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Abstract

Background: older adults are known to have increased falls rates and functional decline following hospital discharge, with
substantial economic healthcare costs. This systematic review aimed to synthesise the evidence for effective falls prevention
interventions in older adults recently discharged from hospital.
Methods: literature searches of six databases of quantitative studies conducted from 1990 to June 2017, reporting falls out-
comes of falls prevention interventions for community-dwelling older adults discharged from hospital were included. Study qual-
ity was assessed using a standardised JBI critical appraisal tool (MAStARI) and data pooled using Rev-Man Review Manager®

Results: sixteen studies (total sample size N = 3,290, from eight countries, mean age 77) comprising 12 interventions met
inclusion criteria. We found home hazard modification interventions delivered to those with a previous falls history (1 study),
was effective in reducing the number of falls (RR 0.63, 95%CI 0.43, 0.93, Low GRADE evidence). Home exercise interven-
tions (3 studies) significantly increased the proportion of fallers (OR 1.74, 95%CI 1.17, 2.60, Moderate GRADE evidence),
and did not significantly reduce falls rate (RR 1.27, 95%CI 0.99, 1.62, Very Low GRADE evidence) or falls injury rate (RR
1.16, 95%CI, 0.83,1.63, Low GRADE evidence). Nutritional supplementation for malnourished older adults (1 study) sig-
nificantly reduced the proportion of fallers (HR 0.41, 95% CI 0.19, 0.86, Low GRADE evidence).
Conclusion: the recommended falls prevention interventions for older adults recently discharged from hospital are to pro-
vide home hazard minimisation particularly if they have a recent previous falls history and consider nutritional supplementa-
tion if they are malnourished.

Keywords: falls prevention interventions, after hospital discharge, falls outcomes, older people, systematic review

512

mailto: chiara.naseri@postgrad.curtin.edu.au


Introduction

Implementing effective strategies to reduce falls among older
adults has become a world-wide health challenge as the global
population continues to age [1]. Falls are a leading cause of
hospitalisation for older adults [2, 3]. Hospital length of stay
is decreasing, leaving older adults at risk of adverse events fol-
lowing hospital discharge. Falls are known to increase among
older adults during the post-discharge period with an
increased risk of hip fracture [4–6]. Compared to the average
annual fall rate of 30% in the general older community with
10% of these falls resulting in a serious injury [7–9], 40% of
older adults recently discharged from hospital fall at least
once in the 6-month period following discharge and 54% of
these falls result in a serious injury [10–14].

Several large systematic reviews have established evidence
for the effectiveness of falls prevention interventions for older
adults in the general community [15–20]. However, the studies
included in these reviews did not specifically evaluate interven-
tions in the post-discharge period and the findings may not
translate to falls prevention among community-dwelling older
adults recently discharged from hospital. Systematic reviews of
interventions that provided broad discharge support for older
adults showed limited reduction in falls or adverse events [21, 22].
One systematic review that evaluated falls prevention educa-
tion for older adults concluded there was some evidence that
education was effective in reducing falls rates during and after
hospitalisation (risk ratio [RR] 0.77, 95% confidence interval
0.69–0.87), however other falls prevention interventions were
not examined [23]. The lack of research evidence regarding
effective falls prevention interventions in the period following
hospitalisation needs to be addressed.

The primary objective of this review was to collate ran-
domised controlled trials (RCTs) that delivered falls preven-
tion interventions for older adults just prior or immediately
following hospital discharge, and to synthesise the evidence
regarding their effectiveness during the 6 months immedi-
ately following hospital discharge.

Methods

A review was undertaken according to a protocol published in
JBI Register of Systematic Reviews and Implementation Reports
[24], and reported in accordance with PRISMA guidelines [25].

Search strategy and information sources

The search was undertaken using a three-step strategy recom-
mended by the JBI systematic review library [26], using
MeSH terminology and keywords to ensure all relevant stud-
ies were captured. Full details of the search strategy and infor-
mation sources can be found in Supplementary Appendix 1
available in Age and Ageing online from the journal website.

