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Abstract

Aims: To provide a comprehensive collection of evidence on the effectiveness of
exercise interventions to prevent falls and support clinical decision-making.

Design: A systematic literature review and meta-analysis of randomized controlled
trails were performed by combining trials from published systematic reviews and
more recent ones from a separate literature search.

Data Sources: The literature search was performed using PubMed, CINAHL,
Cochrane Databases, and Google Scholar dating January 2007 - March 2018.
Review Methods: Comparable studies were pooled using the random-effects model.
The GRADE approach was used to judge the evidence.

Results: Exercises with a balance component or with technical devices reduced falls
significantly, however, with low confidence in the evidence. The evidence indicated
that exercises conducted longer than 6 months were beneficial. In frail residents,
exercise interventions seemed to have substantially negative effects on falls.
Conclusions: Exercise interventions with technical devices, those with a balance
component, and those performed longer than 6 months are recommended in long-
term care settings. Frail residents need special attention when performing exercises
due to their increased risk of falling.

Impact: Exercises with a balance component and exercises carried out with technical de-
vices have beneficial effects, whereas exercises performed longer than 6 months are more
effective than short-term performances. No significant reduction or decrease in the num-
ber of falls was found for exercise in cognitively impaired residents. In frail residents, how-
ever, the number of fall events increased substantially as a result of exercise interventions.
The results of this review are useful for clinical decision-makers in long-term care facilities

with regard to the planning and performance of exercise interventions for residents.
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1 | INTRODUCTION

Falls are still a global problem. It is estimated that about 600,000 falls
with fatal consequences occur annually worldwide (World Health
Organisation 2018). Older adults have an increased risk of falling.
About half of all residents living in long-term care facilities fall each
year and one-third suffer injuries that range from abrasions to trau-
matic brain injuries or hip fractures (Anderson, Boshier, & Hanna,
2012; Rapp, Becker, Cameron, Konig, & Buchele, 2012 et al. 2012).
The estimated costs of care for those injured range from $1,750 to
$22,130 per year (Heinrich, Rapp, Rissmann, Becker, & Konig, 2010).
In addition to these physiological and economic burdens, falls can
also lead to psychological consequences for the affected people,
such as fear of falling (Kumar, Carpenter, Morris, lliffe, & Kendrick,
2014). Furthermore, falls are also burdensome for nurses working
in long-term care facilities, as they experience feelings of guilt and
feel as though they have failed (Bok, Pierce, Gies, & Steiner, 2016;
Schoberer, Breimaier, Mandl, Halfens, & Lohrmann, 2016). Many
nurses and residents attribute falls to the natural aging process
and express the opinion that falls are inevitable and unavoidable
(Schoberer et al., 2016). Despite this popular opinion, promoting the
use of fall prevention interventions can potentially benefit residents
living in long-term care settings.

1.1 | Background

Guidelines recommend multifactorial interventions with an exercise
component for older people in long-term care settings who are at
risk of falling (National Institute for Health & Care Excellence, 2013).
The effect of exercises as stand-alone interventions in long-term
care facilities, however, is still not conclusive. Results from nine tri-
als synthetized in a Cochrane review were inconsistent and showed
positive effects of exercise interventions only for residents who
lived in intermediate-level care facilities (Cameron et al., 2014). A
more recent meta-analysis showed a beneficial effect for exercise
interventions combined with other fall prevention interventions and
exercise interventions with a balance component (Lee & Kim, 2017).
Although several systematic reviews have been written on exercise
interventions in long-term care facilities, the conclusions are incon-
gruent. These reviews had different foci (e.g., each placing a focus on
one special type of exercise intervention) and used different inclu-
sion criteria and different search strategies. Clinical decision-mak-
ers, therefore, find it difficult to choose appropriate reviews that
answer clinical questions that they consider as relevant and compare
them with each other. A comprehensive review that addresses sev-

eral relevant questions that arise in practice is needed.

2 | THE REVIEW

2.1 | Aims

This systematic review was conducted to provide a comprehensive
summary of the randomized controlled trials (RCTs) that have dealt

with exercise interventions and provide clear evidence that will fa-

cilitate decision-making in clinical practice.

2.2 | Design

We performed a systematic literature review and meta-analysis of
RCTs, by combining RCTs that have been included in published sys-
tematic reviews. This allowed us to identify a broad range of RCTs
gathered using different search strategies and saved resources by
not repeating the single RCT searches. More recently published
RCTs were additionally obtained during a separate literature search.
We used the GRADE approach to assess the evidence for exercise
interventions with respect to fall prevention.

The studies included in this review were systematic reviews of
RCTs or primary RCTs that dealt with any kind of exercise interven-
tion, as a single intervention, in institutional long-term care settings.
This kind of setting included nursing homes, residential care facili-
ties, homes for older people and assisted living facilities. Residents
had to be older people, of whom more than 50% were older than
65 years of age or 70 years of age on average. The primary outcomes
were the number of falls and fallers (those who had sustained a
fall), whereas the secondary outcomes were the injuries sustained
from falls, fear of falling, and quality of life. We excluded studies
where multifactorial interventions with an exercise component were
examined.

