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Abstract 

Background  Exercise interventions are highly effective at preventing falls in older people living in the community. In 
residential aged care facilities (RACFs), however, the evidence for effectiveness is highly variable, warranting explora-
tion of drivers of successful trials. This study aims to identify the conditions of randomised controlled trials (RCTs) 
that are associated with reducing falls in RACFs and test whether it can explain the variability.

Methods  RCTs testing exercise interventions in RACFs compared to usual care, reporting rate or risk of falls 
from the 2018 Cochrane Collaboration review and a search update to December 2022 were included. Two authors 
independently extracted and coded trial conditions and outcomes according to a theory developed from prior 
Intervention Component Analysis. Trial outcomes were coded as successful or unsuccessful based on point estimates 
for the rate or risk ratio for falls, or p value. Qualitative Comparative Analysis (QCA), utilising Boolean minimisation the-
ory, was conducted to determine the key conditions driving trial success. A subgroup meta-analysis and the GRADE 
approach was applied to the final theory.

Results  Eighteen trials undertaken in 11 countries with 2,287 residents were included. Participants were pre-
dominately ambulant females aged 70 to 80 with cognitive impairment. Most interventions were fully supervised 
or supervised at the start of the intervention. QCA identified two configurations as drivers of successful exercise falls 
prevention programs: (i) group exercise that is moderate or low intensity, or (ii) for independent ambulatory residents, 
exercise for more than 1 h per week. The combination of configuration (i) and (ii) had consistency and total coverage 
scores of 1, indicating all trials were explained. This combination was associated with a reduction in falls (rate ratio 
0.45, 95%CI 0.34 to 0.59; risk ratio 0.66, 95%CI 0.53 to 0.82; low certainty evidence).

Conclusion  To successfully reduce falls in RACFs, exercise programs should provide continuous supervised 
moderate-intensity group exercise. For programs that mostly include independent ambulatory residents, exercise 
for at least 80 min per week should be provided. As many current residents are frail, tailored exercise is likely necessary 
and an individualised dose may be required. Future trials should test exercise interventions for less mobile residents.
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Introduction
Exercise interventions can facilitate safe mobility by 
enhancing muscle strength and balance and the ability to 
avoid falls [1, 2]. Thus, exercise is a featured and recog-
nised intervention approach in falls prevention guidelines 
[3, 4]. In the community, there is high certainty evidence 
that balance and functional exercise interventions for 
falls prevention can lead to a 24% reduction in the rate 
of falls amongst older adults [2]. However, in residential 
aged care facilities (RACFs), the evidence is highly vari-
able, leading to a conclusion that the effect of exercise on 
the rate of falls was not certain in the most recent 2018 
Cochrane Collaboration review [5].

RACFs are a complex environment in which to pro-
vide exercise interventions. Exercise professionals are 
required to integrate with the organisation through var-
ied funding schemes and work with a high turnover of 
nursing staff [6, 7]. Residents are a vulnerable group of 
older adults with a high falls risk due to falls history, cog-
nitive impairment, frailty, and malnutrition [8, 9]. Despite 
these environmental complexities, a recent reanalysis and 
update of exercise intervention trials in RACFs demon-
strated a beneficial effect on falls prevention [10]. There 
was moderate certainty evidence that exercise interven-
tions in RACFs reduce falls at the end of the exercise 
program, however there was no lasting effect on falls 
reduction observed after the exercise program had ended 
(high certainty evidence) [10]. Continuing exercise pro-
grams in RACFs is therefore required to prevent falls 
amongst residents [10]. However, the considerable heter-
ogeneity observed between trials (I2 = 85%), where some 
trials clearly reduced falls and others increased falls, war-
rants further exploration to understand the differences 
between successful and unsuccessful exercise interven-
tions for falls prevention [11].

A recent Intervention Component Analysis (ICA) iden-
tified a theory of possible drivers of successful falls pre-
vention exercise interventions from the perspective of 
the trialists [12, 13]. The theory stated that the provision 
of the ‘right’ exercise with ‘sufficient resourcing’ may be 
required for a falls prevention exercise intervention to 
reduce falls in RACFs [14]. Examining this ICA theory 
further through Qualitative Comparative Analysis (QCA) 
can test and refine the theory to determine the best com-
bination of trial conditions that explains the success and 
failure of the existing trials to prevent falls [14].

