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Falls are the leading causes of unintentional fatal injury occurring in the elderly worldwide. Various
functional variables of instrumental tests have been used to evaluate the risks of falls. However, such
tests are usually difficult to perform in the elderly and limited to environmental conditions. This study
was to review whether the simple and equipment-free assessments could efficiently identify the func-
tionally independent elderly to be fallers or non-fallers. PubMed and Scopus electronic databases sys-
tematically searched before March 2020 were included in this review. Studies were selected if they
focused on the elderly aged over 65 years who can walk without assistance, adopted assessments
without the need for equipment, and reported quantified assessment variables. The significance test-
ing, sensitivity, specificity, receiver operating characteristics were evaluated. The quantitative data pos-
sible for meta-analyses were pooled to calculate the 95% confidence interval and heterogeneity among
studies. Fifteen studies were selected for systematic review, of which nine were for meta-analysis. Ten
assessment tests were identified. Seven of them revealed a significant difference (generally p < 0.05)
between the fallers and non-fallers but did not come with high sensitivity or specificity. Three conclu-
sive assessment tests to identify the fall risks through the meta-analysis were the alternate step, func-
tional reach, and tandem stance tests. In conclusion, although most assessment tests demonstrated a
significant difference between the fallers and non-fallers, the performance of tests for predicting fallers
was less promising. The alternate step, functional reach, and tandem stance tests could be evidenced as
reliably tests used in clinics or communities.

Copyright © 2021, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Introduction

Fall is one of the top leading causes of unintentional fatal injury
occurring in the elderly persons worldwide.! The falls in the elderly
usually attribute to the age-related decrease of control of postural
stability and link to the deteriorated muscle strength or neuromus-
cular efficiency.2 The guideline of full prevention from the ortho-
paedic surgeons panel suggested that not only intrinsic (subject-
related) but also extrinsic (environment-related) and behavioral
(activity-related) factors should be taken into consideration when
identifying the risks of falls.® Nevertheless, there is still a lack of con-
sensus to date regarding the choice of a convenient and inclusive
evaluation tool to early detect the potential faller.

Functional variables from various instrumental tests have been
used to evaluate the risks of falls in elderly, such as the posturogra-
phic performance during static/dynamic balance tests, spatiotem-
poral and kinematic parameters during the gait evaluation,’ and
ground reaction force during the sit-to-stand tests.® However, per-
forming instrumental tests requires dedicated equipment and li-
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mited to laboratory environment conditions that could expel pos-
sible applications in daily life. The laboratory equipments facilitate
high-standard accurate measurements at the cost of poor accessi-
bility and efficiency. On the contrary, various fall risk assessment
batteries are easy to use in clinics or community, and are of great
value as regular assessment tools to promote early intervention. Up
to date, there is no thorough meta-analysis on the screening of fall
risks in elderly based on the simple fall assessment batteries. The
objective of this study was to conduct a systematic review and
meta-analysis to assess the performance of equipment-free assess-
ment tests to identify the elderly with fall risks, while taking the ef-
fect of clinical and environmental conditions into considerations.

2. Method
2.1. Search strategy and study selection

This study followed the guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA). Two elec-
tronic databases were systematically searched (i.e. PubMed and
Scopus) and the relevant published papers before March 2020 were
included in this review. The search terms were identified during pri-
mary independent literature review, including: FALL RISKS, FALLER,
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ASSESSMENT TOOLS, ELDERLY and AGE OVER 65. These terms were
applied individually and then combined together with “and” and
“or” Boolean operators.

Two independent reviewer (M.L.L. and C.C.N.) selected and as-
sessed the studies for methodological validity and risk of bias prior to
including in this systematic review. A consensus meeting was held to
resolve any discrepancies on applicability and quality between the
reviewers, and a third independent reviewer (W.C.C.) was consulted
when the two reviewers could not reach agreement. The inclusion
criteria were as follows,

(1) The subjects were the elderly over 65 years old and able to walk
independently without assistance;

(2) The assessment is designed as a simple clinical screening tool with
a minimum of training and not time consuming (generally less
than 5 minutes).”