2.3 | Search methods

The literature search was a two-step process: Primarily, we con-
ducted a search for systematic reviews of RCTs in the PubMed da-
tabase, Cumulative Index of Nursing and Allied Health Literature
(CINAHL) database, and the Cochrane Database of Systematic
Reviews (CDSR) for the time frame of January 2007 - March 2018
written in English or German. Additionally, a manual search was con-
ducted in Google Scholar and in reference lists of included reviews
and of clinical guidelines (e.g., from the National Institute for Health
& Care Excellence, 2013). To ensure that only systematic reviews
with a low risk of bias were included, the reviews were appraised
using the Critical Appraisal Worksheet for Systematic Reviews
(Centre for Evidence-based Medicine, 2005) and had to fulfil the
following qualitative requirements: a clear description of the search
methods, including a comprehensive literature search (at least two
databases); a clear indication of inclusion and exclusion criteria; and
a quality appraisal of included RCTs with predetermined quality cri-
teria. Reviews were included either if they placed a sole focus on the
effectiveness of exercise interventions for fall prevention or if they
placed a focus on different kinds of fall prevention interventions, in-
cluding exercise interventions as stand-alone interventions to target
only those studies.

After completing the systematic review search, we conducted
a search for more up-to-date RCTs in the PubMed, CINAHL, and
Cochrane Central Register of Controlled Trials (CENTRAL) data-
bases as well as Google Scholar and reference lists. As the most
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recent comprehensive systematic review found had included stud-
ies that had been published in December 2014, the RCT search
included the period of December 2014-March 2018. While con-
ducting both searches, we used the same search terms (Search
queries for systematic reviews, Table 1 in DataS1, Search queries
for RCTs, Table 2 in DataS1), which were defined based on a pre-
liminary literature search and discussions with experts in the field.
The two authors checked the titles, abstracts and, subsequently,
the full-text articles according to the inclusion/exclusion criteria
independently and discussed points of contention until a decision

was made.

2.4 | Search outcomes

The database search yielded 112 reviews. Additionally, 13 reviews
were identified through other sources. After removing duplicates
and excluding records by carrying out title and abstract screening,
we assessed 33 full-text reviews. Nine of these reviews fulfilled the
inclusion criteria (Cameron et al., 2014, Chan et al., 2015, Gleeson,
Sherrington & Keay, 2014, Gregory & Watson, 2009, Harling &
Simpson, 2008, Lee & Kim, 2017, Low, Ang, Goh, & Chew, 2009,
Silva, Eslick & Duque, 2013, Vlaeyen et al., 2015) (PRISMA flow dia-
gram, Figure 1 in DataS1). These reviews included 18 different RCTs
that dealt with exercise interventions for fall prevention in long-term
care settings. The characteristics of the included systematic reviews,
including the eligibility criteria used, search methods for the identi-
fication of studies as well as relevant RCTs included, are described
in Supplement 2. The database search for recent RCTs yielded 95
records and three records were identified by examining additional
sources. All five articles that were assessed for eligibility met the
inclusion criteria (PRISMA flow diagram, Figure 2 in DataS1). Thus,
the final synthesis included 23 RCTs.

2.5 | Data abstraction

One author extracted the data using a predefined data extraction
form and the other checked the accuracy of the extracted data.
The following variables were extracted from each systematic re-
view: eligibility criteria according to the population, interventions,
outcomes and setting; and search methods including databases, ad-
ditional sources, search periods, and restrictions (Supplement 2). In
addition, we extracted data from each included RCTs that met the
inclusion criteria defined above, according to the population, inter-
vention details, results (relative and absolute data, if available), and
quality appraisal (risk of bias). If data were missing from or incon-
gruent between different systematic reviews, the original study was
consulted. Similarly, data regarding the population, intervention, and
results were extracted from the up-to-date RCTs.

2.6 | Quality appraisal

The two authors independently appraised the methodological
qualities of these RCTs using the Critical Appraisal Worksheet for

Therapy Studies (Centre for Evidence-Based Medicine, 2005). The
critical appraisal questions and the corresponding categorisation re-
garding the selection, performance, detection, and attrition bias is
provided in Table 2 in DataS3. Points of disagreement were resolved
through discussion.

2.7 | Synthesis

We grouped comparable studies with regard to the type, fre-
quency, and duration of the intervention as well as special sam-
ple-size characteristics. The synthesis was guided by the Cochrane
Handbook (Higgins & Green, 2009). If at least two clinically com-
parable studies were available, these were pooled using the ran-
dom-effects model. This model is more likely to fit the sampling
distribution and allows the results to be generalized to a wider array
of situations (Borenstein, Hedges, Higgins, & Rothstein, 2010). We
calculated pooled risk ratios for the dichotomous outcomes (e.g.,
fallers, fractures) and pooled rate ratios for the outcome rate of
falls with 95% confidence intervals using the generic inverse vari-
ance method. Statistical heterogeneity was assessed using Xz test
(with statistically significance set at p < .05) and by calculating the
12 statistic (Deeks, Higgins, & Altman, 2017). We used the Software
Review Manager, Version 5.3 (Review Manager, 2014) to compile
the meta-analyses and calculate the heterogeneity. If the study re-
sults were presented in such a way that pooling was not possible,
the p value is indicated. We performed sensitivity analyses to see
if the overall estimate of effectiveness changed when the evidence
from studies with a high risk of bias (at least two) was excluded
(Higgins & Green, 2009) and at least 10 studies were identified.
To evaluate the confidence in the evidence of different kinds
of exercise interventions, we used the GRADE method to evaluate
each outcome. GRADE provides a framework that can be used to
rate the quality of evidence and, thus, the confidence in estimates
of the effects in a systematic, standardized manner (Balshem et al.,
2011). In addition to the risk of bias (Guyatt, Oxman, Vist, Kunz, et
al., 2011e), we evaluated the inconsistency of the results (Guyatt
et al., 2011c), the indirectness in the applicability (Guyatt et al.,
2011b), and the level of imprecision of the treatment-effect esti-
mate (Guyatt, Oxman, Kunz, Brozek, Alonso-Coello, et al., 2011a)
for each outcome. Starting from one of four evidence levels, the
quality of evidence was graded one or two levels lower by the two
authors while consulting with one another if one of the mentioned
aspects was limited (e.g., high overall risk of bias or significant het-
erogeneity) (Balshem et al., 2011; Guyatt, Oxman, et al., 2013a).
The lowest possible level given was one, which meant that little
confidence was assigned the estimated effect (very low confi-
dence in the evidence). In contrast, an evidence level of four meant
that one could be highly confident that the true effect is similar to
the estimated effect (high confidence in the evidence) (Balshem
et al., 2011). The GRADE evidence profiles (Guyatt, Thorlund, et
al., 2013b) that were finally developed during this process demon-
strate the decisions transparently. The results of the meta-anal-
yses (pooled risk rate/rate ratio) or p values (if pooling was not
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possible) are as well incorporated into the GRADE evidence pro-
files (Tables 2-4).

