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Abstract

Background: There is strong research evidence for falls prevention among older people in the community setting,
although most is from Western countries. Differences between countries (eg sunlight exposure, diet, environment,
exercise preferences) may influence the success of implementing falls prevention approaches in Asian countries
that have been shown to be effective elsewhere in the world. The aim of this review is to evaluate the scope and
effectiveness of falls prevention randomized controlled trials (RCTs) from the Asian region.

Method: RCTs investigating falls prevention interventions conducted in Asian countries from (i) the most recent
(2012) Cochrane community setting falls prevention review, and (ii) subsequent published RCTs meeting the same
criteria were identified, classified and grouped according to the ProFANE intervention classification. Characteristics
of included trials were extracted from both the Cochrane review and original publications. Where ≥2 studies
investigated an intervention type in the Asian region, a meta-analysis was performed.

Results: Fifteen of 159 RCTs in the Cochrane review were conducted in the Asian region (9%), and a further 11
recent RCTs conducted in Asia were identified (total 26 Asian studies: median 160 participants, mean age:75.1,
female:71.9%). Exercise (15 RCTs) and home assessment/modification (n = 2) were the only single interventions with
≥2 RCTs. Intervention types with ≥1 effective RCT in reducing fall outcomes were exercise (6 effective), home
modification (1 effective), and medication (vitamin D) (1 effective). One multiple and one multifactorial intervention
also had positive falls outcomes. Meta-analysis of exercise interventions identified significant benefit (number of
fallers: Odds Ratio 0.43 [0.34,0.53]; number of falls: 0.35 [0.21,0.57]; and number of fallers injured: 0.50 [0.35,0.71]); but
multifactorial interventions did not reach significance (number of fallers OR = 0.57 [0.23,1.44]).

Conclusion: There is a small but growing research base of falls prevention RCTs from Asian countries, with exercise
approaches being most researched and effective. For other interventions shown to be effective elsewhere,
consideration of local issues is required to ensure that research and programs implemented in these countries are
effective, and relevant to the local context, people, and health system. There is also a need for further high quality,
appropriately powered falls prevention trials in Asian countries.
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Background
Falls are recognized as a major cause of death and grow-
ing burden of disease world-wide [1, 2]. There has been
strong growth in the available research evidence from
randomized controlled trials investigating interventions
to reduce falls among older people living in the commu-
nity, with the most recent (2012) Cochrane review
reporting 159 studies with 79,193 participants [3]. How-
ever, data from several developed countries indicate that
despite this high volume of quality research, that key na-
tional indicators such as rates of falls related hospitaliza-
tions continue to increase (for example, in Australia,
trend data from 1999 to 2013 indicate an average 2% in-
crease in age-standardized fall related hospitalizations
per year) [4–6]. Importantly, if rates of fall related hospitali-
zations remain stable or increase, then with aging popula-
tions this means substantial growth in actual case numbers
of people being hospitalized due to falls (see Fig. 8.3 in [4]).
Population aging is occurring at differing rates between

countries [7]. Japan is the “oldest” country in the world,
with 26% of its population aged over 65 years [8]. Many
developed countries already have more than 15% of their
population aged greater than 65 years, [8] and are expected
to exceed 20% by 2050. In contrast, many developing
countries in Asia such as Malaysia, Thailand, Indonesia,
Cambodia, Vietnam and the Philippines have less than 10%
of their population aged more than 65 years [9, 10].
However, Asia is home to 60% of the world’s population,
[8] and has the fastest aging population of any region in
the world [11]. There is a need for a strong preventive ap-
proach to minimize the risk of falls and associated injuries
as countries’ aging populations grow.
The available research provides mixed evidence about the

magnitude of the problem of falls between countries. While
it is widely accepted from prospective, large scale represen-
tative samples in a number of Western countries that be-
tween 30 and 39% of the population aged greater than 65
will experience one or more falls in a 12 month period,
[12–14] the proportion of older people reporting falls in
the limited number of studies in Asian countries has gener-
ally been lower and considerably varied (14–34%, median
18%) [15–17]. Limitations to the design of most of these
studies in Asian countries include utilizing retrospective
data collection (recall of falls in the preceding 12 months),
and lack of representative sampling. There may also be
some cultural factors influencing whether or not a fall will
be reported by an older person, [18] which may contribute
to varying and under-reporting of falls outcomes.
Factors contributing to falls risk may also vary between

countries and cultures [18, 19]. Differences in intrinsic fac-
tors may include sunlight exposure, diet, stature, exercise
patterns and preferences, and knowledge and attitudes to-
wards ageing and falls prevention. For example, in a recent
qualitative study of older people in Thailand, falls prevention