(3) The assessment is not performed with dedicated instruments;

(4) The assessment variables of fall risks can be quantified;

The exclusion criteria were as follows,

(1) Studies were not related to human subject or unavailable in
English;

(2) The subjects had concomitant neurological diseases (e.g., demen-
tia, Parkinson, cerebellar diseases, myelopathy, and peripheral
neuropathy or impaired cognition);

(3) The age of subjects was not revealed.

Forward and backward citation searches were conducted to en-
sure if all the relevant studies were located. For the meta-analysis,
the articles were selected if the same assessment test was included
and the quantitative data can be pooled for further calculation.

2.2. Data extraction and methodological quality assessment

The following items were recorded from the selected papers: au-
thors, year of publication, study design, subject selection criteria, age
and gender distribution of subjects, follow-up duration, assessment
tools, assessment protocols, environment conditions, and definition
of fall risks. Achieved results including the significance testing, the cut-
off point, sensitivity, specificity, like-hood ratio (LR), and
inter/intra-rater reliability were obtained to identify the differences of
the fallers and non-fallers and to evaluate the performance of screen-
ing for predicting fallers. The level of evidence based on the guidelines
of the Oxford Centre for evidence-based medicine was also assessed.

2.3. Statistical analysis

Quantitative data were pooled for statistical meta-analysis us-
ing Review Manager (RevMan) version 5.3. An 12 index was used to
assess the heterogeneity among the reviewed studies, and 12 values
above 75% were considered as high heterogeneity. The pooled data
were calculated and presented with 95% confidence intervals (Cls).
The meta-analysis was carried out using either a fixed-effect model if
no significant heterogeneity was observed (p > 0.05 and 1 <50%), or
a random-effect model if heterogeneity was detected (p < 0.05 and
12>50%).

3. Results
3.1. Selection and description of studies

An initial literature search resulted in a total of 4,144 studies.

C.-J. Fuetal.

Three hundred and nine duplicate studies were removed. One thou-
sand and thirty-seven studies were excluded because the subjects in
those studies focused on the elderly with different diseases. Sixty-
three studies were discarded because laboratory-based equipments
were required. Furthermore, 2,661 studies were excluded as they
investigated unrelated issues. Fifty-nine studies were still removed
after thorough discussion to reach a consensus by all the reviewers.
Finally, 15 studies were selected for the systematic review, and the
data from 9 studies®™*® showing one of the assessment tests was
applied in more than two studies were pooled for the meta-analysis
(Figure 1).

Table 1 summarized the characteristics of the study design of
the 15 studies. One study combined the prospective and retrospec-
tive design.11 Six were prospective studies,”®%71° and the other
eight were cross-sectional studies.>10:12715.20.21 o average age of
the subjects in these selected studies was 65.7 to 80.6 years old. The
percentage of the female subjects was generally higher than that of
male ones, while three?'320 out of the fifteen studies did not pro-
vide the gender distribution of the subjects or only recruited male or
female subjects. Most subjects were from the local communities.
The follow-up time ranged from 3 to 36 months. The fall was mainly
defined as “unintentionally on the ground or lower surface, not as a
major intrinsic event or an 21 overwhelming hazard”. Some investi-
gators simply asked the subjects whether they had ever slipped,
stumbled or fallen in the recent years. The level of evidence of all 15
studies were 3B (Table 2).

3.2. Assessment of fall risk

Ten equipment-free assessment tests of fall risks were identi-
fied as follows: 5-time sit-to-stand test, alternate step test, one leg
stance test, functional reach test, tandem stance test, stair ascent
and stair descent test, ten-step test, minimal chair height standing
test, half-turn test, and maximum step length test. The 5-time sit-
to-stand test?? is to measure the time taken to stand from a sitting
position five times without using arms. The alternate step test?® re-
quires the subject to step alternately eight times with each leg on to
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Figure 1. PRISMA flow diagram of study selection.



Equipment-Free Fall-Risk Assessments

Table 1

Characteristics of the subjects and study design in the included studies.