3 | RESULTS

3.1 | Characteristics and quality of the included
RCTs

The sample size ranged from 16-639 residents, with a total number
of 3,767 participants. Performed exercise interventions were those to
assess and improve balance, strength, walking, endurance, flexibility,
functional, resistance, and mobility training with or without technical
devices (e.g., vibration plate, Wii Balance Board). Five studies examined
the effect of tai chi to prevent falls (Choi, Moon, & Song, 2005; Faber,
Bosscher, Chin, & Wieringen, 2006; Nowalk, Prendergast, Bayles,
D'Amico, & Colvin, 2001; Saravanakumar, Higgins, Riet, Marquez, &
Sibbritt, 2014; Wolf et al., 2003). In four studies, more than one inter-
vention arm was investigated (Faber et al., 2006; Nowalk et al., 2001;
Saravanakumar et al., 2014; Tuunainen et al., 2013). Most studies had
no exercise control group; three studies compared different exercise
interventions with each other (Fu, Gao, Tung, Tsang, & Kwan, 2015;
Sitja-Rabert, Martinez-Zapata, M.a.J., Fort Vanmeerhaeghe, A., Rey
Abella, F., Romero-Rodriguez, D., & Bonfill, X., 2015; Tuunainen et al.,
2013). Table 1 provides an overview of the study characteristics. All
except one study (Choi et al., 2005) examined the outcome rate of falls,
whereas 10 studies provided data for the outcome fallers (Buckinx
et al., 2014; Choi et al., 2005; Faber et al., 2006; Kerse et al., 2008;
Kovacs, Sztruhar Jonasne, Karoczi, Korpos, & Gondos, 2013; Mulrow
et al., 1994; Rosendahl, Gustafson, Nordin, Lundin-Olsson, & Nyberg,
2008; Sakamoto et al., 2006; Shimada, Obuchi, Furuna, & Suzuki, 2004;
Sihvonen, Sipila, Taskinen, & Era, 2004). Additional, rarely investigated
outcomes were hip fractures (Rosendahl et al., 2008), fear of falling
(Wolf et al., 2003), and quality of life (Saravanakumar et al., 2014;
Tuunainen et al., 2013). Table 1 in DataS3 includes a description of the
quality of the included studies. The risk for selection bias was gener-
ally low and, on the contrary, several studies had a moderate to high
risk of observer bias due to the lack of blinding or objective outcome
measurements (Choi et al., 2005; DeSure, Peterson, Gianan, & Pang,
2013; Faber et al., 2006; Kerse et al., 2008; Kovacs et al., 2013, 2012;
Lord et al., 2003; Mulrow et al., 1994; Nowalk et al., 2001; Rosendahl
etal.,, 2008; Sakamoto et al., 2006; Schoenfelder, 2000; Shimada et al.,
2004, Sihvonen et al., 2004).

3.2 | Effects of exercise interventions for
fall prevention

The results of the meta-analysis of 18 RCTs (Figure 1; Figure 1.1 in
DataS4) showed that performing any kind of exercise interventions
compared with no exercise intervention had a non-significant effect
regarding the rate of falls (RR: 0.86, 95% Cl [0.73-1.02]) with mod-
erate statistical heterogeneity (I%: 69%). One study, which provided
data on the outcome rate of falls in such a way that pooling was not
possible, confirmed the non-significant effect (Saravanakumar et

al., 2014). Excluding the three studies with frail residents (Cadore
et al., 2014; Faber et al., 2006; Mulrow et al., 1994) led to an iden-
tification of a significant effect for these exercise intervention (RR:
0.80, 95% CI [0.67-0.97], I?: 64%, Figure 1.3 in DataS4). The num-
ber of people sustaining a fall (outcome fallers) could not be de-
creased by providing exercise interventions (10 studies, RR: 1.04,
95% Cl [0.91-1.19], I 11%, Figure 1.2 in DataS4). Excluding the
studies with frail residents (Faber et al., 2006; Mulrow et al., 1994)
also did not reduce the number of fallers (eight studies, RR: 0.99,
95% Cl [0.86-1.14], I*: 0%, Figure 1.4 in DataS4). Figures 1.1 and
1.2 in DataS4 show the funnel plots for the main meta-analyses.