was not noted as a perceived benefit of exercise, and some
family and cultural values were considered to be potential
barriers to older people becoming involved in exercise [20].
Another qualitative study in India reported that older people
often considered falls were random events, and not consid-
ered a health priority [21]. A study in China reported fatalis-
tic perceptions about falls being common among older
people, low levels of knowledge about falls prevention inter-
ventions were evident, and falls were often hidden from fam-
ily and doctors, and were not often discussed openly [22].
Differences in extrinsic factors also exist, including the home
and outdoor environment, and footwear [17, 21, 23]. Type of
housing and flooring surfaces vary substantially across Asia,
and outdoor environments such as footpaths are often
poorly maintained or non-existent. A study in China
highlighted environmental factors such as adequate lighting
on stairs and adequate step width as protective of falls (and
therefore poor lighting and narrow step width as risk factors
for falls) [17]. Additionally, there can be differences in health
services and systems, and engagement of older people in
these. Focus is often on treatment of acute health conditions,
and less on preventative care.
The growing evidence highlighting different rates of falls

and potential falls risk factors between countries raises the
question of whether interventions that have been shown to
be effective in one country may need some tailoring if being
introduced into countries that have considerable diversity
to the country where the intervention was shown to be ef-
fective. One recent scoping review has considered this issue
in the context of falls prevention studies that have been
conducted in South East Asian countries [23]. This review
reported some unique aspects of socioeconomic, geograph-
ical and cultural differences of South East Asian countries,
and identified limited quality research investigating falls
prevention interventions in this region. However, the ma-
jority of the studies reported were non-randomized trials,
studies were limited to only South East Asian countries,
and there was no quality assessment of the included stud-
ies. The objective of our systematic review paper was to re-
view the randomized controlled trial research evidence
conducted among older people living in the community
across the Asian region to identify (1) the type and number
of falls prevention interventions shown to be effective in
Asian populations; and (2) gaps for future research investi-
gating falls prevention interventions in Asian countries.

Methods
The 2012 community setting falls prevention Cochrane re-
view was used as the basis for this review as it is the most
recent and extensive systematic review and meta-analysis
available on this topic [3]. Studies in the Cochrane review
were categorized as to whether the study was undertaken
in an (i) Asian, or (ii) non-Asian country. Additionally, a
systematic review of the falls prevention literature published
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since the 2012 Cochrane review was also conducted, to
identify more recent falls prevention RCTs conducted in
the Asian region. This update component was guided by
the Additional file 1: PRISMA checklist to ensure the
results are reported systematically [24].
Intervention types were classified according to the

Prevention of Falls Network Europe (ProFaNE) classifica-
tion as (i) single interventions, (ii) multiple interventions
(two or more single interventions, applied to all partici-
pants), and (iii) multifactorial interventions (two or more
interventions, targeted to an individual’s risk factor profile,
often based on a falls risk assessment process – different
participants receive a different mix of interventions) [25].
Single interventions were further classified as described in
the ProFANE classification as (a) exercise, (b) medication,
(c) psychological, (d) environmental/assistive technology,
(e) interventions to increase participant knowledge, (f)
surgical interventions (eg cataract surgery, cardiac pace-
maker surgery), (g) interventions to address incontinence,
and (h) fluid or nutritional therapy. This intervention clas-
sification system was used in the 2012 Cochrane review,
[3] and was also used to classify the more recent RCTs.

Eligibility criteria for RCTs published since 2012 Cochrane
review
The additional studies included in this review met the fol-
lowing eligibility criteria: peer reviewed articles published
from January 2012 – November 2016; studies undertaken
in Asia; randomized controlled trials; people aged 60 years
and over – at least 50% of the sample; living in the
community, and reporting at least one falls outcome.

Information sources for additional RCTs
Studies were identified from six databases: Medline (Pro-
quest), CINAHL, PubMed, PsycINFO, SPORTDiscus and
Scopus for the time period described above. Reference lists
from the included articles were also scanned. Only papers in
English were included, no unpublished data, conference pro-
ceedings, books, poster abstracts or theses were included.

Search strategy for additional RCTs
The search strategy used a mix of keywords which could
be identified in the title and/or abstract. The search
strategy included fall* [Title/abstract] AND communit*
[Title/abstract] AND RCT [Title/abstract] OR randomi*
controlled trial [Title/abstract]. There were differences
between the databases for language and syntax, and
where this occurred only the abstract was searched.

Study selection for additional RCTs
Study selection was a three-stage process, stage one in-
volved one author (KF) screening all of the additional
identified papers based on their titles; stage two involved
screening abstracts according to the eligibility criteria;

and stage three involved two independent researchers
(KF and EB) screening full articles. Where disagreements
occurred the two researchers discussed the reasons for
their decision, referring back to the eligibility criteria
throughout the process, until they reached consensus.