QCA has been recently applied in systematic reviews 
because of its suitability for examining intervention 
complexity [15–17]. Based on an assumption that com-
plex interventions differ in multifarious ways and that 
outcomes result from the interplay of an intervention 
with its implementation and context, QCA combines 
processes and principles of qualitative inquiry with 

quantitative analytical methods [14]. This approach 
identifies critical conditions related to the interven-
tion and/or contextual elements [14]. The underlying 
logic of QCA, derived from set theory, involves explor-
ing how sets of trials with similar characteristics over-
lap with sets of trials defined as having a successful or 
unsuccessful outcome. As a result, this approach can 
identify conditions associated with successful trials 
with complex interventions.

This study had two aims. The first aim was to use QCA 
to test the components identified from ICA as an initial 
theory (i.e., combination of right exercise and sufficient 
resourcing) [13] to examine if this theory explains the 
success and failure of all included trials at preventing 
falls in RACFs and to refine the theory as required. The 
second aim was to determine if the combination of exer-
cise trial conditions identified in QCA could explain the 
heterogeneity within the meta-analyses of rate or risk of 
falls from trials examining exercise for falls prevention in 
RACFs [5, 10].

Methods
This study is a QCA, a synthesis method of qualitative 
information in systematic reviews [18]. This QCA follows 
on from an ICA [13] which identified a theory and theory 
components which can be tested in QCA to determine 
the critical conditions important for trials to be success-
ful [14]. This QCA also specifically follows on from the 
trial endpoint meta-analysis of exercise interventions 
associated with an update of the 2018 Cochrane Collabo-
ration meta-analysis where the end of intervention meta-
analysis demonstrated an overall reduction in falls, but 
considerable heterogeneity amongst trials remained [10].

Search strategy and selection process
Trials included in the 2018 Cochrane Collaboration 
review [3] plus records from an additional search update 
of CENTRAL, MEDLINE, Embase and CINAHL Plus 
databases from 2017 to December 2022 were screened 
to identify eligible trials [5], consistent with the ICA 
and endpoint meta-analysis [10, 13]. Trial records and 
conference abstracts were not systematically searched 
or included. Records retrieved from the updated search 
were imported into Endnote × 9 (Clarivate Analytics, PA, 
USA) for duplicate removal. The remaining records were 
imported into Covidence (Veritas Health Innovation, 
Melbourne Australia) for independent screening by two 
authors. Any discrepancies were discussed with a third 
author as necessary. Based on the recent trial endpoint 
meta-analysis, only trials with end of intervention data 
were included [10].
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Inclusion criteria
Randomised control trials (RCTs) that tested exercise 
interventions compared to usual care in RACFs, reported 
data suitable for calculating the ratio of the rate or risk 
of falls at the end of the intervention, or reporting falls 
data with a p-value when effect estimates and confidence 
intervals were not available, were included.

Top up search
A top up search from December 2022 to May 2024 was 
conducted consistent with the search strategy described 
above, restricted to RACFs (Appendix  1). Two review-
ers independently screened the records to identify any 
additional trials published subsequent to those included 
in the QCA. Eligible studies from this search, their char-
acteristics, outcomes, and alignment with the final QCA 
theory were discussed. Updating the QCA analysis was 
not undertaken as the findings of an analysis of this 
type are considered at a low risk of being outdated after 
12 months [19]. Instead, any additional published studies 
are likely to either provide further support for the final 
theory or add nuances to the original findings, rather 
than alter the final conclusion [19].

Data extraction and risk of bias
Two authors independently extracted study characteris-
tics (i.e. number randomised, mean age, percent female, 
intervention and control description) and end of inter-
vention falls outcomes data (i.e., rate ratio or risk ratio or 
data enabling calculation of these outcomes) from new 
trials identified from the search update using a proforma 
or in Covidence [5]. A study characteristics table was 
generated.

To form a Data Table for QCA; intervention, imple-
mentation, participant and trial design characteristics 
identified by the ICA were extracted [13]. The ICA the-
ory indicated that ‘right exercise’ comprising a targeted 
balance and strength program tailored to the individual, 
along with the delivery of moderate-intensity exercise 
and sufficient resources to deliver structured and super-
vised exercise at an adequate dose, was important for falls 
prevention exercise programs to be successful in RACFs 
[13]. Thus, intervention characteristics of progressive 
standing strength and balance, tailored, moderate inten-
sity, right exercise and implementation characteristics of 
sufficient resourcing, group exercise, falls education, and 
supporting exercise engagement were extracted for the 
Data Table using information from all published records 
associated with included trials (consistent with Dawson 
and colleagues supplementary materials [13]), based on 
the methods of Sutcliffe and colleagues [14]. The main 
themes of the theory were right exercise and supporting 

exercise engagement, with subthemes of balance and 
strength, tailored, moderate intensity, sufficient resourc-
ing, group exercise and falls education [13]. As described 
in the ICA, low-intensity exercise refers to gentle physical 
activity where the heart rate and breathing are low and 
moderate intensity exercise was defined as exercise that 
elevates heart rate and breathing moderately, as judged 
by physiotherapist authors based on the Borg scale of 
perceived exertion [13, 20]. Based on trialists’ views, con-
ditions including tailored, plus participant characteris-
tics of cognitive impairment and mobility were added to 
the Data Table [13]. Trial design characteristics of study 
quality and small sample size were also extracted [13]. 
Study quality was based on the Physiotherapy Evidence 
Database (PEDro) scale [13, 21].