3.3 | Effects and GRADE profiles of different
types of exercise interventions

We grouped different types of exercise interventions into multicom-
ponent exercises, single-component exercises, exercises with a bal-
ance component, exercises with tai chi, and exercises with technical
devices and guided exercises. Neither multicomponent exercises nor
single-component exercises had significant effects on the rate of falls
(RR: 0.82, 95% Cl [0.66-1.03], I?: 73%, RR: 0.81, 95% Cl [0.61-1.07],
1%: 80%, Figures 2.1 and 3.1 in DataS4) with the confidence in the evi-
dence graded as very low. The number of people sustaining a fall in-
creased with multicomponent exercises as well as single-component
exercises (Figures 2.2 and 3.2 in DataS4, low confidence). No sig-
nificant effect was found in one study for multicomponent exercises
regarding reductions in hip fractures (Rosendahl et al., 2008). The
confidence in this evidence was also very low due to the high risk of
bias and broad confidence intervals. Exercises with a balance compo-
nent reduced the number of falls significantly (RR: 0.79, 95% CI [0.65-
0.98], I%: 68%, Figure 4.1 in DataS4), however, with low confidence
in the evidence. Exercises with tai chi showed no effect compared
with the no-exercise control groups on the number of falls (Figure 5.1
in DataS4), fallers (Figure 5.2 in DataS4), or their quality of life with
low and very low confidence in the evidence, but did show an effect
on the fear of falling (p < .001) with moderate confidence. Exercises
conducted with technical devices showed a significant, pooled effect
(RR: 0.55, 95% CI [0.30-0.99], I%: 62%, Figure 6.1 in DataS4), but due
to the moderate statistical heterogeneity, only low confidence in the
evidence could be demonstrated. Removing the studies with whole
body vibration (Buckinx et al., 2014; Sitja-Rabert et al., 2015) which
caused the heterogeneity, the effect became higher (RR: 0.39, 95%
Cl [0.26-0.60], I’: 0%, Figure 6.3 in DataS4) and the confidence in
the evidence increased to moderate. A beneficial effect for guided
exercises as compared with self-training with written instructions
could be shown, but with very low confidence in the evidence (RR:
0.54, 95% CI [0.36-0.82]). The GRADE profile in Table 2 shows the
quality assessment of the studies in detail and the results from the
meta-analyses with the confidence ratings. Detailed meta-analyses
with forest plots are shown in Figures 2.1-6.4 in DataS4. Study re-
sults that presented the data in such a way that pooling was not pos-
sible are listed separately in the GRADE profiles and the references
for these studies are provided in the legend.
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TABLE 1 Characteristics of the included RCTs

Author, Country
Buckinx et al., 2014,
Belgien

Cadore et al., 2014,
Spain

Choi et al., 2005
Korea

De Sure et al. 2013,
USA

Faber et al., 2006,
Netherlands

Fu et al.,, 2015, China

Kerse et al., 2008,
New Zealand

Kovacs et al., 2012,
Hungary

Kovacs et al., 2013,
Hungary

Lord et al., 2003,
Australia

Mulrow et al., 1994,
USA

Nowalk et al., 2001,
USA

Rolland et al., 2007,
France

Rosendahl et al.,
2008, Sweden

Sakamoto et al.,
2006, Japan

Saravanakumar et al.,
2014, Australia

Schnelle et al., 2003,
USA

Schonfelder et al.
2000, USA

Shimada et al., 2004,
Japan

Sihvonen et al.,
2004, Finland

Sample size
(IG/CG)

62 (31/31)

24 (11/13)

59 (29/30)

27 (12/15)

232

(64/78/90)

60 (30/30)

639
(310/329)

41 (21/20)

166 (86/80)

551
(280/271)

SG 125
(64/61)

194 (97/97)

110
(38/37/35)*

110 (56/54)

183 (87/96)

SG 97
(45/52)

527
(315/212)

38
(11/11/11)

170 (85/85)

16 (9/7)

26(15/11)

27 (20/7)

Special sample
characteristics

Frail accord-
ing to Fried's
criteria

Frail accord-
ing to Fried's
criteria

Visual
impairments

Cognitive
impairments

Frail (depend-
ing in at least
2 ADL)

Alzheimer's
disease

Dementia

Type of exercise
intervention

Whole body vibration
(with vibration plate)

Balance, strength

Tai chi

Balance, strength

IG I: walking

IG II: tai chi exercises,
flexibility, balance,
endurance, walking

Balance (with Wii
Balance Board)

Functional (activity
training with goal
setting)

Balance, strength

Balance, strength

Balance, strength (group
exercise)

Gait, balance, coor-
dination, functional,
strength/resistance

IG I: tai chi

IG II: strength,
endurance

Balance, strength, flex-
ibility, walking

Balance, strength (group
exercise)

Balance (one
leg-standing)

IG I: tai chi
IG Il: yoga

Strength, mobility,
walking

Balance, strength,
walking

Gait, balance, functional
(with treadmill)

Balance (on a force
platform with a visual
feedback screen)

Control
intervention

Usual care

Routine mobility
exercises

Usual care

Usual care

Usual care

Balance training
(without balance
board)

Usual care, social
visits

Osteoporosis exer-
cises only

Usual care

Minimal-intensity
activities

Social visits

Basic enhanced
programming

Usual care

Activities performed
while sitting (e.g.,
singing)

Usual care

Usual care

Usual care

Usual care

Usual exercises

Usual care

Intensity

3/week

2/week

3/week, 35 min

1/week

1-2/week, 60 min

3/week, 60 min

Several times a

day (short doses)

