (version 4.1.2) [18]. A
feature was not suitable for QCA if (i) it was present amongst

all trials, or (ii) only present in one or two trials. Themes
from the ICA were considered in preference to subthemes
and other features as the theory for QCA testing. A data table
of suitable features was imported for analysis.

Theories were examined for consistency through ‘truth
tables’ which considered the configurations of features
present amongst trials in relation to effectiveness. Truth
tables produced inclusion scores representing the proportion
of trials with a particular combination of features that
was associated with effectiveness. Higher scores closer to 1
indicated that a greater proportion of trials were represented
by the configuration were effective, a score of 1 indicates
that all trials with the configuration were effective. Boolean
minimisation was used to determine if a theory explaining
most, or all, the included trials from the truth table could
be further simplified into essential features. Minimised
solutions were assessed for consistency, and coverage, with
higher coverage scores closer to 1 indicating that the solution
explains more trials.

Following identification of the best theory to explain
most trials, any logical remainders present were examined.
A logical remainder is a configuration of features that are
not present amongst the trials. Assumptions about logical
remainders can be used to simplify the solution further.
When present, logical remainders were incorporated to cre-
ate an intermediate solution, considering the presence of
contradictory simplifying assumptions. The theory was also
tested to examine its association with the negated outcome,
given that in QCA, causality is not assumed to be symmetri-
cal. Detailed description of the specific steps within the QCA
has previously been published [12].

Results

Eleven RCTs from the 2018 Cochrane Collaboration Review
[5] and one new RCT were eligible for inclusion, from
2,893 records screened from the search update (Appendix 1,
Figure S1 and Table S1). Eleven included trials had rate
of falls meta-analysis data [20–30] and one had only risk
of falls data [31]. Trials provided a range of multifactorial
interventions (Table 1). Multifactorial interventions were
either initiated from a baseline risk assessment tool [23–
26, 28–30], multidisciplinary team assessment [21, 22, 31],
nurse practitioner assessment [27] or resident self-selection
[20].

With the addition of one new study, the pooled rate
of falls remained inconclusive (RaR = 0.85, 95%CI 0.65–
1.10; I 2 = 85%; 11 studies; n = 4,781) (Appendix 1, Fig-
ure S2a and S2b). Risk of falls and fracture also remained
inconclusive (Appendix 1, Figures S3a, S3b, S4a and S4b).
Risk of bias remained mostly high for attrition bias but
mostly low for other sources of bias examined (Appendix 1,
Figures S2a, S2b, S3a and S3b). As all studies had high risk of
performance and detection bias, these biases were not drivers
of the inconclusive findings observed.

One RCT included in the 2018 Cochrane Collaboration
Review was excluded from ICA and QCA due to no English
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full text [30]. Studies in ICA and QCA represent 91 trialists
from studies conducted in five countries enrolling 5,215
residents in aged care facilities who were predominately
females aged in their 80s (Table 1). Four trials were coded
as statistically effective, three trials as clinically effective, two
trials as having no effect and two trials as increased falls
(Appendix 1 and Table S2).

Intervention component analysis

Twenty-four published records associated with the 11
included studies were available for thematic analysis
(Table 1). Trialists’ described the residential aged care setting
as a complex environment for research and multifactorial
interventions. The success of the intervention was described
as dependent not only on impacting the risks for falls but
also navigating the influence of the staff and institution on
the resident [20, 24, 40]. From the trialists’ perspectives the
key themes driving trial effectiveness were (i) intervention
co-design and (ii) tailored intervention delivery for resident’s
intrinsic factors (Table 2).

Intervention co-design

The concept of intervention co-design with managers was
mentioned amongst trialists as a method to address imple-
mentation factors perceived to affect trial effectiveness. Co-
design was described as engaging managers to support staff
with necessary training and mutual decision making about
the intervention protocol. Manager engagement in these
areas was perceived as a facilitator of staff uptake and staff
intervention adherence [21, 29].

Specifically, staff who were actively adhering to the inter-
vention were perceived as crucial to implementation in situa-
tions where often facility staff conducted the risk assessment
that initiated components of the multifactorial intervention.
Trialists’ described staff engagement in the intervention, to
be associated with altered attitudes and understanding of falls
as well as upskilling staff [22, 23].

Two trials also described the importance of ensuring
residents were actively participating in the intervention
which was encouraged through education. However, only
one included trial included resident education as an
intervention feature [20]. Whereas in falls prevention trials
in hospitals, patient education on falls was an important
implementation factor [44].