Data collection process
Characteristics of the intervention programs undertaken in
Asian countries were retrieved from original publications
independently by two of the researchers (KH and EB/KF).
Comparing characteristics of the interventions (eg for exer-
cise – type, duration, frequency) provided an opportunity
to explore factors that may have contributed to the success
or failure of different interventions in Asian populations.

Study quality assessment for additional RCTS (post 2012
Cochrane review)
The Cochrane Collaboration’s risk of bias tool [26] was
used by two researchers (KF and EB) independently to as-
sess methodological quality of each paper (study quality of
the Cochrane review papers can be accessed in the
Cochrane review). Categories assessed by the tool include
sequence generation, allocation concealment, blinding
(staff, participants and outcome assessors), incomplete
outcome data, selective outcome reporting and other
sources of bias [26]. Risk of bias was assessed as “low risk”,
“medium risk” or “high risk” [26]. Where disagreement
occurred between the two assessors a third assessor (EJB)
also assessed those domains, discussed with the two inde-
pendent assessors their outcomes and came to a
consensus.

Analysis
Extracted data from all the Asian studies were tabulated,
and overall sample demographics and characteristics of
the interventions undertaken in Asian countries summa-
rized, to assist in interpretation of the primary outcomes.
The primary analyses for this paper involved meta-analysis

of falls outcomes (e.g. number of falls) by intervention type
(according to the ProFaNE classification) where there were
two or more randomized controlled trials conducted in
Asian countries with comparable data.
For the meta-analyses, number of participants and

events (falls, fallers, non-injurious falls) for each group
were sourced from all original articles (including
Cochrane review articles). RevMan 5.3 software was used
to conduct the analyses and generate the forest plots,
using a Mantel-Haenszel’s fixed effect model (with odds
ratios and 95% confidence intervals calculated) [27].
Visual inspection of the forest plots and the I2 statistic
were used to assess heterogeneity. When heterogeneity
was deemed as high (I2 > 50%) a random effects model
was applied. Where a study had two intervention groups
and one control group, the intervention groups (i.e.
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dichotomous data) were summed (as recommended by
Cochrane) for both the outcome (e.g. number of falls) and
the sample size independently [27]. Subgroup analysis was
undertaken where two or more programs/services within
the intervention type could be grouped, for example Tai
Chi within exercise interventions. Studies with group
differences in baseline characteristics were omitted. Statis-
tical significance was considered at p ≤ 0.05. Some studies
reported more than one single intervention arm compared
to a control arm. In these cases, if separate falls data were
reported for each of the single interventions, then these
were reported separately in the tables and meta-analyses.

Results
Of the 159 randomized controlled trials reported in the
2012 Cochrane review [3], 15 (9%) were conducted in
Asian countries (Japan, n = 6; [28–33] Taiwan n = 6;
[34–39] Thailand, n = 2; [40, 41] and China/Hong Kong,
n = 1 [42]). The remaining 144 published randomized
trials were from non-Asian countries, including the
United States of America (n = 34, 21%), Australia (n = 27,
17%), the United Kingdom (n = 27, 17%), Canada (n = 12,
8%), the Netherlands (n = 9, 6%), New Zealand (n = 6, 4%),
Germany (n = 6, 4%), and other parts of Europe (n = 16,
11%). Several other studies were conducted across two or
more countries (n = 4), although none of these included
countries in Asia. Table 1 reports the number of random-
ized trial interventions classified by ProFaNE classification
type, between Asian and non-Asian populations.
An additional 11 RCTs were identified that were con-

ducted in Asian populations, met the inclusion criteria for
the community based falls prevention Cochrane review,
and were published after the 2012 Cochrane review (Japan
n = 6; [43–48] Taiwan n = 2; [49, 50] and China/Hong
Kong, [51] Malaysia [52] and Singapore [53] n = 1 each).
See Fig. 1 for study selection flowchart to identify papers
after 2012. Seven of the additional studies published since
the 2012 review were exercise interventions.
Combining the Asian studies in the 2012 Cochrane

review and subsequent Asian RCTS, the only single inter-
vention types that had more than one randomized
controlled trial conducted in Asia were exercise (n = 15),
and environment (home hazard assessment and modifica-
tion, n = 2 [38, 48]). There were also five multiple interven-
tion studies [34, 37, 41, 50, 53] (two with two or more
single intervention arms included as separate single inter-
ventions in the single intervention analyses [34, 37]) and
four multifactorial intervention studies conducted in Asia
[35, 36, 39, 40].