303

Subject age Gender Subject resource/ Follow-u
Author/years Design ) € distribution ! . P Definition of fall
(years old) country duration
(% of female case)
Buatois 2008" Prospective 704 49.9% Centre de Médecine 18-36 m Self-questionnaire without details
Préventive/France
Bongue 2011’ Prospective F:71.2+5.0 F: 66.4% Health examination 12m Unintentionally coming to rest on the ground,
Non-F: 70.5+ 4.4 Non-F: 43.7% centers/France floor, or other lower level
Chang 2013° Prospective F:72.5+4.7 F:66.7% No details/Taiwan 12m No details
Non-F: 70.9 +4.9 Non-F: 56.3%
Cheng 2014° Cross sectional F:77.5+7.8 F:37% No details None  Unintentional coming to a lower level not
Non-F: 75.2t£6.4 Non-F: 33% caused by any external force or influence
Coqueiro 2014°  Cross sectional 73.4+9.4 Male only Local communities/ None  Have you had any fall in the last 12 minths?
Brazil
Ejupi 2015™ Cross sectional 79.7 +6.4 70% Retirement village/ None  An unexpected event in which the person
Austria comes to rest on the ground, floor, or other
lower level
Hirase 2014 Prospective/ 77.2+6.9 69.7% Local communities/ 3m Unintentionally coming to rest on the ground,
retrospective Japan floor, or other lower level in a manner that
did not result from a major intrinsic event or
an overwhelming hazard
Kim 2009" Cross sectional F:75.8+5.6 Not available Local communities/ None In the past year, have you slipped or
Non-F: 71.4 £5.0 Japan stumbled and then fallen down?
Kim 2017" Cross sectional F:72.5+5.9 Female only Social welfare None  An unexpected loss of balance resulting in
Non-F: 72.8 +4.3 centers/South Korea coming to rest on the floor, the ground, or an
object below the knee level
Kwan 2011* Cross sectional 74.9+6.4 42.9% Villages/Taiwan None Inadvertently coming to rest on the ground or
other lower level with or without loss of
consciousness, and other than as a
consequence of sudden onset of paralysis,
epileptic seizure, excess alcohol intake, or
overwhelming external force
Lindemann 2008"® Prospective F:68.8 £6.0 F: 60% Seniors meeting 12m  Any fall they had experienced in the past year
Non-F: 66.5 £ 5.8 Non-F: 54% club/Germany
Makizako 2014"  Cross sectional F:73.2+6.1 F:61.1% No details/Japan None  An unexpected event in which the person
Non-F: 71.8+5.4 Non-F: 50.2% comes to rest on the ground, floor, or other
lower level
Singh 2015 Cross sectional F:68.3+4.4 F: 55.6% Senior citizens club/  None  High and low risk of falls were defined as
Non-F: 65.7 £ 4.5 Non-F: 68.9% Malaysia older adults who scored above and below the
Physiological profile assessment score of 2
Tiedemann 2008 Prospective 80.4+45 65.8% Database of a Health 12m  Events that resulted in a person coming to
insurance company/ rest unintentionally on the ground or other
Australia lower level, not as the result of a major
intrinsic event or an overwhelming hazard
Tiedemann 2010 Prospective 75.3+5.8 79% Local communities/ 12m Same as above

Australia

F: faller; Non-F: non-faller.

Table 2
Oxford Centre for evidence-based medicine levels of evidence of the included studies.
Oxford Centre for evidence-based medicine Level of
1. 2. 4, 5. 6. 7 8. Total score evidence
Buatois 2008" Yes No No No Yes Yes Yes Yes 5/8 3B
Bongue 2011’ Yes No Yes No Yes Yes Yes Yes 6/8 3B
Chang 20138 Yes No Yes No Yes Yes Yes Yes 6/8 3B
Cheng 2014° Yes No Yes No Yes Yes Yes Yes 6/8 3B
Coqueiro 2014%° Yes No No No Yes Yes Yes Yes 5/8 3B
Ejupi 2015™ Yes No No No Yes Yes Yes Yes 5/8 3B
Hirase 2014 No No Yes No Yes Yes Yes Yes 5/8 3B
Kim 2009" Yes No No No Yes Yes Yes Yes 5/8 3B
Kim 2017" Yes No No No Yes Yes Yes Yes 5/8 3B
Kwan 2011 Yes No No No Yes Yes Yes Yes 5/8 3B
Lindemann 2008 Yes No No No Yes Yes Yes Yes 5/8 3B
Makizako 2014" Yes No No No Yes Yes Yes Yes 5/8 3B
Singh 2015 Yes No Yes No Yes Yes Yes Yes 6/8 3B
Tiedemann 2008 Yes No No No Yes Yes Yes Yes 5/8 3B
Tiedemann 2010" Yes No Yes No Yes Yes Yes Yes 6/8 3B
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the first step of stair and counts the number of steps. The one leg
stance test?® measures the time to stand on the preferred leg with
eyes open for a maximum of 60 s. The functional reach test®® re-
quires the subject to stand firmly and flex the trunk forward to reach
for the maximal distance beyond arm’s length. The tandem stance
test?® requires the subject to stand with the heel of one foot directly
in front of the toes of the other foot for a maximum of 30 s. The stair
ascent and stair descent test*® is to measure the time to climb eight
steps of stairs, and then to descend the stairs and stop when com-
pleting the last step. The ten-step test?” is to record the time to step
up and down the first step of stair using alternate feet for ten re-
petitions. The minimal chair height standing test?® is to determine
the lowest height from which the subject could stand without arm
support by lowing the seat until the subject could not stand from the
seated position. The half-turn test?® counts the number of steps
taken to complete a 180° turn to face the opposite direction. The
maximum step length test™° requires the subject to step out maxi-
mally with the preferred leg and maintain the stance leg in the initial
position, and the maximum valid step length between the toes of
the stance leg and the toes of the stepping leg is measured while
adjusted to the body height for inter-individual comparisons.