Inclusion criteria

This review examined studies that evaluated any falls pre-
vention intervention delivered to adults 60 years of age or

older who were hospitalised and then discharged to the
community. The interventions must have been delivered/
commenced in hospital or in the first month after hospital
discharge [24]. Studies eligible for the review were pub-
lished and unpublished studies written in English from any
country between January 1990 and June 2017, including
RCTs and pseudo-RCTs comparing interventions against
no intervention or placebo control. The start date of 1990
was considered appropriate as research concerning falls pre-
vention is a relatively recent field and other large systematic
reviews investigating falls interventions include RCTs dated
from 1990 [20]. Studies needed to measure a falls outcome
within at least 6 months after discharge from hospital
including falls rate (expressed per 1,000-person days), pro-
portion of people who fell one or more times, injurious falls
rate (expressed per 1,000-person days) or proportion of
people who had one or more injurious falls, with consider-
ation of ProFANE common set of falls outcome definitions
and measures [27–32].

Study quality

Papers selected for critical appraisal were assessed by three
independent reviewers for risk of bias and methodological
quality [26]. This was completed prior to inclusion in the
review, using the standardised critical appraisal from JBI Meta-
Analysis of Statistics Assessment and Review Instrument (JBI-
MAStARI), found in Supplementary Appendix 2 available in
Age and Ageing online from the journal website.

Data synthesis and analysis

Data were collated by one reviewer then three reviewers inde-
pendently confirmed accuracy of the data synthesis. Effective-
ness of interventions was classified according to outcomes
[30–33]. For outcomes reported as rates (rates of falls and
rate of injurious falls), data were pooled using inverse variance
DerSimonian and Laird method [34]. This produced a relative
rate effect size with 95% confidence intervals (CI). For out-
comes measured as proportions, the number of fallers and
non-fallers in each group were entered and data pooled using
Mantel–Haenszel model [35]. This produced an odds ratio
(OR) with 95% confidence intervals. For studies that
employed factorial designs, we extracted the main effect of
each intervention if no interaction effect was identified. Quan-
titative data were pooled in statistical meta-analysis using Rev-
Man Review Manager (Version 5.3.2014 TM) to generate for-
est plots [36]. All studies were analysed in terms of falls out-
comes and subgroup meta-analyses based on pooling of
comparable interventions. Heterogeneity was assessed using
the I2 statistic and visual inspection of forest plots. A fixed-
effects model was used to calculate estimates, based on exam-
ination of the literature [26, 37, 38]. The criteria that guided
our decision to use the fixed-effect model in meta-analysis
was the small number, size and heterogeneity of the studies
evaluating each falls intervention. The included studies were
clinical trials, methodologically homogenous, and measured
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one common true effect, a falls outcome. The only possible
exception within this criterion was potential between-study
heterogeneity of the participants. Notwithstanding fulfilment
of our study sample inclusion criteria, we reasonably con-
sidered the participants to be similar enough to appropriately
represent the population of older people recently discharged
from hospital [38].

Results

Selected studies

The search generated 1068 articles from the six databases.
Figure 1 illustrates the study selection process. Supplementary
Appendix 3, available in Age and Ageing online outlines the char-
acteristics of included (N = 16) studies.

The articles included in the review comprised one quasi
RCT and 15 RCTs [39–53], refer to Supplementary Appendix
4 for the full reference list of included studies, available in Age
and Ageing online. All the selected studies’ sample populations

consisted of older adults recruited from inpatient wards.
Participants’ mean age across the 16 studies were 77 years,
with an age range of 70–84. Further details regarding the study
population can be found in Supplementary Appendix 5, avail-
able in Age and Ageing online.

Study interventions

The interventions from nine studies were grouped according
to a recommended taxonomy to describe falls prevention inter-
ventions [28], including home hazard modification interven-
tions, home exercise programme, and cholecalciferol therapy.
Two studies delivered exercise and cholecalciferol in factorial
designed RCTs [47, 51]. One study provided a home exercise
intervention as well as multi-factorial falls risk minimisation
strategies based on falls risk factors [52], identified using a falls
risk assessment tool for older people in the community
(FROP-Com) [54, 55].