Samples
Overall, the sample size for the studies in Asia included in
the 2012 Cochrane review were relatively small (median
150, minimum 52, maximum 1043) (Table 2), whereas for

the full Cochrane review [3], the median sample size
across all randomized trials irrespective of where the trial
was conducted was 230 (minimum 10, maximum 9940).
The more recent Asian randomised controlled trials (pub-
lished since the Cochrane review) have been substantially
larger than those pre-2012 (median sample size 196, mini-
mum 68, maximum 710). The samples were mixed in terms
of the age inclusion criteria, with two studies including
people aged over 50 years [28, 52], five had samples aged
≥60 years [37, 39, 41, 49, 51], 14 had samples aged ≥65 years
[29, 32–36, 38, 42, 44, 45, 47, 48, 50, 53], three samples were
aged ≥70 years [30, 40, 46], one sample was aged ≥73 years
[31], and one sample was aged ≥75 years [43]. The average
age of participants across the included studies in Asia was
75.1 years, and samples were on average 71.9% female (five
studies had female only samples [29–31, 46, 51]).

Intervention types
Table 1 reports details of individual intervention types
conducted in Asia relative to the rest of the world, while
Table 2 summarizes the main characteristics of the trials
conducted in Asia, grouped by intervention type, includ-
ing details of whether or not the intervention was effective
in reducing the rate of falls or number of people falling.

Single interventions
Exercise interventions
Fifteen trials from Asia reported results for an exercise
intervention as a single intervention, with only six
reporting one or more positive fall related outcomes
[31, 42–44, 46, 49]. The exercise trials generally had small
sample sizes (60% n < 70, median sample size n = 105).
Three of the effective exercise programs used Tai Chi (20%
of all exercise trials) either as the sole intervention [42, 49]
or combined with other balance and strength exercises
[31]. In contrast, only five of the 51 (10%) exercise trials
from the 2012 Cochrane review conducted outside of Asia
involved Tai Chi. The other effective exercise approaches in
Asian studies used an obstacle course [43], a multi-target
stepping program [44], and a group balance and strength
training program [46]. Only one of the ineffective exercise
trials used Tai Chi, [34] other ineffective programs used
home programs, [29, 38, 52] group programs (balance [47]
or multimodal [45]), a group exercise program combined
with trail walking, [33] combined group and home based
program, [28] and a square stepping program [32]. Effective
exercise programs ranged from 24 to 52 weeks duration,
and had from 1 to 8 times per week of recommended exer-
cise (included both supervised and home-based sessions).
In a separate review, Sherrington and colleagues

reviewed 54 randomized controlled trials evaluating ex-
ercise interventions to reduce falls, and identified several
key criteria that appeared to differentiate effective from
ineffective falls prevention trials [54]. Two of the key
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criteria related to: (1) the exercise intervention having a
moderate to high challenge to balance; and (2) a mini-
mum of 50 h overall exercise dosage. Of the six effective
exercise trials in Asia, four (67%) met both of these cri-
teria [31, 42, 46, 49]. The other two effective exercise
studies [43, 44] met the “challenge to balance” criteria,
but involved substantially less than the 50 h duration.
Three of the ineffective exercise studies met both of
Sherrington’s criteria, but were likely to be

underpowered (sample sizes of 57 [29], 68 [52] and 93
[47]). Most of the remaining ineffective exercise inter-
ventions did not meet the dosage criteria, although the
majority met the balance challenge criteria. Although
adherence to the exercise programs was reported in ten
of the studies, the method of reporting was variable,
making comparisons difficult. The study by Huang and
colleagues reported high attrition in the Tai Chi group
(52%) over the five month intervention [34]. All except
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two of the studies reported significant improvements in
the secondary balance, strength, or mobility related mea-
sures in the exercise intervention relative to the control
group [34, 42].

Medication interventions
Medication interventions can include approaches to re-
view or reduce medications overall, or specifically target
high risk medications such as psychotropic medications;
or provide supplementation to improve fall related out-
comes [3]. Only one Asian study investigated a medica-
tion related intervention, by evaluating the effect of two
years supplementation with vitamin K2, vitamin D2 and
calcium, compared to usual care, in older women with
probable Alzheimer’s disease [30]. There was no effect
on falls outcomes, but a significant reduction in frac-
tures in the medication intervention group.

Psychological interventions
One study investigated the effectiveness of Cognitive
Behavioral Therapy (CBT) alone, and in combination
with Tai Chi, relative to a control group receiving usual
care [37]. Neither CBT alone or combined with Tai Chi
reduced falls outcomes. CBT alone did not result in
significant improvements in any secondary measures,
including falls efficacy, relative to the control group (see
multiple interventions for outcomes for the combined
Tai Chi and CBT intervention group).