Table 3 summarized the studies reporting the outcome of the
ten assessment tests in the fallers and non-fallers. Among those
studies, one study21 categorized the subjects into the “high risk
fallers” and the “low risk fallers”. Still one study12 categorized the
subjects into “no limitation” and “moderate limitation” according to
their self-reported level of mobility limitation. To better extract the
results, the no mobility limitation group and low falls risk group were
treated as non-faller group, and the limited mobility group and high
falls risk group were the faller group. Seven studies using the 5-time
sit-to-stand test reported that the total time spent on the sit-to-
stand task was greater in the faller group than the non-faller group,
while two studies didn’t conduct the statistical analysisll'12 and the
difference was not significant in one study.14 Three studies using the
alternate step test reported that the total stepping time was signifi-

C.-J. Fuetal.

cantly higher in the faller group, while one study didn’t show the re-
sults of statistical analysis.12 The measures of the stair ascent and
stair descent, ten-step, and minimal chair height standing tests were
significantly higher in the faller group. In contrary, the measures of
the one leg stance, functional reach, and maximum step length tests
were significantly lower in the faller group. The stair ascent and stair
descent, ten-step, minimal chair height standing, half-turn, and max-
imum step length tests were only used in single study. There were no
significant differences between the groups in the measures of the
tandem stance, stair ascent, and half-turn tests.

Eight out of the ten tests reports the cutoff values and the per-
formance of the screening ability for the faller and non-faller (Table
4). The cut-off point of the 5-time sit-to-stand and the alternate step
tests were mostly around 12 and 10 seconds respectively. The cut-off
point value in Kim’s study12 was notably smaller (6.7 seconds and
4.41 seconds respectively) than those in the other studies. The 5-
time sit-to-stand and the alternate step tests generally showed a
moderate sensitivity (50-73%) and specificity (50-66%) and the area
under the AUC ranged from 0.57 to 0.75. Two studies provided cut-
off point of the one leg stance test as 12.7 and 18.6 seconds. The
sensitivity and specificity of the one leg stance test ranged from 51%
to 63%. The cut-off point of the functional reach test was around
24.2 cm and 27 cm with sensitivity and specificity around 57-63%
and AUC around 0.65. Inconsistent cut-off points of the tandem
stance test were observed in two studies (30 seconds and 10 sec-
onds) with good specificity (69-81%) and fair AUC (0.57-0.62). The
stair ascent and stair descent, half-turn, and maximum step length
tests showed acceptable sensitivity and specificity except for the
specificity of the half-turn test (28%). Most assessment tests showed
good reliability.

3.3. Meta-analysis

Five meta-analyses including the 5-time sit-to-stand, alternate
step, one leg stance, functional reach, and tandem stance tests

Table 3
Differences of the fallers and non-fallers on the performance in different assessment tests.