There were eight interventions included in the review that
could not be pooled in meta-analysis because they only
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Figure 1. Study selection flow chart.
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featured once across all the studies. These were geriatric team
management, inpatient falls prevention education, tailored
falls prevention education prior to discharge, a day hospital
balance class, high-intensity quadriceps exercise, nutritional
supplementation, discharge planning and an inpatient balance
circuit class.

Quality of studies

The critical appraisal of all 16 included studies can be found
in Supplementary Appendix 6, available in Age and Ageing
online from the journal website.

Effectiveness of falls prevention interventions

Home hazard modification intervention

Three trials evaluated the effect of home hazard modifica-
tion interventions on falls outcomes, however they differed
in their presentation of effect estimates, therefore their
results were analysed at the individual study level. One
study dichotomised falls data, showing no significant effect
on proportion of fallers (relative risk 1.06, 95%CI, 0.48,
2.34) [46]. Another study used the Andersen-Gill approach
to describe falls as recurrent events and showed a signifi-
cant reduction in proportion of fallers for the subgroup of
participants with a previous falls history (HR 0.75, 95%CI
0.58, 0.96) [41]. (Supplementary Appendix seven Figure S1,
available in Age and Ageing online)

In another home hazard modification intervention study,
results showed a reduction in falls using rate ratio (RR), also
for a subgroup of participants with a previous history of fre-
quent falls (RR 0.63, 95%CI 0.43, 0.93) [42]. (Supplementary
Appendix 7 Figure S2, available in Age and Ageing online)

Home exercise intervention

Meta-analysis of falls rate data from three studies in the home
exercise group of interventions showed moderate heterogen-
eity (I2 = 32% P = 0.23), this may have been due to the dif-
fering doses of intervention and clinical variation in the
populations across the studies. Overall the intervention did
not significantly reduce falls (RR 1.27, 95%CI, 0.99, 1.62), or
falls injuries (RR 1.16, 95%CI, 0.83,1.63), however meta-analysis
from two studies found a significant increase in proportion of
fallers (OR 1.74, 95%CI, 1.17, 2.60) (Figure 2).

Short-term nutritional supplementation intervention

A single study provided a multi-component nutritional inter-
vention that included cholecalciferol supplementation for mal-
nourished older adults commencing at hospital admission and
continuing to 3 months after discharge. Falls rates were treated
as binary data (participants did/did not fall), describing the haz-
ard ratio of patients experiencing one or more falls, with an
overall significant reduction in the number of people who fell
(HR 0.41, 95% CI, 0.19, 0.86) at the study level.

There were six further interventions analysed at the study
level, these are described in Supplementary Appendix 8 avail-
able in Age and Ageing online. The interventions included

cholecalciferol therapy, inpatient falls prevention education
and education provided at discharge, geriatric team manage-
ment, inpatient balance circuit training, high-intensity quadri-
ceps resistance training, and day hospital strength and balance
training

Overall comparison of effect of interventions
(un-pooled)

The effects of all interventions, categorised according to studies,
are presented using an un-pooled forest plot in Figure 3 (effect
of all interventions on falls rates and proportion of people who
fell). Six interventions were found to be ineffective in this popu-
lation, including a single occupational therapist phone call, a bal-
ance home exercise programme using an instructional DVD, a
non-supervised strength and balance home exercise programme,
an inpatient balance home exercise programme, cholecalciferol
therapy, and an inpatient falls education programme.

There was between study variation in GRADE quality of
evidence for the effect of home exercise intervention on falls
outcomes (Table 1), despite heterogeneity scores during meta-
analysis being low (Figure 2). This could be related to the clin-
ical variation across the studies population, including older
people diagnosed as high falls risk following a recent stroke,
and discharged from general surgical and medical wards
(Supplementary Appendix 3). We would advise caution against
overinterpreting the GRADE recommendation, and guide
readers to consider home exercise intervention content, dose,
duration, delivery setting and supervision at the study level.