Environment/assistive technology interventions
Two studies investigated home assessment and modifi-
cation interventions. In a Japanese study, Kamei et al.
evaluated the effect of a home hazard checklist and a
training program on home hazard awareness for older
people, superimposed on a multifactorial assessment and
intervention program received by both the intervention
and control group (both groups received a falls risk fac-
tor education program, exercise, blood pressure review,
and physical and cognitive assessments) [48]. Although
the intervention group significantly increased their falls
prevention awareness and home modifications imple-
mented, there was no significant reduction in falls. An-
other randomized trial in Taiwan compared a home
assessment and modification intervention against an
education intervention, and an exercise intervention
[38]. The home modification program was conducted by
a public health worker, and involved a standard assess-
ment, provision of 14 standard, inexpensive modifica-
tions (eg removal of loose mats, marking of step edges,
rectification of poor lighting), and recommendations re-
garding another 14 modifications if required. Although
the home safety assessment and modification interven-
tion was reported by Lin et al. [38] as not achieving a
significant reduction in rate of falls, the reduction was

significant in the Cochrane review analysis [3]. There
was no information provided about the range of add-
itional recommendations made, nor the level of adher-
ence with the implemented or recommended home
modifications.

Knowledge interventions
One randomized trial from Taiwan investigated the ef-
fect of knowledge based interventions provided to older
people on reducing risk of falls [34]. The education
intervention involved five one hour group education ses-
sions over five months, targeting separate important risk
factors at each session [34]. While the intervention
achieved improved knowledge about falls risk, there was
no reduction in falls outcomes.

Other single interventions
There were a number of additional interventions that
have been shown to be effective in reducing falls, falls
risk or falls injuries in the 2012 falls prevention in the
community setting Cochrane review, which have not
been investigated in any randomized controlled trials in
Asian countries [3]. These include (a) medication pre-
scription review; and high-risk medication withdrawal
(eg psychotropic medications); (b) cataract surgery (first
eye); (c) changing from bifocal or multifocal glasses to
distance glasses for outdoors mobility; (d) cardiac pacing
surgery (for carotid artery hypersensitivity); and (e)
footwear (anti-slip shoe device for icy conditions).
Vitamin D supplementation, which was considered ef-
fective in reducing falls in at-risk populations by the
Cochrane review, has also not been evaluated for its
effect on falls in Asian populations as a single vitamin
supplement (Sato and colleagues evaluated supple-
mentation of vitamin K2, vitamin D2 and calcium as
a single intervention) [30]. Some of these interven-
tions may be inappropriate in many parts of Asia (eg
anti-slip shoe device for icy conditions). However, the
other intervention types are likely to have direct or
perhaps modified applicability for older people in
Asia.
One recent trial in Asia has been classified as “Other”

under the single intervention studies – an 18 month in-
vestigation of low-magnitude high-frequency vibration
program in post-menopausal women in China/Hong
Kong (n = 710) [51]. Vibration interventions often
utilize exercises while performing vibration, [55] and so
may be classified under exercise interventions, however
the study by Leung and colleagues had participants
standing with straight knees on the vibrating platform
for the duration of the vibration procedure (20 min/
session). The group receiving the vibration therapy
had significantly reduced Hazard Ratio for the
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combined outcome of “falls or fractures” ([0.56, 0.40–
0.78, p = 0.001).

Multiple interventions
Five randomized controlled trials evaluated the effect
of a multiple intervention approach to reducing falls
[34, 37, 41, 50, 53]. Only one of the trials was effect-
ive, providing education (brochure targeting a number
of important falls risk factors) and free access to a
geriatric clinic as required for the intervention group
[41]. Although effective, no details were provided
about the uptake, type of interventions, or adherence
to recommended interventions for the intervention
group. The ineffective interventions included a
combined Tai Chi exercise program and education
program (each of these two components were also
evaluated in isolation); [34] a combined Tai Chi and
Cognitive Behavioral Therapy program; [37] a
strength, balance, and fitness exercise program com-
bined with health education, home assessment and
modification, medication review, and ophthalmology
or other specialty consultations; [50] and a factorial
design study with participants receiving one or more
of nutrition, exercise, and cognitive training interven-
tions [53]. Tai Chi was shown to be an effective exer-
cise intervention to reduce falls when used as a single
intervention in three Asian studies, [31, 42, 49] and
in non-Asian countries [3]. In both of the ineffective
multiple intervention studies incorporating Tai Chi,
the Tai Chi component did not incorporate the 50 h
of exercise recommended to improve likelihood of
achieving a significant reduction in falls [54].