For trial outcomes, ratios for the rate and risk of falls 
between trial arms, at the end of the intervention period 
were extracted from Dyer and colleagues [10] and the 
2018 Cochrane Collaboration review [5]. Ratios for rate 
of falls (i.e., the total number of falls per unit of person 
time that falls were monitored during the intervention) 
was used in preference to risk of falls (i.e., the number of 
fallers during the intervention), when reported, as this 
outcome appears more sensitive to change [2, 5].

Qualitative comparative analysis
Data table
Trial conditions identified for data extraction were coded 
independently by two physiotherapist authors as inter-
vention conditions absent (0), present (1), or by degree 
of presence (numbers from 0 to 1 excluding 0.5). Suc-
cessful trials were coded as 1 for statistically or clini-
cally significant at reducing falls (point estimate ≤ 0.8 
or p < 0.05 where point estimates were not available). 
Unsuccessful trials were coded as 0 for no effect on falls 
(point estimate > 0.8 to < 1.2) or increased falls (point esti-
mate ≥ 1.2). Any discrepancies between coding of condi-
tions were resolved by discussion between two authors, 
involving a third author as necessary.

Analysis
QCA was conducted in R Project (version 4.3.1, 2023–
06-16, 64bit) using the graphical user interface (GUI) 
[22]. The Data Table of coded intervention conditions 
(analogous to factors or variables) and outcomes was 
imported into the GUI. The intervention components 
of the theory from ICA were included in a Truth Table 
to determine the degree of inclusion of each component 
in impacting trial outcomes. In a Truth Table, each row 
represents a single or multiple studies with the same 
configuration of characteristics [22]. The results of the 
first Truth Table determined if a modified theory should 
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be tested in a refined Truth Table or if the initial theory 
should progress to the next step of QCA.

The ICA theorised that (a) “right exercise” by targeting 
balance and strength, tailored to the individual and deliv-
ered simply at a moderate intensity and (b) “sufficient 
resourcing” to deliver structured and supervised exercise 
at an adequate dose were both important in driving trial 
success from the perspective of trialists. These two con-
ditions were first tested in a Truth Table accordingly [13]. 
Subsequent ‘theories’ were developed for exploration that 
represented adaptations to the original theory.

For each theory, in line with QCA guidance [17, 18, 22, 
23], the following QCA steps were conducted, summa-
rised in Fig. 1:

1)	 Truth Table analysis. The conditions of the theory 
(i.e., right exercise and sufficient resourcing) were 
tested in this analysis to determine if they differenti-
ated successful trials from unsuccessful trials.

QCA is based on set theory which seeks to determine 
whether conditions are either necessary (i.e. the intended 

Fig. 1  Qualitative comparative analysis process



Page 5 of 20Suen et al. BMC Geriatrics          (2024) 24:728 	

outcome will only occur in the presence of those condi-
tions) or sufficient (i.e. the conditions are enough to gen-
erate the intended outcome, but alternative conditions 
might also generate the outcome). Our analysis sought to 
identify a relationship of sufficiency.

The Truth Tables include two scores (i.e., inclusion 
score and consistency score) that illustrate the strength of 
the relationship between the configuration and a success-
ful outcome by demonstrating how many successful and 
unsuccessful trials were explained by the Boolean groups 
(i.e., configurations) of the conditions in the theory.

The inclusion score, or sufficiency inclusion score, 
indicates the proportion of trials represented by the con-
figuration and the extent to which the combination of 
conditions can be considered sufficient to trigger falls 
prevention. Sufficiency in this case indicates the extent 
to which we can consider a set of trials with a particular 
set of characteristics as also being a subset of the set of 
successful trials. A score of zero indicates that no trials 
with that configuration of conditions were in the set of 
trials successful at preventing falls. A score of 1 indicates 
that all trials with that configuration of conditions suc-
cessfully prevented falls, suggesting that this condition 
or configuration of conditions is ‘sufficient’ for success 
[24]. Scores between zero and 1 indicate various degrees 
of consistency, where a score of 0.5 represents maximum 
ambiguity as to whether a sufficient relationship exists.