2/week, 30 min

2/week, 30 min

2/week, 60 min

3/week,
30-45 min

3/week

2/week, 60 min

5/2 weeks,
45 min

3/day, 2 min

1/week, 30 min

5/week

3/week, 20 min

3/week, 80 min

3/week,
20-30 min

Duration

6 months

12 weeks

12 weeks

10 weeks

20 weeks

6 weeks

24 weeks

24 weeks

12 weeks

12 months

16 weeks

24 months

12 months

3 months

24 weeks

14 weeks

8 months

12 weeks

24 weeks

4 weeks

(Continues)
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TABLE 1 (Continued)
Sample size Special sample Type of exercise Control

Author, Country (IG/CG) characteristics intervention intervention Intensity Duration
Sitja-Rabert et al., 159 (81/78) Whole body vibration Balance, strength 3/week, 30 min 6 weeks

2015, Spain (with vibration plate) training (without

vibration)

Tuuainen et al. 2013, 55 IG I: strength with Self-training 2/week, 60 min 13 weeks

Finland (18/18/19)% physiotherapy with written

IG Il: strength, balance instructions
with physiotherapy

Wolf et al., 2003, 296 Tai chi Education 2/week, 90 min 48 weeks

USA (145/141)

Abbreviations: ATL, Activities of Daily Living; CG, Control Group; IG, Intervention Group; SG, Subgroup.

23 arms (IG 1, IG I, CG)

3.4 | Effects and GRADE profiles of exercise
interventions differing in frequency and duration

Five studies (N = 1,189) investigated exercise interventions with
a duration longer than 6 months and 16 studies (N = 2,255), with
a duration of up to 6 months. The evidence indicated moderate
confidence in the beneficial effect of exercises conducted longer
than 6 months (RR: 0.73, 95% CI [0.57-0.94], I%: 71%, Figure 7.1 in
DataS4). No data were available for the outcome fallers for this
intervention. Exercises performed with a higher frequency, that is,
three times or more often per week, showed no significant effect
on the number of falls or fallers (RR: 0.78, 95% Cl [0.58-1.05], I*:
82%, RR: 1.04, 95% Cl [0.89-1.22], I* 0%, Figures 9.1 and 9.2 in
DataS4). However, the confidence in this evidence was low or very

low. The pooled effect of exercise interventions from 10 studies,
comparing those that were performed with a lower frequency (i.e.,
less than three times a week) with control interventions, showed
a significant positive effect (RR: 0.78, 95% Cl [0.63-0.97], I?: 55%,
Figure 10.1 in DataS4), but the confidence in the evidence was
graded as low (Table 3). Figures 7.1-10.2 in DataS4 show meta-
analyses and forest plots of all pooled results relating to Table 3.

3.5 | Effects and GRADE profiles of exercise
interventions for special resident groups

Seven studies or subgroups of studies investigated exercise interven-
tions in special resident groups. The effects of exercise interventions
in residents with visual impairments were marginally non-significant

Rate ratio Rate ratio
Study or Subgroup log[Rate Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Buckinx 2014 0.1873 0.3572 3.7% 1.21[0.60, 2.43] B
Cadore 2014 -0.405 1.393 0.4% 0.67 [0.04, 1 0.23]
De Sure 2013 -0.3677 0.3676 3.6% 0.69 [0.34, 1.42] 2
Faber 2006 (IG 1+IG II) 0.1222 0.0885 9.2% 1.13[0.95, 1.34] &
Kerse 2008 0.0953 0.1376 8.1% 1.1 0[0.84, 1.44] i
Kovacs 2012 -0.6162 0.31 4.4% 0.54 [0.29, 0.99] -
Kovacs 2013 -0.2614 0.4171 3.0% 0.77 [0.34, 1.74] i
Lord 2003 —0.2485 0.1171 8.6% 0.78 [0.62, 0.98] =)
Mulrow 1994 0.2776 0.1678 7.4% 1.32[0.95, 1.83] iR
Nowalk 2001 (1G 11) -0.3285 0.2176 6.2% 0.72[0.47,1.10] ==T
Rolland 2007 -0.0101 0.1216 8.5% 0.99 [0.78, 1.26] E &
Rosendahl 2008 —-0.1985 0.3176 4.3% 0.82[0.44, 1.53] —wa]
Sakamoto 2006 -0.1985 0.1185 8.6% 0.82[0.65, 1.03] >
Schnelle 2003 —0.7765 0.1695 7.4% 0.46 [0.33, 0.64] ==
Schonfelder 2000 1.0006 0.3316 41% 2.72[1.42,5.21] -
Shimada 2004 -0.6349 0.4723 2.5% 0.53[0.21, 1.34] — e
Sihvonen 2004 —0.9163 0.4366 2.8% 0.40[0.17, 0.94] e
Wolf 2003 —0.2877 0.1869 6.9% 0.75[0.52, 1.08] =
Total (95% Cl) 100.0% 0.86 [0. 73, 1.02]
Heterogeneity: 72 = 0.07; 42 = 54.29, df = 17 (P < .00001 ); /? = 69% I t t t l
Test for overall effect: Z=1.73 (P =.08) 0.01 0.1 ) 1 . 10 100
Exercises No exercises

FIGURE 1 Forest plot of any kind of exercise intervention versus no exercise intervention, outcome rate of falls [Colour figure can be
viewed at wileyonlinelibrary.com]
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TABLE 2 GRADE profile: types of exercise interventions

Quality assessment No. of participants
Risk of Pooled Risk Rate/ Confidence
No. of studies Bias Inconsistency Indirectness Imprecision IG CG Rate Ratio (95% ClI)  in evidence

Multicomponent exercises vs. no exercises
Number of falls
13 Serious® Serious? Not serious Serious® 878 882 0.82(0.66-1.03) Very low
Fallers
4 Serious® Not serious Not serious Serious® 348 363 1.05 (0.87-1.25) Low
Hip fractures
12 Serious* Not serious Not serious Very serious® 87 96 0.16 (0.01-2.81) Very low
Single-component exercises vs. no exercises