Multifactorial interventions
Four of the randomized controlled trials conducted in
Asia utilized a multifactorial falls prevention interven-
tion [35, 36, 39, 40]. Two of these targeted a high-risk
population (patients with hip fracture returning home
after surgery), and utilized improved discharge plan-
ning and post discharge follow-up, including home
visit/s [36, 39]. The study by Shyu and colleagues also
incorporated a strong interdisciplinary care model pre
and post-surgery [39]. The trial conducted by Jitapunkul
and colleagues utilized a regular (three monthly) home
visit health screening process by a non-health professional,
with subsequent referral to a nurse or geriatrician if there
was recent functional decline or ≥1 fall in the preceding
three months. Similarly, the study by Huang and Acton
utilized a targeted falls risk brochure, followed up by tar-
geted risk factor management support by a visiting nurse
(focussing on medication and home safety) [35]. Only the
trial by Shyu and colleagues was effective in reducing falls
in the intervention group [39].

Quality of the studies
Risk of bias was reported for all studies published in the
2012 Cochrane review. The Cochrane Collaboration’s
tool for assessing the risk of bias was used to evaluate
quality of the RCTs published since Gillespie et al.’s
Cochrane review. Most of the recent studies had low to
medium risk of bias (Table 3). Two studies had low risk
of bias across all domains, [49, 52] with all the other
studies having at least one section that was unclear (au-
thors did not provide enough evidence). The only high
risk of bias was for sequence generation and blinding in
the study by Ohtake et al. [45] because participants were
categorized by the day of the week and they did not
blind the participants, personnel or outcome assessors.
The risk of bias for the studies was viewed as low to
medium due to sections of data in a number of the
categories not being available, and are known to be
essential for conducting high quality RCTs (blinding,
allocation concealment).

Meta-analyses
For intervention types with two or more studies from
the Asian region with comparable data available, a meta-
analysis was conducted. Only the exercise (n = 15) inter-
vention of the single interventions, and the multifactorial
interventions (n = 4) were included in the meta-analyses
(Fig. 2). The Ashari et al. study [52] was not included in
the exercise meta-analysis due to significant differences
between the groups at baseline. Woo and colleagues [42]
had two intervention groups and therefore dichotomous
(outcome and sample) data for the intervention groups
only were combined, as described in the methods.
Results from the meta-analysis indicate that exercise
achieved significant reduction in number of fallers (OR:
0.43 [0.34–0.53]), number of falls (OR: 0.35 [0.21–0.57])
and number of fallers injured (OR: 0.50 [0.35–0.71]).
Heterogeneity was at appropriate levels for the exercise
intervention meta-analyses.
A separate subgroup meta-analysis was conducted for

the Tai Chi exercise interventions. Results indicated Tai
Chi achieved significant reduction in the number of falls
(OR: 0.24 [0.13–0.47]) and number of fallers (OR: 0.46
[0.30–0.70]), although it must be noted that there was
high heterogeneity for the number of fallers (I2 = 67%)
and therefore these results should be used with caution.
Separate subgroup analysis was not able to be under-
taken for the two home exercise program studies due to
the Ashari and colleagues study [52] having differences
at baseline discussed previously. No other sub-group
analyses were possible.
The meta-analysis of the multifactorial interventions

did not reach significance for number of fallers (OR:
0.57 [0.23–1.44]). Although there were two home assess-
ment and medication trials, they reported different falls
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outcome data, so meta-analysis was not able to be per-
formed. Similarly, for the falls risk outcome for the
multifactorial intervention classification, there were not
two studies reporting this outcome to allow meta-
analysis. Similar to the Cochrane review, meta-analysis
of the multiple interventions was not possible because of
the diversity of the intervention types combined as mul-
tiple interventions.

Discussion
Falls among older people remain a major public health
problem world-wide. Substantial inroads are being made,
with growing research evidence of single, multiple and
multifactorial interventions being effective in reducing
falls. However, the results of this focussed review of the
subgroup of falls prevention randomized trials for the
community setting conducted in countries in Asia,

Table 3 Quality of the studies

Study Sequence
generation

Allocation concealment Blinding Incomplete outcome data Selective outcome reporting Free of other bias

Ashari et al. 2016 + + + + + +

Hirase et al. 2015 ? + ? + + ?

Hwang et al. 2016 + + + + + +

Kamai et al. 2015 ? ? ? + + ?

Kim et al. 2014 + ? + + + ?

Lee et al. 2013 + + ? + + ?

Leung et al. 2014 + + + + + ?

Ng et al. 2015 + + + + + ?

Ohtake et al. 2013 – ? – ? + ?

Yamada et al. 2012 + + ? ? + ?

Yamada et al. 2013 ? ? + ? + ?