Proportion Reduction in Inconsistency (PRI) scores are 
an additional measure used to assess the strength of the 
relationship between the configuration and outcome, but 
also incorporate the extent to which configurations trig-
gering falls prevention are not simultaneously triggering 
the opposite outcome (where a score of 1 or close to 1 
indicates a sufficient relationship).

If the configurations of conditions tested in the Truth 
Table analysis were not able to explain the success or fail-
ure of most or all included trials, the inclusion and con-
sistency scores were used to identify which conditions 
provided a better explanation for the trial outcomes (i.e. 
scores closer to 1) to retain for further Truth Table analy-
ses. Successful trials not explained by the configuration 
of conditions tested are also identified. Additional condi-
tions related to unexplained successful trials were identi-
fied from the Data Table and considered for examination 
in further Truth Table analyses.

2)	 Minimisation: If the configurations had inclusion 
and consistency scores which explained the success 
or failure of most or all included trials (i.e. scores 
close to 1), Boolean minimisation was conducted to 
identify the simplest combination of trial conditions 
related to a successful outcome. Coverage scores 
indicated the proportion of cases (i.e., trials) associ-

ated with the configuration where unique coverage 
scores indicated the proportion of cases that were 
only associated with the configuration. An overall 
coverage score of 1 indicates that all trials in the set 
were explained.

3)	 Rigour tests: To further simplify the minimised solu-
tion, logical remainders (configurations which are 
not represented in the existing trials) were then 
incorporated into the solution (analogous to imputa-
tion in statistical analysis).
3a	 Logical remainders: First, the parsimonious solu-

tion was tested in which logical remainders were 
incorporated into the minimisation of the solu-
tion; this solution prioritised the simplicity of 
the expression over theoretical knowledge, with 
the software identifying the expected outcomes 
regardless of whether these were supported by 
the theory.

3b	 Intermediate solution: Next, an intermediate 
solution was developed which incorporated logi-
cal remainders based on the reviewers’ assump-
tions of the directional expectations of the con-
ditions in the set. The directional expectation 
was based on results from the Truth Tables and 
practical and theoretical knowledge. Additional 
checks were undertaken to determine the extent 
to which the treatment of logical remainders then 
represented contradictory simplifying assump-
tions following the practice of Dusa [22].

4)	 Negated solution: If the theory withstood any logical 
remainder and contradictory simplifying assumption 
tests, the inverse theory was then analysed by the 
negated outcome to check if the opposite theory was 
a better theory (i.e. had higher inclusion and consist-
ency scores). If the PRI score is zero, in a negated 
solution, it indicates that the conditions identified are 
sufficient or enough to be associated with falls pre-
vention.

5)	 Final theory: Finally, the identified theory was inter-
preted in the context of the case and theoretical 
knowledge to further determine its plausibility.

Subgroup meta‑analysis
The final QCA theory of configurations of critical condi-
tions identified by QCA were tested in subgroup meta-
analyses, to see if these drivers of outcomes explained the 
considerable heterogeneity observed in the meta-analysis 
of exercise trials in RACFs with falls measured at the 
end of the intervention period by Dyer and colleagues 
[10]. This provided estimates of the effectiveness of trials 
according to their alignment with the QCA theory. This 
method of using QCA to develop a theoretically driven 
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subgroup analysis has been previously applied by Harris 
and colleagues [15] and Suen and colleagues, who applied 
the final QCA theory as a subgroup meta-analyses [25]. 
Subgroup meta-analyses were conducted using the 
generic inverse variance method using RevMan Web as 
described in the 2018 Cochrane Collaboration review [5]. 
Analyses were conducted for both rate of falls and risk 
of falling. Rate of falling was reported as a rate ratio and 
95% confidence interval (CI). Risk of falling was reported 
as risk ratio and 95% CI.

Certainty of the evidence
Two reviewers independently assessed the certainty 
of the evidence from the subgroup meta-analysis find-
ings based on the GRADE approach, considering risk of 
bias, inconsistency, indirectness, imprecision, and other 
biases. The Cochrane risk of bias criteria previously 
reported [10], was used to consider risk of bias of the 
included studies for the GRADE approach [26].

Results
Eighteen trials met the inclusion criteria for the QCA 
(Fig.  2). Examples of key studies excluded at full text 
review are given in Appendix  1a. Rate ratio outcomes 
data was used for fifteen trials and risk ratio was used 
for three trials to code outcomes (Table  1). The find-
ings represent trials conducted in 11 countries enrolling 
2,287 participants living in RACFs (Table  1). Partici-
pants were predominately ambulant females in their 70 s 
or 80 s with a degree of cognitive impairment who were 
mostly provided fully or initially supervised exercise pro-
grams (Table 1; Appendix 2 Table S1). Most trials (13 of 

18) had scores that demonstrated ‘good’ quality based on 
the PEDro scale, whilst the remaining were ‘fair’ quality 
(Appendix 2, Table S1) [21].