Number of falls

8 Serious® Very serious® Not serious Serious® 933 859 0.81 (0.61-1.07) Very low
Fallers
5 Serious® Not serious Not serious Serious® 738 668 1.06 (0.87-1.29) Low
Exercises with balance-component vs. control
Number of falls
15 Serious® Serious? Not serious Not serious 1,153 1,022 0.79 (0.65-0.98) Low
Fallers
7 Serious® Not serious Not serious Serious® 698 593 0.98 (0.84-1.14) Low
Exercises with tai chi vs. no exercises
Number of falls
2 (pooled) Serious* Not serious Not serious Serious® 291 297 0.89 (0.71-1.11) Low
2 (non-pooled)®* N. sign. (p = .27,
no P)
Fallers
2 Very Not serious Not serious Very serious® 107 120 1.03 (0.58-1.81) Very low
serious’
Fear of falling
¢ Not Not serious Not serious Serious® 145 141 Sign. (p <.001) Moderate
serious
Quality of life
e Serious’ Not serious Not serious Very serious®® 22 11 N. sign. (no P) Very low
Exercises with technical devices vs. control
Number of falls
4 (pooled) Not Serious? Not serious Serious™ 177 157 0.55(0.30-0.99) Low
1 (non-pooled)® serious N. sign. (p = .41)
Fallers
3 Serious® Not serious Not serious Serious®! 66 49 0.79 (0.52-1.21) Low

Exercises with technical devices vs. control (without whole body vibration)
Number of falls
3 Serious® Not serious Not serious Not serious 65 48 0.39 (0.26-0.60) Moderate
Fallers
2 Serious® Not serious Not serious Serious™! 35 18 0.72 (0.43-1.19) Low
Guided exercises vs. self-training
Rate of falls
1f Serious’ Not serious Not serious Very serious’ 24 18 0.54 (0.36-0.82) Very low

(Continues)
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Leading

TABLE 2 (Continued)

Quality assessment

No. of participants

Risk of Pooled Risk Rate/ Confidence
No. of studies Bias Inconsistency Indirectness Imprecision 1G CG Rate Ratio (95% CI)  in evidence
Quality of life
1f Serious' Not serious Not serious Very serious’ 24 18 N. sign. (p > .05) Very low

Abbreviations: Cl, Confidence Interval; CG, Control Group; IG, Intervention Group; N. sign, not significant; P, P value; sign, significant.

?Rosendahl et al. 2008.

PNowalk et al. 2001.

‘Saravanakumar et al. 2014.

4Wolf et al. 2003.

¢Sitja-Rabert et al. 2015.

Tuuainen et al. 2013.

"High risk for detection and attrition bias.
2Heterogeneity (I? > 50 < 75%).

3Cl overlaps no-effect line.

“High risk for detection bias.

5Very broad CI.

Considerable heterogeneity I > 75%.

’High risk for detection, performance and attrition bias.
8No sample size calculation for that outcome.
“High risk for attrition bias.

Overy small sample size (pilot study).

"Broad ClI.

(RR: 0.54, 95% CI [0.30-1.00]). As this result was only derived from
one study with a small sample size (Kovacs et al., 2012), the confi-
dence in this evidence is very low. In frail residents (studies where
residents were defined as frail), the confidence in the evidence was
moderate for the substantially negative effect of exercise interven-
tions on the number of falls (RR: 1.17, 95% Cl [1.00-1.36], I?: 0%,
Figure 11.1in DataS4). Exercises in cognitively impaired residents did
not demonstrate significant effects (RR: 0.72, 95% CI [0.48-1.07], I%
81%, Figure 12.1 in DataS4). However, low confidence was assigned
to this evidence (Table 4). Detailed meta-analyses with forest plots
for the results in Table 4 are shown in Figures 11.1-12.1 in DataS4.

3.6 | Sensitivity analyses

In general, the pooled effect sizes from the higher quality stud-
ies were similar to those from all included studies, also showing a
comparable degree of heterogeneity. The rate of falls for multicom-
ponent exercises merely decreased to a level of significance in the
sensitivity analysis. However, this pooled effect size was still margin-
ally not significant when all studies were included. The results of the
sensitivity analyses are shown in Figure 1-5 in DataS5.

4 | DISCUSSION

As in other systematic reviews, our review provides some evidence
for the effectiveness of exercise interventions in older, long-term
care residents (Cameron et al. 2014, Lee & Kim, 2017), but only when
studies with frail residents are excluded. However, it must be con-
sidered that frailty is probably under-reported in the single studies

while interpreting this result, as only a few studies assessed frailty
and examined data of frail residents in particular. Exercise interven-
tions carried out with frail residents even were shown to lead to an in-
creased risk of falling. Frailty is a common characteristic of long-term
care residents (Bandeen-Roche et al., 2015) and this characteristic
is associated with low activity levels, reduced activation, and mobil-
ity disabilities (Bandeen-Roche et al., 2015; Overbeek et al., 2018).
These disabilities, combined with the offered exercise interventions,
may have led to physical overload, reducing the effectiveness of the
exercise interventions aimed at fall prevention. However, it is impor-
tant for frail older adults to do exercises to reverse or mitigate frailty,
preserve their quality of life, and restore independent functions
(Batt, Tanji, & Borjesson, 2013). Therefore, healthcare professionals
should take the increased risk for falling under consideration when
planning exercise interventions with frail residents.