Note. Bias was scored as low risk (+), or high risk (−) or unclear (?). [26]

a

b

c

d

e

f

Fig. 2 Meta-analyses of intervention types that included two or more interventions from the Asian region. a. Number of fallers – Exercise, b.
Number of falls – Exercise, c. Number of fallers injured - exercise, d. Number of fallers – exercise using Tai Chi, e. Number of falls – exercise using
Tai Chi, f. Number of fallers – Multifactorial Interventions
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where 60% of the world’s population live, indicates
substantial gaps. Not only has there been limited falls
prevention research conducted in Asian countries, but
where studies have been conducted, sample sizes are
generally small, and only 11 of the 30 interventions
evaluated in the 26 studies in Asia achieved a significant
reduction in one or more falls outcomes (37%). The
meta-analysis results where more than one study was
able to be pooled for an intervention type (exercise and
multifactorial interventions) indicated that only exercise
was effective in reducing falls in Asian populations.
Exercise is by far the most researched intervention

type in Asian countries (as it is world-wide), with over
half of the studies reported having an exercise compo-
nent. Not surprisingly, Tai Chi was commonly investi-
gated, and was effective in reducing falls outcomes in
three studies in Asian countries, and in the sub-group
meta-analysis. Although Tai Chi has been shown to be
acceptable [56] and to reduce falls-related outcomes in
non-Asian countries, [3] it does seem to be a preferred
exercise approach for investigation and implementation
in Asian countries. Adherence to the successful Tai Chi
programs conducted in Asia was high (75–81%), though
similarly high adherence to Tai Chi has been reported in
studies conducted in other countries (68–80%) [57, 58].
Of note though, nine of the 15 studies investigating
exercise in Asian countries were not effective, and the
majority of these did not meet the criteria recommended
by Sherrington [54] to be likely to be effective in redu-
cing falls (having a moderate challenge to balance, and
minimum of 50 h exercise dosage). Three studies that
did meet these criteria were not effective, but were sub-
stantially underpowered to identify a reduction in falls
related outcomes [29, 47, 52]. Other exercise approaches
that were effective in single studies were an obstacle
course, [43] a multi-target stepping program, [44] and a
group balance and strength training program [46].
In an updated meta-analysis by Sherrington published

around the time of this paper’s publication, more strin-
gent dosage criteria (greater than three hours per week)
were identified as achieving the greatest benefit in redu-
cing falls (23% reduction) [59]. Higher exercise dosages,
and sustained exercise (lifelong behaviour change) are
clearly more desirable. However, low levels of sustained
participation have been reported in falls prevention exer-
cise programs, [60] suggesting that strategies such as
starting off with lower dosages and gradually building
up, and embedding behaviour change elements into
exercise programs to support sustained and increased
participation may be required to achieve this high dos-
age. Future exercise studies should aim to adopt a
method that meets the updated Sherrington criteria
while being culturally relevant, as well as being ad-
equately powered for falls outcomes.

These results have substantial implications for falls pre-
vention research and practice in Asia. It is often assumed
that interventions shown to be effective in randomized tri-
als or meta-analyses in one country will be generalizable
elsewhere. However, researchers in the falls prevention
area, [23, 61] and in other areas of health (eg hepatocellu-
lar carcinoma) [62] have called for local research in Asian
and or developing countries to address key gaps and dif-
ferences. In this context, recent research has also
highlighted the diverse range of factors that may compli-
cate or reduce likely effectiveness of directly translating
falls prevention approaches found to be effective in non-
Asian countries into Asian countries [18, 19, 23]. Some of
these differing factors include: (1) role of family (including
filial piety); (2) indoor (including floor surfaces) and out-
door environments; (3) regularly worn footwear in many
parts of Asia differ from what is considered the ideal foot-
wear for falls prevention; (4) lifestyle factors such as inci-
dental and formal exercise approaches that are routine
and acceptable, diet, and sunlight exposure; (5) health ser-
vices and systems, and patient expectations of specific
health practitioners; (6) differing understanding of preven-
tion and active engagement in prevention and interven-
tion approaches; and (7) differences in concern about falls
influencing behaviours [23, 61, 63, 64].
Given the factors outlined above, direct translation of

interventions from non-Asian studies to Asian countries
may warrant careful consideration. There are a number
of implications for researchers, practitioners, policy and
planning personnel, and research funders who may be
involved in future falls prevention research in Asia.
Firstly, in the area where the meta-analysis of Asian
studies indicated effective interventions (Tai Chi and
other exercise approaches), and where there is at least
one effective randomized trial (home modifications,
multiple and multifactorial interventions), that these
interventions could be considered for broader imple-
mentation into practice. Two other interventions were
shown to be effective in special populations: vitamin K2,
vitamin D2 and calcium supplementation for women
with probable Alzheimer’s disease; and a multifactorial
intervention for post hip fracture surgery patients. Even
in these areas where there is some evidence of effective-
ness, there is a need for research with larger samples (as
the majority in this review were small samples, which
limits the rigor and confidence in study findings).
Furthermore, in areas like exercise, the different exercise
intervention types (other than Tai Chi) have been
grouped together in this review (because of the small
number of studies), so there remains scope for further
research exploring other exercise modalities, particularly
those that may be most acceptable to Asian populations.
Secondly, for other areas of practice where there is re-