The included trials varied in terms of their characteris-
tics, including the level of cognitive impairment of partic-
ipants, degree of participant mobility, type and duration 
of exercise programs and study quality (Appendix  2, 
Table S1 and S2). This variation provides trial character-
istic data suited to analysis with QCA [45, 46]. Specifi-
cally, five trials included only residents with no cognitive 
impairment while three trials included only residents 
with cognitive impairment; the remainder included a 
mix (Appendix 2, Table S1). The ability of participants to 
mobilise also varied with 11 trials mainly recruiting com-
pletely independent residents, 3 trials enrolling a major-
ity of residents requiring walking aids to mobilise and 4 
trials where the majority of residents required significant 
assistance to mobilise (Appendix  2, Table  S1). Exercise 
interventions were provided for 3, 4, 6, 12 or 15 months 
in comparison to other non-exercise activities or usual 
care, amongst predominately groups of less than 50 par-
ticipants in the control and intervention arms (Table 1). 
Two trials provided resident education on falls preven-
tion in addition to exercise (Appendix 2, Table S1).

Qualitative comparative analysis
Figure  3 provides a summary of the key conditions 
explored in each step of the QCA analysis.

Investigation of original theory from ICA
Providing the “right exercise” plus “sufficient resourcing” 
explained outcomes in 12 of 18 included trials (successful 

Fig. 2  PRISMA flow diagram of systematic study selection [27]
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cases in configuration 1 and unsuccessful cases in con-
figuration 4) (Table  2). This theory was not consistent 
with all trial outcomes as one trial which had both right 
exercise and sufficient resourcing was unsuccessful [42]; 
two trials with right exercise alone were successful [31, 
41], one trial with sufficient resourcing alone was suc-
cessful [43] and two trials with neither right exercise nor 
resourcing were successful [32, 44] (Table 2). As the pres-
ence or absence of right exercise alone was consistent 
with the outcomes in 14 of 18 of the included studies, the 
components of right exercise were further explored.

Adaption 1 – Exploration of conditions of right exercise 
and sufficient resourcing
The components of the “right exercise” theory for reduc-
ing falls amongst residents in RACFs were: (i) progressive 
standing strength and dynamic balance exercise, which is 
(ii) tailored to the individual resident and (iii) conducted 
at moderate intensity [13]. The Truth Table examining 
these three conditions against trial outcomes was con-
structed (Appendix 3, Table S1). The presence of all three 
conditions explained falls reduction at the end of inter-
vention period in 8 of 18 included trials (configuration 1) 
and the absence of all 3 components led to an unsuccess-
ful outcome in 6 trials (configurations 3, 5 and 6) but did 
not explain the remaining 4 successful trials [32, 41, 43, 
44] (in configurations 2, 3 and 4, Appendix 3, Table S1). 
Also, as progressive standing strength and dynamic bal-
ance exercise were present in both configurations that 
supported and did not support the theory, this condition 
did not appear to be a critical factor for trial outcomes.

Minimisation suggested that the combination of tai-
lored exercise at moderate intensity was associated with 
falls reduction in 15 of 18 trials, with inclusion score of 
1.000, proportional reduction inconsistency score 1.000 
and coverage score of 0.750 (Appendix 3, Table S2).

Further examining this condition of the ICA theory, 
the dose of 30  h was derived from a trial testing 30  h 
over 25  weeks, i.e. a weekly dose of 1.2  h per week, 
which was tested in QCA as presence of more than 1 h 
per week [1]. The definition for ‘sufficient resourcing’ 
was then explored to identify condition/s that could be 
combined with moderate intensity and tailored.

A Truth Table of moderate intensity, tailored, and 
dose (more than 1 h per week) explained 17 out of 18 
trials (Appendix 3, Table S3). Yokoi and colleagues trial 
was the only trial which did not provide tailored, mod-
erate intensity exercise at this dose which was success-
ful at reducing falls [44]. Conditions of this trial in the 
Data Table (Appendix 2, Table S1 & S2) were then con-
sidered for possible explanatory conditions explaining 
the trial’s outcomes.

Adaption 2: Conditions from the data table related 
to the unexplained trial with the theory from adaption 1
Enrolling only independent ambulatory participants, 
conducting exercise in a group, or conducting exercise 
at low intensity were conditions that appeared relevant 
for further investigation. Therefore, a Truth Table of only 
independent ambulatory participants, tailored and mod-
erate/low intensity were considered together, providing 
an explanation for all 18 trials (Appendix  2, Table  S4). 