We could not identify a preference for a single component
compared with multicomponent exercise interventions. A prefer-
ence for multicomponent exercises was only found when studies
with a high risk of bias were excluded (sensitivity analysis). It seems
as though the balance component is crucial for the success of ex-
ercise interventions for fall prevention. In their systematic review,
Lee and Kim (2017) also found significant beneficial effects for
exercise interventions only if they focused on balance exercises.
Exercise interventions, including balance training, can also have
significant, positive effects on the functional status and cognitive
performance of older people (Bouaziz et al., 2016). However, the
confidence in these pieces of evidence is low to very low, which
means that the true effect may differ substantially from the es-
timated effect. As more research is conducted, these results are

likely to change (Guyatt, Oxman, et al., 2013a). One reason for the
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TABLE 3 GRADE profile frequency/duration of exercise interventions

Quality assessment

No. of studies Risk of Bias Inconsistency  Indirectness

Exercises >6 months vs. control

Number of falls

5 Not serious Serious® Not serious
Exercises <6 months vs. control
Number of falls
14 (pooled) Serious? Serious® Not serious
2 (non-pooled)?
Fallers
10 Serious* Not serious Not serious
Exercises >23/week vs. control
Number of falls
11 Serious? Very serious® Not serious
Fallers
7 Serious* Not serious Not serious
Exercises <3/week vs. control
Number of falls
10 Serious* Serious® Not serious
Fallers
S Serious? Serious® Not serious

No. of
participants
Pooled Risk Rate/Rate ~ Confidence
Imprecision IG CG Ratio (95% Cl) in evidence
Not serious 603 586 0.73(0.57-0.94) Moderate
Serious® 1,211 1,044 0.83(0.65-1.05) Very low
N. sign. (no P, p = .41)

Serious® 1,132 983 1.04 (0.91-1.19) Low
Serious® 986 863 0.78 (0.58-1.05) Very low
Serious® 817 717  1.04(0.89-1.22) Low
Not serious 858 799 0.78 (0.63-0.97) Low
Serious® 315 266 1.05 (0.76-1.44) Very low

Abbreviations: Cl, Confidence Interval; CG, Control Group; IG, Intervention Group; N. sign, not significant; P, p value. Saravanakumar et al. 2014.

aSitja-Rabert et al. 2015.

"Heterogeneity (I > 50 < 75%).

2High risk for detection bias.

3Cl overlaps no-effect line.

“High risk for detection and attrition bias.
*Considerable heterogeneity I? > 75%.

very low confidence in the evidence was the serious or extremely
serious heterogeneity observed among the study results. This may
be the result of pooling kinds of exercise interventions that are
simply too diverse. Nevertheless, some abstraction is necessary
when pooling study results and the analyses were based on pre-
defined subgroups rather than on heterogeneity, as recommended
(Vaziri et al., 2016). Another reason for the reduced level of confi-
dence was the serious risk of bias and especially of detection bias,
in several studies that were included. The risk of detection bias
can be minimized by blinding (Guyatt, Oxman, Vist, Kunz, et al.,
2011e); however, this was, due to the nature of the intervention
and outcome, rarely possible.

Tai chi was found not to be effective for fall prevention, but low
confidence was assigned to this result. Other published reviews have
concluded that tai chi only has an effect in younger and more robust
older adults (Gregory & Watson, 2009; Harling & Simpson, 2008;
Low, Ang, Goh, & Chew, 2009). However, one high-quality study
showed that providing tai chi reduces the fear of falling, which led
to moderate support for the evidence regarding this outcome. This
study included residents in a transitional stage to frailty (residents

who did not meet the frail and vigorous criteria), which may be the
reason why the fear of falling could be decreased but not the rate of
falls (Wolf et al., 2003). Fear of falling was not defined as an outcome
in studies with other types of exercises where a focus was placed on
fall prevention, although fear of falling plays an important role in fall
prevention as predictor of further falls (Lavedan et al., 2018).
Furthermore, exercises with technical devices demonstrated
a significant effect with moderate support for the evidence. These
technical devices included a Wii Balance Board, a force platform with
visual feedback, and a bilateral separated treadmill (Fu et al., 2015;
Shimada et al., 2004; Sihvonen et al., 2004). More technical devices
are steadily finding their way in long-term care institutions. Vaziri et
al. (2016) showed that technology for fall prevention is well-accepted
and rated as easily usable by older people. However, little evidence for
the influence of these new technologies on the quality of life exists.
The results of our study show that exercise interventions with a vibra-
tion plate did not reduce the number of falls significantly (Buckinx et
al., 2014; Sitja-Rabert et al., 2015); instead, it even led to an increase
in the number of falls in the study performed by Buckinx et al. (2014).
The authors concluded that a single intervention might not have an
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TABLE 4 GRADE profile: exercise interventions for special resident groups
No of
Quality assessment participants
Pooled Risk Rate/ Confidence
No. of studies Risk of Bias  Inconsistency Indirectness Imprecision IG CG Rate Ratio (95% Cl) in evidence
Exercises in residents with visual impairments vs. no exercises
Number of falls
12 Serious® Not serious Not serious Very serious? 21 20 RR =0.54 (0.30-1.00) Very low
Exercises in frail residents vs. no exercises
Number of falls
3 Serious® Not serious Not serious Not serious 250 200 RR =1.17 (1.00-1.36) Moderate
Fallers
2 Serious® Not serious Not serious Serious 239 187 RR =1.25(0.97-1.60) Low
Exercises in cognitive impaired residents vs. no exercises
Number of falls
3 Serious® Very serious®  Not serious Serious* 165 167 RR =0.72(0.48-1.07) Very low

Abbreviations: Cl, Confidence Interval; CG, Control Group; IG, Intervention Group.