Tailoring intervention delivery to resident’s intrinsic
factors

As multifactorial interventions include a combination of
intervention features, determined by each resident’s risk
factors, trialists’ indicated that they could not determine
which intervention feature was effective alone or in sub-
combinations. Trialists’ perceived enabling staff to tailor
the intervention to individual residents based on intrinsic
personal factors, when conducting the risk factor assessment
was important to ensure the environmental and personal

intrinsic risks targeted, could be modified to improve the
resident’s ability to safely mobilise. Specifically, residents
with cognitive impairments and falls history were perceived
to respond to intervention features differently and have a
different risk profile than those without and therefore impact
intervention effectiveness differently. Overall, a more tailored
and considered approach to residents with a higher risk of
falls is suggested during intervention delivery.

Trialists suggested that an intervention approach appro-
priate for people with cognitive impairment considered (i)
providing a tailored separate intervention for learning-based
intervention components or (ii) considering whether the
modification of the risk factor can be reasonably achieved to a
degree likely to reduce falls from the resident undergoing the
intervention. A tailored separate intervention was described
to potentially include extra supervision, support, and addi-
tional time to allow intervention effects to be observed.
To ensure appropriate risk factor selection, if a risk factor
cannot by appropriately modified, trialist suggest focusing
on interventions associated with alternate more modifiable
risk factors.

Environmental (non-individual) factors that were tar-
geted considered a combination of (i) repairing institutional
hazards based on an occupational therapist’s assessment, (ii)
improving monitoring through the provision of bed and
chair sensors and/or (iii) repairing or providing personal
aids for safe mobility such as walking aids, footwear, vision
correction through assessment and use of hip protectors.
Personal risk factors included medical management through
medication review alone or combined with tailored super-
vised strength and balance exercise, nutrition support strate-
gies, vitamin D supplementation or socialisation considera-
tions. As all trials addressed both environmental and personal
risk factors, including both are key for effective multifactorial
intervention risk assessment.

Theory for QCA

Intervention features from ICA themes (i.e. co-design, tai-
lored intervention delivery), subthemes and other features
were collated for coding (Appendix Table S2). As co-design
was only present in one trial and therefore could not be
tested, facility engagement was coded as the feature repre-
senting the sub-theme with most evidence (Table 2). There-
fore, the main theory-derived features arising from the ICA
as possible driver/s of the variation in effectiveness amongst
trials that could be examined in QCA were facility engage-
ment and tailored intervention delivery (Appendix Table
S3).

Qualitative comparative analysis

The truth table analysis indicated that the presence of both
facility engagement and tailoring intervention delivery was
consistent with effective falls prevention in the included
trials with a high inclusion score (0.92) and consistency
score (0.91; Table 3). The presence of these two features
explained trial effectiveness in all included trials, supported
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Table 3. Qualitative comparative analysis: Truth Table of facility engagement & tailored intervention delivery

C Facility
engagement

Tailoring
intervention delivery

Outcome Number
of
studies

Sufficiency
Inclusion
Score

Proportional
reduction in
inconsistency

Cases Supports
Theory

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 Not engageda Partiallyb Ineffective 1 0.56 0.20 Shaw et al. [31] Yes
2 Not well

attemptedb
Mostlyc Ineffective 2 0.58 0.38 Kerse et al. [23],

Rubenstein et al. [27]
Yes

3 Mostlyc Noa Ineffective 1 0.50 0.20 Whitney et al. [29] Yes
4 Mostly engagedc

or engagedd
Mostlyc or Tailoredd Reduced

falls
7 0.92 0.91 Becker et al. [20],

Dyer et al. [21],
Jensen et al. [22],
Logan et al. [24],
McMurdo et al. [25],
Whitney et al. [29],
Walker et al. [28]

Yes

Abbreviations: C: configuration Coded in QCA as a 0, b 0.25, c 0.75, d 1, Inclusion cut-off = 0.85 Effective case, non-effective case.

by a high coverage score (0.85) and negation did not offer
a better solution (Appendix 1, Table S4), providing sup-
port for the theory tested. Table 3 demonstrates all possible
combinations of the two features explored and no logical
remainders.

Subgroup analysis of theory components

Subgroup meta-analyses indicated that trials that undertook
facility engagement and tailoring intervention delivery
significantly reduced that rate of falls and risk of falling, with
no between trial statistical heterogeneity (rate ratio 0.61,
95%CI 0.54–0.69, 7 trials, I 2 = 0%, Figure 1; risk ratio 0.76,
95%CI 0.66–0.89; 5 trials, I 2 = 0%, Appendix 1, Figure S5).
The absence of one or both features was associated with
residual heterogeneity in the remaining trials (pooled rate
ratio 1.16, 95%CI 0.86–1.56, three trials, I 2 = 63%,
Figure 1; risk ratio 0.97, 95%CI 0.86–1.10; four trials,
I 2 = 13%, Appendix 1, Figure S5). The risk of fracture was
not significantly reduced in either subgroup (Appendix 1,
Figure S6).