Recommendations based on the evidence

Table 1 illustrates the summary of the evidence using the
GRADE approach. [62]

Discussion

Summary of findings

The present systematic review and meta-analysis is the first
to synthesise evidence of effective falls prevention interven-
tions for older adults following recent hospital discharge.
Overall results indicated there was limited evidence that
home hazard modifications reduced falls outcomes, though
the intervention was more effective among a subgroup of
participants who had a frequent falls history. Home hazard
modifications have previously been found to be effective in
preventing falls among the general community population
[16], and are frequently a component of hospital discharge
plans [63–65]. These previous findings suggest that if these
interventions were tailored and evaluated specifically for
older adults recently discharged from hospital, there could
be a greater amount of evidence of their effectiveness for
falls prevention during the post-discharge period.

Previous evidence has shown that falls prevention exer-
cise programmes are beneficial for older adults in the com-
munity setting, however, the findings of this review indicate
they may have a different effect in older adults recently dis-
charged from hospital. There are many precipitating factors
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to be considered in providing home exercise falls interventions
to older adults following hospital discharge, including the likely
need for regular supervision over an extended period to increase
safety, challenge balance and maintain compliance [43, 66–69]. A
large meta-analysis led by Sherrington et al. [18] concluded that
falls prevention programmes that include a moderate to high
challenge to balance are associated with a reduction in falls
among community-dwelling older adults. However, when these
exercise parameters were introduced to older adults recently dis-
charged from hospital [43], this led to an increase in the number
of falls, falls injuries, and proportion of fallers. The components
of the home exercise programmes that may assist to explain this
effect include no direct supervision or limited one-on-one super-
vision of the exercises, and recommended frequencies of
30–40min at least 3–6 days per week. Since this population is
generally functionally declined, participants may have required
more supervision initially, and a lower commencement dosage of
exercise.

This review found that cholecalciferol therapy did not sig-
nificantly reduce falls in older adults discharged from hospital.
Although previous reviews have demonstrated a protective
effect of cholecalciferol therapy on falls in community-dwelling

and institutionalised older adults [16, 70], some more recent
RCTs have concluded a higher risk of falls at higher doses, par-
ticularly for older adults with a previous falls history [71].
Despite the lack of evidence for falls prevention following hos-
pital discharge, falls prevention guidelines recommend at least
800 international units of vitamin D per day for those with
proven or suspected vitamin D deficiency, abnormal gait and
risk of falls [72].

Previous reviews have indicated that patient population
may impact outcomes of falls prevention interventions, such
as older adults who are frail and at risk of functional decline
following recent hospital discharge [15, 19, 22, 64]. Critical
elements of frailty, such as muscle weakness and malnutrition
are associated with falls and functional decline [73]. A multi-
factorial intervention incorporating an individualised home
programme for frail older adults improved risk factors for
falls but did not reduce rate of falls [74]. One study in this
review that provided nutrition supplementation for malnour-
ished older adults was effective in reducing the proportion of
people who fell post-discharge [42], indicating interventions
that target elements of frailty are likely to have a positive
effect on falls risk factors and falls outcomes. This result is

Figure 2. Forest plots (pooled) overall effect of home exercise on falls outcomes.
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consistent with previous RCTs and systematic reviews
[21, 64, 75–77].

Study strengths and limitations

This systematic review was a comprehensive undertaking
with a large range of falls prevention interventions analysed.
Falls prevention interventions that are effective in the gen-
eral older population may require tailoring to be effective
for older adults recently discharged from hospital. There
are additional and possibly specific factors to be considered
in delivering interventions to this population, including the
need for regular supervision and support to aid functional
recovery and prevention of hospital re-admission.

Although this review did not find one falls prevention
intervention was significantly effective overall, there is a possi-
bility that tailoring different components of the interventions
to the identified falls risks, physical and social needs of the
older person, could lead to better uptake of falls prevention
strategies. Although a large systematic review investigating
falls prevention found multi-factorial interventions were
implemented in 19 trials, [16] we found no trials that evalu-
ated multi-factorial falls interventions in the post-discharge
setting. Targeted multi-dimensional falls risk assessment and
management offered by multi-disciplinary specialists for older
adults following hospital discharge is warranted. Especially
considering current healthcare services tend to discharge old-
er adults from hospital with ongoing medical illnesses, frailty
and risk of further falls. This is a consideration for future

research as multi-factorial falls interventions have been shown
to be effective for falls prevention of older adults in the com-
munity setting [16].