Table 2  Truth table of right exercise & sufficient resourcing

In QCA as a 0, b 1

Inclusion cut-off = 0.80 for fuzzy scoring

Right exercise was calculated by the addition of codes for Progressive standing strength and dynamic balance, Tailored exercise and Moderate intensity divided by 3

Successful case, unsuccessful case

Configuration Right exercise Sufficient 
Resourcing

Outcome 
(Reduced 
Falls)

No. trials Sufficiency Cases Supports theory

Inclusion 
Score 
(incl)

Consistency 
Score (PRI)

1 Yesb Yesb Yes 8 0.908 0.908 Arrieta [28], Brett [29], 
Dhargave [33], Hewitt [1], 
Irez [34], Jahanpeyma [35], 
Kovacs [36], Toots [42]

Unclear

2 No Yes No 1 0.786 0.786 Varela [43] No

3 Yesb Noa No 2 0.667 0.667 Cadore [31], Shimada [41] No

4 Noa Noa No 7 0.349 0.349 Choi [32], Buckinx [30], 
Sakamoto [39], Mulrow[37], 
Rosendahl [38], Schoen-
felder [40], Yokoi [44]

Unclear
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Many configurations only explained one case with a solu-
tion that had too many conditions, creating 21 logical 
remainders, so further refinement through minimisation 
was required. In an intermediate solution where the logi-
cal remainders were analysed with a directional expec-
tation that tailored, moderate/low intensity and dose 
was sufficient (based on Table S4 and considering Yokoi 
provided low intensity exercise). This intermediate solu-
tion offered two pathways for explaining success with the 
minimisation, suggesting that ‘tailored’ was not a differ-
entiating driver in this set (Appendix 2, Table S5).

Final theory
A Truth Table of independent ambulatory participants, 
moderate or low intensity, group exercise and an exercise 
dose of more than 1 h per week demonstrated that these 
conditions were able to discriminate between success-
ful and unsuccessful trials (Table 3). Minimisation dem-
onstrated three scenarios that explained the success and 
failure of all 18 falls prevention exercise interventions in 
RACFs included in this sample, with the highest possi-
ble QCA inclusion and coverage scores of 1.0 (Table 4). 
The intermediate solution considering logical remain-
ders with the directional expectation of the presence of 
moderate/low intensity and dose being the drivers, led to 
two solutions (Table 5). This did not have any contradic-
tory simplifying assumptions. The negated solution also 

did not provide a better theory (Appendix  2, Table  S6). 
Therefore, the solution posed as the final refined theory 
from the QCA was: Moderate or low intensity group 
exercise OR exercise for more than 1 h per week in inde-
pendent ambulatory residents are the critical conditions 
of successful exercise programs for falls prevention in 
RACFs.

Top up search
The top up search identified three falls prevention exer-
cise trials in RACFs that met the inclusion criteria 
(Appendix  1b). A three-arm trial provided moderate 
intensity group exercises (either calisthenics or multi-
component exercise) compared to usual care to residents 
over 12 months [47]. Both interventions reduced the rate 
of falls, supporting the final QCA theory [47]. Another 
trial providing moderate intensity group exercise was 
unsuccessful at preventing falls as it was not able to pro-
vide continuous exercise during the intervention period 
due to COVID-19 [48], which was identified by the tri-
alists and in previous meta-analyses as critical for suc-
cessful falls prevention in RACFs [10]. The third trial 
provided moderate intensity group exercise for more 
than 1  h per week but was unsuccessful at prevent-
ing falls after the 12-week intervention [49]. The lack of 
success was most likely due to the combined effects of 
a small sample size (n = 12 in each arm) that caused the 
trial to be unable to demonstrate its full effect and a small 

Table 3  Truth table of moderate or low intensity exercise, group, independent ambulatory residents and > 1 h per week

Inclusion set to 0.9

Successful case, unsuccessful case

Configuration Independent 
ambulatory

Moderate or 
low intensity 

Group  More than 
1 h per 
week 

Outcome 
(Reduced 
Falls) 

No. trials  Sufficiency Cases 

Inclusion 
Score 
(incl)

Consistency 
Score(PRI)

1 Yes Yes Yes Yes Yes 3 1.000 1.000 Arrieta [28], Jahan‑
peyma [35], Kovacs 
[36]

2 Yes Yes No Yes Yes 4 1.000 1.000 Cadore [31], Dhar‑
gave [33], Shimada 
[41], Varela [43]

5 Yes Yes Yes Yes Yes 1 1.000 1.000 Hewitt [1], Irez [34]

6 Yes No Yes Yes Yes 1 1.000 1.000 Choi [32]

7 No Yes Yes No Yes 1 1.000 1.000 Brett [29]

8 Yes Yes Yes No Yes 1 1.000 1.000 Yokoi [44]

11 No No Yes Yes No 2 0.000 0.000 Rosendahl [38], Toots 
[42]

3 No Yes No No No 1 0.000 0.000 Buckinx [30], Saka-
moto [39]

4 No Yes No Yes No 1 0.000 0.000 Mulrow[37]

9 Yes Yes No No No 1 0.000 0.000 Schoenfelder [40]
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number of falls (4 falls in each arm), as mentioned by the 
trialist [49]. This trial therefore did not offer additional 
nuances to the final QCA the.