#Kovacs et al. 2012.

!Risk for detection and attrition bias.
2Broad Cl, small sample size.

3High risk for detection bias.

4Cl overlaps no-effect line.
5Considerable heterogeneity I > 75%.

influence on a multifactorial event such as falls. In another systematic
review, in contrast, whole body vibration was found to improve func-
tional mobility in older adults (Lam, Lau, Chung, & Pang, 2012).

The results of our study show that only exercise interventions
with a duration longer than 6 months reduce falls significantly.
Although these results are only based on five studies, this evidence
has moderate support. An RCT that was published after the study
period and, therefore, was not included in the study confirms this
result (Hewitt, Goodall, Clemson, Henwood, & Refshauge, 2018).
Furthermore, a recently published systematic review found that
exercise interventions that are sufficiently long-lasting have the
potential to improve gait abilities, which are protective factors if a
fall occurs, in nursing home residents (Arrieta, Rezola-Pardo, Gil,
Irazusta, & Rodriguez-Larrad, 2018).

GRADE provided us with a useful method, which we used to
effectively grade the evidence in our systematic review. It was
especially relevant and helpful in that it allowed us to handle the
heterogeneity and uncertainty present in study results. Clinical deci-
sion-makers assign importance not only to the estimate of the effect
but also the confidence in this estimate (Guyatt et al., 2008). This
was transparently and consistently assessed for all outcomes and in-
tegrated in the study results. Thus, clinicians can attach importance
to the implementation of effective interventions with moderate to
high confidence levels. Where low to very low confidence was as-
signed to the evidence, more research is necessary.

During the search for systematic reviews and inclusion of RCTs, we
noted some assets and limitations. While our literature search placed
a focus on studies extracted from a limited number of databases

over a limited timeframe, this method enabled us to include the most

relevant databases, languages, recent publication years, and sources
and helped us identify grey literature, thereby saving resources. The
data extraction and bias assessment, however, due to the nature of
the method used, placed a certain degree of trust in the expertise
of these authors. In addition, we did not control the definitions/tools
used by individual study authors to detect bias, although we pre-
sumed that this was heterogeneous among the reviews. We could use
the GRADE tool, however, to focus specifically on the overall quality
of studies with similar interventions and the same outcomes, which al-
lowed us to neglect any inconsistencies that may have occurred during
our quality appraisals. GRADE authors recommend suspecting a pub-
lication bias in addition to a risk of bias, imprecision, inconsistency,
and indirectness when the available evidence is derived from several
small studies, most of which have been commercially funded (Guyatt,
Oxman, Montori, et al., 2011d). As no commercially funded interven-
tions were investigated in this review, the publication bias was not
included in the evidence profiles. However, this limits the confidence
in the evidence, which might be lower, if we had evaluated publication
bias by performing and interpreting funnel plots for all meta-analyses.
As in the Cochrane Reviews, we pooled data when at least two com-
parable studies were available. Pooling a small number of studies with
the random-effect model is discussed controversially and Borenstein,
Hedges, Higgins, & Rothstein (2009) describe their concern that the
estimate of the between-study variance can be incorrect and that the
confidence interval can provide a false sense of assurance if a small
number of studies are pooled. However, in our study, the meta-anal-
yses with only two studies always had a low level of heterogenity and
the small number of studies was considered in our GRADE profiles by

lowering the confidence in the evidence.
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While preparing this manuscript, the Cochrane review on
fall prevention from 2014 was published in an updated version
(Cameron et al., 2018). Although some results are similar and,
therefore, offer more confirmation than the new results (e.g.,
the non-significant effect of exercises on the rate of falls), sev-
eral new pieces of knowledge were generated by our review. The
Cochrane meta-analyses included an investigation of institutions
with different levels of care, and we focused on special resident
groups. Furthermore, the analyses of the types of exercises dif-
fer. The other authors pooled, for example, two studies with ad-
ditional balance exercises and found a significant reduction in the
rate of falls, but the evidence was of low quality. As we included
all studies with a balance component, we could pool 15 studies
and achieved one level higher in the quality rating. Furthermore,
our review provides evidence for exercises interventions with dif-
ferent frequency and duration, unlike the Cochrane review. This
knowledge is particularly valuable for practitioners when planning
their exercise interventions.

5 | CONCLUSION

The results of our review are useful for clinical decision-makers,
helping them assess the performance of exercise interventions to
prevent falls. We are moderately confident that exercises carried
out with technical devices such as Wii Balance Boards have the po-
tential to reduce falls significantly. Currently, there is no sufficient
evidence for recommending tai chi for fall prevention, but these
kinds of exercises can help residents decrease their fear of falling.
To decrease the fear of falling, exercises with tai chi are recom-
mended. Exercises with a balance component showed promising
results, although only low support for the evidence is currently
available. More studies on these exercises may reveal more prom-
ising results. Interventions performed longer than 6 months were
shown to effectively reduce the numbers of falls and are recom-
mended in long-term care settings. Frail residents need special at-
tention if they are included in exercise intervention programmes, as
they are at increased risk of falling. In further RCTs, the character-
istics of the sample (e.g., cognitive state, frailty) should be reported
carefully and assessed with the tested instruments. This would
allow meta-analyses to be performed for special resident groups
and would presumably reduce the heterogeneity of study results,
which at the same time would strengthen the confidence in the evi-
dence. Future studies should additionally focus on the endpoints

fear of falling and quality of life.
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