Assessment test Study Number of subjects Faller Non-faller p-value

5-time-sit-to-stand test (sec) Cheng 2014 F: 35/Non-F: 35 19.82 + 4.46 15.65 +3.30 <0.01
Ejupi 2015 F: 29/Non-F: 65 15.33 +£5.45 13.12 +4.06 0.034
Hirase 2014 F:292/Non-F: 1871 13.80+7.50 11.30+5.80 -
Kim 2009 F: 96/Non-F: 259 8.55+2.8 6.42+1.6 -
Kwan 2011 F: 81/Non-F: 199 13.3+5.6 13.2+4.8 >0.05
Makizako 2014 F: 645/Non-F: 3836 9.3+34 8.6+2.38 <0.001
Tiedemann 2008  F: 80/Non-F: 282 14.8+6.2 12.5+4.8 <0.001

Alternate step test (sec) Kim 2009 F: 96/Non-F: 259 5.51+1.9 4.36+0.8 -
Kwan 2011 F: 81/Non-F: 199 13.1+6.9 114143 <0.05
Tiedemann 2008  F: 74/Non-F: 265 12.2+4.6 10.8 +3.8 0.007

One leg stance test (sec) Chang 2013 F: 15/Non-F: 15 13.91+4.92 17.58 £ 3.40 0.087
Kim 2009 F: 96/Non-F: 259 20.9+20.2 33.2+21.9 -
Kwan 2011 F: 81/Non-F: 199 11.6+10.3 15,6 +11.1 <0.05

Functional reach test (cm) Kim 2009 F: 96/Non-F: 259 25.3+5.4 28.7+5.5 -
Kim 2017 F: 30/Non-F: 30 22.27 £5.35 25.91+5.93 0.016

Tandem stance test (sec) Kim 2009 F: 96/Non-F: 259 23.7+9.4 27.9+5.2 -
Kwan 2011 F: 81/Non-F: 199 17.1+12.0 20.1+10.8 >0.05

Stair ascent and descent test (sec) Tiedemann 2008  F: 80/Non-F: 282 Stair ascent: 5.9+ 2.7 Stair ascent: 5.5+ 2.6 0.055

Stair descent: 6.6 + 3.5 Stair descent: 5.7 £ 3.3 0.001

Ten-step test (sec) Singh 2015 F: 18/Non-F: 122 17.84 7.14 0.003
Minimal chair height standing test (cm) Kwan 2011 F: 81/Non-F: 199 29.7+9.0 25.0+9.2 <0.001
Half-tum test (steps) Tiedemann 2008  F: 80/Non-F: 282 Median: 4 Median: 4.5 0.080

-

Maximum step length test (% of body height) Lindemann 2008

Inter-quartile range: 3-5  Inter-quartile range: 4-5

:30/Non-F: 26 62+9 68+ 7 0.027

F: faller; Non-F: non-faller.
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Table 4
Performance of screening for predicting fallers in different assessment tests.
Assessment test Study Numper of Cut.off Sensitivity Specificity LR+ LR- AUC icc
subjects  point (%) (%)
5-time-sit-to-stand test (sec) Buatois 2008 1958 15 55 65 1.57 0.69 - -
Coqueiro 2014 143 12 68 60 1.70 0.53 0.67 -
Kim 2009 355 6.7 72 65 2.05 0.43 0.75 0.80
Tiedemann 2008 362 12 66 55 1.46 0.61 - 0.89
Tiedemann 2010 287 12 64 50 1.28 0.72 0.57 0.89
Alternate step test (sec) Kim 2009 355 4.41 73 64 2.02 0.42 0.73 0.80
Tiedemann 2008 339 10 69 56 1.56 0.55 - 0.78
Tiedemann 2010 287 10 50 66 1.47 0.75 0.58 -
One leg stance test (sec) Bongue 2011 1759 12.7 61 51 1.24 0.76 0.55 -
Kim 2009 355 18.6 65 63 1.75 0.55 0.67 0.80
Functional reach test (cm) Kim 2009 355 27 57 59 1.39 0.72 0.65 0.80
Kim 2017 60 24.2 63 63 1.70 0.57 0.63 -
Tandem stance test (sec) Kim 2009 355 30 41 81 2.15 0.72 0.62 0.80
Tiedemann 2010 287 10 46 69 1.48 0.78 0.57 0.52
Stair ascent and descent test (sec) Tiedemann 2008 362 5 54/63 58/55 1.28/1.40 0.58/0.67 - 0.84/0.86
Half-tum test (steps) Tiedemann 2008 362 4 78 28 1.08 0.78 - 0.75
Maximum step length test (% of body height)  Lindemann 2008 56 66 70 69 2.3 0.4 - -