Sub‑group meta‑analyses
Sub-group meta-analyses confirmed greater fall preven-
tion effects in trials that included the components of the 
final QCA theory (test for subgroup differences p < 0.01). 
Trials that had components aligning with the QCA final 
theory had a 55% reduction in the rate of falls with a 
reduction of the heterogeneity to moderate (Fig. 4, Rate 
Ratio 0.45, 95%CI 0.34 to 0.59, 8 trials, I2 = 60%) while 
the sub-group of trials without these conditions did not 
prevent falls (Fig.4, Rate Ratio 1.24, 95%CI 0.88 to 1.75, 5 
trials, I2 = 67%). The final theory was also associated with 
a 34% reduction in the risk of falling (Fig.  5, Risk Ratio 
0.66, 95%CI 0.53 to 0.82; 7 trials, I2 = 0%) while the sub-
group of trials without these conditions did not prevent 
falls (Fig. 5, Risk Ratio 0.99, 95%CI 0.84 to 1.17, 5 trials, 
I2 = 0%). This provides low certainty evidence that group 
exercise conducted at a moderate intensity, or exercise 
for greater than one hour per week in ambulatory resi-
dents reduces falls in RACFs (Appendix 4).

Discussion
This QCA of falls prevention trials in RACFs suggests 
that exercise interventions that provide moderate or low 
intensity group exercise, or exercise for more than 1 h per 
week in mostly independent ambulatory residents (who 
can independently mobilise with or without a walking 
aid), are more consistently associated with a reduction in 
falls. Moderate or low intensity exercise as a critical fac-
tor in exercise programs for residents suggests that high 
intensity exercise is not suitable for falls prevention in 
this setting [38, 42]. Most of the included successful trials 
tested a moderate intensity intervention (Table 1). Only 
three successful trials that mostly enrolled independent 
ambulatory residents conducted exercises at low inten-
sity [32, 37, 43]. Thus, moderate intensity exercise is con-
sidered the most suitable approach for the broader range 
of exercise participants in RACFs and is consistent with 
the recommendation for “moderate challenge” in com-
munity falls prevention guidelines [4, 50–52].

Recently, a meta-analysis demonstrated that the effec-
tiveness of exercise for falls prevention in this setting 
is not sustained beyond the intervention period [10]. 
The current study adds that a dose of more than 1 h per 
week of exercise for independent ambulatory residents is 
needed. The eight successful trials explained by this con-
dition provided an average weekly exercise dose of 80 to 
210  min [28, 31–33, 35, 36, 41, 43]. Only one trial [33] 
explained by this condition met the Australian physi-
cal activity guidelines for people aged 65 years and over 

of providing an average of 30  min of daily exercise per 
day during the intervention [53]. The remaining 10 tri-
als provided a dose of 80 to 135 min per week, while the 
unsuccessful trial explained by this condition provided an 
average exercise dose of 51 min per week. This suggests 
that a dose of at least 80 min per week could be enough 
to offer benefit in this population and be feasible for con-
ducting exercise falls prevention in RACFs where there 
is the additional need for environmental facilitators to 
guide action and self-efficacy amongst this frail group of 
older adults [54, 55].

Although moderate or low intensity exercise delivered 
in a group for all residents, or more than 1 h for ambulant 
residents, were the critical conditions that differentiated 
successful trials from unsuccessful trials, it is important 
to consider that this is driven by the context of the exist-
ing trials in this analysis. Within the included studies, the 
majority of exercise interventions were supervised for the 
whole trial duration [1, 28–32, 34–42, 44] or in the first 
week then bi-monthly [33]. Only one trial did not provide 
supervised exercise, and this was conducted for residents 
who were able to walk independently without aids [43]. 
This suggests that any exercise program in RACFs should 
be supervised, as a necessary part of safe exercise provi-
sion [56].