Discussion

This study has demonstrated that trials of multifactorial
interventions that consistently lead to a reduction in falls
assessed each resident’s environmental and personal risk
factors to engage facility staff and tailor intervention delivery
to the resident’s intrinsic factors. Whilst other approaches
may also lead to effectiveness, this approach consistently
explains the outcomes for all effective and ineffective trials
included in this systematic review.

This finding of facility engagement, co-design and tai-
lored intervention delivery as important features in mul-
tifactorial interventions in residential aged care to reduce
falls is consistent with other research in the field. A previ-
ous systematic review has recommended that multifactorial
interventions target not only the resident but also facility
staff and organisational policy, acknowledging individual
staff members, staff communication and knowledge and

skills as contributing factors to fall prevention success [45].
Engaged staff, in this industry where there is traditionally a
high staff turnover, are acknowledged to be associated with
patient safety, improved quality of care and job retention
due to satisfaction [46, 47]. The reduction in falls rates
observed with facility engagement may therefore be related
to the positive influence of staff when they have adequate
knowledge, awareness, and intrinsic motivation. The finding
that tailoring the intervention delivery to resident’s intrinsic
factors is an important driver further emphasises the imple-
mentation gap between providing an individual falls risk
assessment on both personal and environmental factors and
ensuring that the delivery of interventions is appropriate
for the resident. A realist evaluation of an included suc-
cessful large multifactorial trial which incorporated facility
engagement and tailored intervention delivery approaches
has suggested that strong engagement with the facility on
the local context and challenges should shape implementa-
tion [24, 48]. Tailoring intervention delivers and involving
stakeholders has also recently been identified as important
strategies for multifactorial interventions in the community
[49]. The strong support for this theory of drivers of suc-
cessful trials through the subgroup meta-analysis and high
consistency scores in the QCA presented here indicates that
multifactorial interventions in residential aged care should be
widely implemented following this approach with ongoing
evaluation using an established translational framework such
as RE-AIM [50].

While environmental risks were extensively assessed in all
included trials, when reported, adherence to environmental
recommendations was low (20 to 45%) [27, 29, 51].
Reported adherence to interventions addressing personal
risk factors was also inconsistent but slightly higher with
variations from low to mostly adherent (21 to 76%) [20, 27,
29, 52]. Therefore, in further implementation and evaluation
of multifactorial interventions in this setting with tailored
intervention delivery, detailed reporting of all intervention
features that are recommended, following risk assessment
and the adherence to each feature could support future
analysis.
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Features of effective multifactorial trials

Figure 1. Presence or absence of facility engagement and tailoring intervention delivery on rate of falls

There are some limitations to the current analysis. One
trial published in Spanish included in the Cochrane review
was excluded from ICA/QCA analysis [30]. In this trial, the
abstract and trial protocol suggests that tailored intervention
delivery was unlikely, but it is unclear whether the facility
was engaged. Therefore, it is likely that this ineffective trial is
also consistent with the ICA/QCA theory proposed. There
was also some subjectivity in the QCA coding of one trial
for facility engagement where two authors could only use the
published records to independently code facility engagement
due to no response from trialist to attempts at requesting
additional information. All coding for trial features requires
some degree of subjectivity, but independent coding by two
authors minimises the potential for bias.

Although existing trials had variable quality, the high
consistency scores from the QCA as well as the lack of
heterogeneity and statistical significance of the pooled effect
size in the subgroup analyses (Figure 1) provides strong
support for the validity of this theory of features driving
multifactorial trial effectiveness. Thus, it is unlikely that the
addition of a small number of new trials, even with differing
outcomes, would lead to rejection of this proposed theory,
although other additional pathways and explanations may
also exist [53].

Conclusion

To reduce rate of falls consistently and successfully, multifac-
torial interventions in residential aged care should engage the
facility in intervention development, implementation, and
staff training for multifactorial risk assessment to promote
staff adherence. It is also necessary to support staff to tailor
the intervention to the residents’ intrinsic factors, such as
cognitive ability. Testing of trials incorporating these fea-
tures with QCA showed consistency with falls prevention
outcomes. A subgroup meta-analysis of trials with these
features demonstrated a significant reduction in falls without
heterogeneity. Multifactorial fall prevention trials in residen-
tial aged care should continue to individually assess risk
factors all residents and offer environment hazard assess-
ment, medical review, assistive aids and exercise intervention.
Implementation of this approach for successful multifacto-
rial falls prevention should be undertaken in aged care facil-
ities widely, with ongoing evaluation utilising appropriate
translational frameworks.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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