LR: like-hood ratio; AUC: area under the receiver operating characteristic curve; ICC: intra-class correlation coefficients.

showed in the forest plot (Figure 2). Seven studies® 114716 including

7,805 subjects revealed significant difference in the complete time
of the 5-time sit-to-stand test between the two groups (mean dif-
ference [faller — non-faller] = 1.90 seconds [95% Cl: 0.98-2.82], p <
0.001, Figure 2a). However, inconsistent results with high heteroge-
neity (12 = 87%) was also detected amongst the included studies,
with only one study didn’t favor the non-faller group.14 The com-
plete time of the alternate step test was found to significantly favor
the non-faller group (1.20 seconds [0.84—1.56], p < 0.001, Figure 2b)
with low heterogeneity (I2 =0%) among the three studies.?>*1® The
maximal standing time of the one leg stance test was identified with
high heterogeneity (12 = 80%) and significant group difference (-6.21
seconds [-10.60—1.82], p = 0.006, Figure 2c) from the three stud-
jesd1214 including 662 subjects. The maximal forward reaching dis-
tance of the functional reach test showed the low heterogeneity (1=
0%) and significant group difference (-3.44 cm [-4.60—-2.28], p <
0.001, Figure 2d) between the two studies.??® The maximal stand-
ing time of the tandem stance test was reported with low heteroge-
neity (1>=0%) and significant group difference (-3.84 seconds [-5.49—
-2.18], p < 0.001, Figure 2e) between the two studies.!>

4. Discussion

The objective of this study was to investigate the equipment-
free assessment tests to identify the fall risks for the functionally in-
dependent elderly. Fifteen studies met the criteria were selected.
Though the selected studies showed heterogeneous characteristics
of subjects and inconsistent definitions of fall, the analysis results
showed: (1) The most commonly studied equipment-free assess-
ment test to identify the faller is the 5-time sit-to-stand test. (2) The
included assessment tests in this study show significant difference
between the fallers and the non-fallers except for the tandem stance,
stair ascend, and the half-turn tests. (3) All assessment tests do not
show good sensitivity or specificity. (4) The alternate step, functional
reach, and tandem stance tests could be evidenced as the equip-
ment-free assessment tests to identify the faller and non-faller.

The present study is a diagnostic systematic review, aiming at
assessing the performance of the equipment-free screening tests to
identify the elderly with fall risks. The level of evidence for all se-
lected 15 studies was 3B (Table 2), which is the highest level for the
case control study. Among the eight main questions to evaluate the

level of evidence, the selected studies mostly failed to meet the re-
quirement of the second and fourth criteria that required the study
to be blind compared to a gold standard of diagnosis. Many of the
current studies focused on the comparisons between the faller and
non-faller but not on the assessment tool itself. This study summa-
rized the statistical significance, sensitivity/specificity, and efficiency
in differentiating the group difference as below, while high quality
diagnostic studies with consistently applied reference standard and
blinding are still needed to further reveal the usefulness of those
equipment-free assessment tools.

The elderly with fall risks has presumably performed poorer
than the ones without in the function-related assessment tests, es-
pecially the ones involving dynamic balance and activity level. The
examined tests in this study are function-oriented and basically de-
signed to assess the coordination of the trunk and lower extremities.
Seven out of the fifteen selected studies used the 5-time sit-to-stand
test, which is the most commonly used technique, and only one
study showed insignificant difference between the fallers and non-
fallers. The reason why the 5-time sit-to-stand test was mostly ap-
plied tests may because it can be used to evaluate the muscle st-
rength of lower extremity for the elderly or for the patients with
movement deficit resulted from the lumbar stenosis.® The sit-to-
stand test is especially associated with the muscle strength of the
knee extensors/flexors/ankle flexors, joint motion, balance, pro-
prioception, reaction time and tactile sensation.>! The decrease in
muscle mass and muscle strength are signs of elderly frailty and as-
sociated with lower functional activities and fall risks. Generally
speaking, the assessment tests included in this study used the time,
length, or repetitions as the main measurements of fall risks, and
thus were easy to conduct and suitable to be applied in clinical prac-
tice.