While tailored exercise was present in the penultimate 
theory (Appendix  3,Table  S4), it was not a condition of 
the final QCA theory (Table  5). This was due to tailor-
ing being absent in the one trial which only included resi-
dents who were able to safely walk independently without 
aids and thus participate in a self-paced cycling inter-
vention. Therefore, tailored exercise is also considered 
likely to be important amongst independent ambulatory 
residents who use walking aids [43]. Trials including par-
ticipants with reduced mobility required the support and 
supervision of exercise professionals to tailor their exer-
cise program (Table 1). This aligns with the intention of 
physiotherapy services [57].

This study was not able to identify a specific type of 
exercise program as differentiating successful from 
unsuccessful trials. However, given the common use of 
progressive strength and balance exercises amongst fall 
prevention trials and this type of exercise also identified 
in the ICA theory, progressive strength and balance exer-
cise appears to be a suitable based on available evidence. 
Additionally, progressive strength and balance exercises 
are recommended in the community setting [2]. Simi-
larly, in other studies that did not measure falls, both tai-
lored multicomponent exercise and resistance exercise 
have demonstrated improvement in gait speed and sit-
to-stand performance in RACFs [58, 59]. Nevertheless, 
further evidence is required to confirm a specific type of 
exercise for successful falls prevention in this population.
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Strengths and limitations
While these findings indicate critical conditions of suc-
cessful fall prevention exercise programs in RACF, gov-
ernments and organisations need to consider the abilities 
of older adults when applying these findings. The evi-
dence from available trials is more representative of resi-
dents who can independently mobilise with or without 
a walking aid, as this restrictive inclusion criteria was 
applied in most trials (Table  1). Admission to RACFs 
has been associated with a decline in ambulatory ability 
due to the loss of intrinsic capacity associated with age-
ing [60]. This decline is further evidenced by the trend 
of residents admitted to RACFs with increasing disabil-
ity and complexity of health conditions over the last two 
decades [61]. In Australia, the average age of those admit-
ted to RACFs over 2021 to 2022 were 83 years for men 
and 85 years for women compared to predominately 70 
to 80 years of participants in the included trials (Table 1) 
[62]. Consequently, most residents currently living in 
RACFs are likely to be frailer and older than the residents 
in many of the included trials. Thus, residents are likely 
to require tailored exercise at an individualised dose [63].

As QCA utilises qualitative methods to code all sources 
of published information associated with the trial, it ena-
bles broader consideration of details of delivery and con-
text of interventions than more quantitative methods. 
However, this approach is still limited by the sources of 
information available. Hence studies that did not report 
a condition were coded as not providing this condition, 
incorporating a degree of assumption. The number of tri-
als analysed (n = 18) was within the range of 10 to 50 rec-
ommended as ideal for QCA in this context [46]. Whilst 
three unsuccessful trials and one successful trial with 
fair methodological quality based on the PEDro scale 

were included in the analysis, the QCA findings demon-
strated that study quality was not clearly differentiating 
successful trials from unsuccessful trials at preventing 
falls in RACFs (Appendix 2, Table S1). Whilst the search 
for included studies in the ICA and QCA was only con-
ducted until December 2022, the top up search until May 
2024 identified an additional three trials that did not 
offer additional evidence or nuances that would alter the 
conclusions.

Future implications
Future studies should report in detail the degree of 
mobility of participating residents, the degree of tai-
loring and support provided in the exercise program 
and rates of adherence to the exercise program. These 
details were not consistently reported in the included 
trials but would assist in understanding the transfer-
ability of the trial programs into practice and in con-
ducting additional QCA which may help to further 
understand the residual heterogeneity between trials 
observed.

Conclusion
Exercise interventions for falls prevention in RACFs 
should focus on providing moderate or low intensity 
group exercise. For falls prevention interventions that 
mostly include residents who can mobilise independently 
with or without a walking aid, exercise for at least 80 min 
per week should be provided. Considering the level of 
frailty and limited mobility of many residents currently 
in RACFs, supervision and exercise tailoring are likely 
to be also necessary and an individualised dose may be 

Fig. 3  Summary of key conditions explored in QCA
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Fig. 4  Meta-analysis of exercise in RACF grouped by the presence or absence of the final QCA theory a : rate of falls

aModerate/low intensity group exercise for independent ambulatory residents for >1 hour per week

Fig. 5  Meta-analysis of exercise in RACF grouped by the presence or absence of the final QCA theory a : risk of falling

aModerate/low intensity group exercise for independent ambulatory residents for >1 hour per week
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required. Future trials should focus on examining exer-
cise interventions for less mobile residents and report on 
the mobility of participants, degree of tailoring and sup-
port provided as well as adherence rates. When further 
data allows, future analyses should consider if there is a 
specific type of exercise that more successfully prevents 
falls in this population.
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