search evidence of effective interventions in non-Asian
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populations but not in Asian populations, a number of
options are available. For those interventions where re-
search has been conducted in Asian countries but was
not shown to be effective (eg knowledge/education inter-
ventions, and psychological interventions) there is a
clear need to review these unsuccessful methodologies
in the context of local factors that may influence their
uptake and effectiveness. For example, critical elements
to a successful falls prevention education program in-
clude that participants understand that falls are prevent-
able, and that changes in behaviour, even at later ages,
can still improve risk of future falls. However, research
indicates that in some Asian cultures (eg China), fatalis-
tic beliefs about falls is a major barrier that would need
to be overcome [22]. Researchers and practitioners need
to undertake research to improve understanding of these
beliefs, and strategies that may influence these beliefs.
Recent research in Australia has shown a World Café
approach to be valuable in informing understanding of
factors that would influence uptake and sustained en-
gagement in falls prevention among older people, [65]
and these factors have been introduced into a peer edu-
cation program that was effective in increasing intention
to engage in falls prevention activities [66]. Innovative,
culturally relevant approaches to understanding these
factors in Asian countries, and approaches to achieve
sustained behaviour change (which may include these or
other culturally relevant approaches) are foundational to
achieving improved falls related outcomes. In using re-
sults from these type of local studies, practitioners can
implement these interventions in a blended manner that
retains as much of the original intervention approach as
possible, but with local tailoring. For other types of falls
prevention interventions that have not been investigated
in Asian samples (eg medication review/reduction) there
would be merit in establishing local factors as described
above, prior to researchers in Asia seeking funding for
local research to evaluate a culturally tailored interven-
tion’s effectiveness in reducing falls or falls injuries. In
the context of medication review, inclusion of traditional
and herbal medicines (which are widely used in some
Asian countries), as well as interactions with pharmacy
medicines would be important considerations. There
may be value for this research to be collaborative with
researchers who have implemented effective randomized
controlled trials in non-Asian countries.
Finally, there may be other novel, locally relevant

intervention types that have not been researched, that
may warrant funding being sought for these interven-
tions to be evaluated in an Asian context.
For the purposes of this research we have grouped

countries under the broad umbrella classification of
“Asia”, however it is important to recognize that there is
considerable diversity between some of the countries in

Asia, and even within some countries (for example, in
Malaysia where there are three significant ethnic popula-
tions), or between urban and rural populations, where so-
cioeconomic and other differences in some Asian
countries can be stark. Specific understanding of local,
cultural and societal factors that may influence acceptabil-
ity of interventions need to be considered when imple-
menting falls prevention interventions in Asian countries.
Although we have identified only a relatively small

number of randomized controlled trials investigating
falls prevention approaches in Asian countries, there ap-
pears to be a steady growth in the number, size and
quality of the studies published more recently (since the
2012 Cochrane review) [3]. There are also two protocol
papers published for studies that are underway in Asia,
including a multifactorial intervention for older people
with recent history of falls or injuries from falls in
Malaysia (n = 300), [67] and an evaluation of the use of
exercise using Nintendo® Wii in Singapore (n = 80), [68]
that will add to the small but growing volume of falls
prevention research in this region. Of note, a number of
the more recent studies are substantially larger than the
median sample size of 150 for studies from Asian coun-
tries reported in the Cochrane review, which strengthens
confidence in the study findings. However, the majority
focussed specifically on exercise interventions only, and
all were from more well developed countries in Asia.
There were several limitations to this review. A mod-

erate limitation given the focus of this review on studies
conducted in Asian countries is that only studies pub-
lished in English have been included, therefore some
Asian studies published in languages other than English
may not have been identified. Another limitation is the
varying falls outcomes published, which did not allow
for additional meta-analyses to be undertaken. It would
be beneficial for future falls prevention studies to include
standardized outcomes to make direct comparisons and
meta-analyses possible.

Conclusions
In summary, this focussed review of community setting
falls prevention randomized controlled trials conducted in
Asia found limited evidence of a small number of effective
intervention types, relative to the strong evidence across a
range of intervention types from non-Asian countries. Ex-
ercise approaches have had the strongest level of investi-
gation, and several exercise approaches, in particular Tai
Chi, have been shown to be effective. There is a need for
substantial investment in large, adequately powered ran-
domized controlled trials evaluating falls prevention inter-
ventions across Asia, in particular that incorporate
tailoring of intervention approaches to the local Asian
context, in order to reduce the projected escalating impact
of falls in this rapidly aging part of the world.
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