A possible limitation of this review is the grouping of
interventions that necessitated simplification of often com-
plex interventions. The analysis is based on overall effects
of the intervention categories, without consideration of
characteristics of individual participants, modification of
intervention doses, or adherence to interventions.

Despite efforts to be comprehensive in our choice of
search terms, we did not cover all MeSH terms such as ‘eld-
erly’ and ‘seniors’, and so there is potential that studies were
not found during our search strategy and screening process.
However, the MeSH terms used in our search include ‘frail
elderly’ as well as people ‘aged 65–79 years’, and during the
final search phase, we hand-searched reference lists of all
studies examined in full text to strengthen our search.

Conclusion

Falls is a serious problem for older adults who have recently
been discharged from hospital, with associated decline in
quality of life and functional independence [9–13]. Falls pre-
vention interventions found to be effective in the general
older population are not necessarily transferrable to older
adults following hospital discharge.

We found low to moderate quality GRADE evidence fol-
lowing data-analysis from studies grouped according to inter-
ventions. The recommended falls prevention interventions for

Figure 3. Forest plots (un-pooled) effect of interventions on falls rate and proportion of people who fell.
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older adults recently discharged from hospital are to provide
home hazard minimisation particularly if they have a recent
previous falls history and consider nutritional supplementation
if they are malnourished. Future randomised controlled trials to
investigate the post-discharge falls prevention effects of tailored
education, multi-factorial falls interventions and structured
supervised exercise programmes are warranted. Falls preven-
tion interventions for this population may need to be tailored
to the individual older patient, with planned review after hos-
pital discharge to support uptake of falls prevention strategies.

Key points

• There is a range of falls interventions delivered in a lim-
ited number of small studies for the post-discharge older
population with potential high risk of bias.

• Falls prevention interventions effective in the general older
population are not automatically transferrable in the post-
discharge setting and may need to be tailored to the individual
older patient, with post-discharge review to support uptake.

• Recommendations based on the evidence are to imple-
ment home hazard minimisation particularly if there is a
history of recent falls and consider nutritional supplemen-
tation if the older adult is malnourished.

• Future research to investigate the post-discharge falls preven-
tion effects of tailored education, multi-factorial interventions,
and structured supervised exercise programmes is warranted.

Supplementary data

Supplementary data mentioned in the text are available to
subscribers in Age and Ageing online.
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Table 1. GRADE Summary of the evidence

Number of Participants
(studies)

Quality of the evidence (GRADE) ANTICIPATED ABSOLUTE EFFECTS

Relative effects (%) Absolute effect with
intervention [95% CI]

HOME EXERCISE INTERVENTION
Bibliography: Batchelor et al., (2012); Sherrington et al. (2014); Haines et al. (2009)
Incident rate of falls Pooled N = 525 participants

(three studies)
⊕⊝⊝⊝VERY LOW1,2 due to
inconsistency and imprecision

– Risk ratio for falls in
the intervention
groups was 1.27
[0.99–1.62]

Incident rate ratio of falls

injury rate Pooled

N = 525 (three studies) ⊕⊕⊝⊝LOW1 due to imprecision – Risk ratio for falls
injuries in the
intervention groups
was 1.16 [0.83–1.63]

Proportion of fallers Pooled N = 369 (two studies) ⊕⊕⊕⊝ MODERATE – Odds ratio for
proportion of fallers
with intervention
was 1.74 [1.17, 2.60]

NUTRITIONAL SUPPLEMENTATION
Bibliography: Neelmaat et al. (2012)
Proportion of fallers N = 210 (one study) ⊕⊕⊝⊝LOW due to only one study – Hazard ratio for

proportion of fallers
with intervention
was 0.41 [0.19, 0.86]

1Imprecision: the 95% CI of the pooled estimate included one or no effect.
2Inconsistency: heterogeneity may be explained by the differing characteristics of the populations, content and duration of the intervention across the studies.
GRADE Working Group grades of evidence High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate qual-

ity: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality: Further research
is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low quality: We are very uncertain
about the estimate.
The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
GRADEpro GDT: GRADEpro Guideline Development Tool [Software]. McMaster University, 2015 (developed by Evidence Prime, Inc.). http://www.gradepro.
org [Accessed 16 March 2017].
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