Only few sensitivity and specificity results from the selected
studies reach the acceptable values as over 70%. The cutoff point of
the 5-time sit-to-stand test for greater than 12 s was reported in
three studies and could tell 64-68% faller.2*92% Kim et al.12 adopted
a harder cutoff point at 6.7s and showed that the sensitivity could be
increased to 72% with greater predictive discrimination and reliabil-
ity. The cutoff point of the alternate step test for greater than 10 s
could at least tell 50% faller.®*° Kim et al.1? again reported a much
challenging cutoff point set at 4.41s and showed that the sensitivity
could be increased to 73% with greater predictive discrimination
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(a)

Faller Non-faller
__Study or Subgroup _Mean _ SD _Total Mean _SD
Cheng 2014 19.82 446 35 1565 33 35 11.0%
Ejupi 2015 1533 545 29 1312 406 65 92%
Hirase 2014 138 75 292 113 58 1871 164%
Kim 2009 855 28 96 642 16 259 18.0%
Kwan 2011 133 56 81 132 48 199 135%
Makizako 2014 93 34 645 86 28 3836 19.1%
Tiedemann 2008 148 62 80 125 48 282 13.0%
Total (95% CI) 1258 6547 100.0%

Heterogeneity: Tau®= 1.14, Chi*= 45.06, df= 6 (P < 0.00001); F=87%
Test for overall effect: Z= 4.03 (P < 0.0001)

(b)

Total Weight [V, Random, 95% Cl

J. Fu et al.

Mean Difference Mean Difference

IV, Random, 95% Cl

417(2.33,6.01]
221[-0.01,4.43)
2.50(1.60, 3.40]

—_—

213[1.54,2.72] -

0.10 [1.29,1.49) —

0.70 (0.42, 0.98] -

2.30(0.83,3.77] —

1.90[0.98, 2.82] >
VRN

Faller Non-faller

Faller Non-faller Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
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Figure 2. Forest plots of the screening assessment tests: (a) 5-time sit-to-stand test; (b) Alternate step test; (c) One leg stance test; (d) Functional reach test;

(e) Tandem stance test.

(AUC was 0.73) and reliability (ICC was 0.8). The cutoff point of the
one leg stance test smaller than 18.6s could tell 65% faller,12 and the
cutoff point decreased to 12.7 s reported by Bongue et al. can still
screen out 61.0% of the elderly with fall risks.” Bongue et al. further
showed that the screening assessment rate would increase to 70.2%
when considering five additional fall risk factors, including the gen-
der, living alone, psychoactive drug use, osteoarthritis, and previous
falls.” In terms of the functional reach test, two studies reported sim-
ilar cutoff point to be 27 cm?®? and 24.2 cm*® and found that the sen-
sitivity were 57% and 63% respectively. Russell et al.32 showed that
when the functional reach test combined with a survey of 13 fall
risks, the screening assessment rate of the elderly with fall risks can
increase to 71.3%. The cutoff point of the tandem stance test re-
ported by Kim et al.*2 and Tiedemann et al.'® were quite different to
be 30 s and 10 s respectively with only 41% and 46% sensitivity. It
could because Tiedemann et al. adopted a modified tandem stand
test which the subject’s feet were separated laterally and antero-

posteriorly by 2.5 cm. The stair ascend and stair descend test did not
show promised discrimination ability since the sensibility and speci-
ficity were around 54-63%. The half-turn test showed great ability to
tell the faller (sensibility was 78%) but poor ability to differentiate
the non-faller (specificity was 28%). The maximum step length test
showed the potential to be both sound in the sensibility and spe-
cificity. However, the stair ascent and stair descent, half-turn, and
maximum step length tests were only used in single study. Further
study is suggested to consider the combination of tests reflecting
different aspects of ability and to find out if this could help to im-
prove the performance for predicting fallers.

Nine out of the selected fifteen studies were pooled for the
meta-analysis on the five assessment tests (Figure 2a—e). The weights
of the seven studies investigating the time to accomplish the 5-time
sit-to-stand test was evenly matched (9.2%-19.1%) and did not pre-
fer any studies. Though most studies showed longer complete time
of the 5-time sit-to-stand test in fallers than the non-fallers, the con-
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fidence interval from the Ejupi et al.?% and Kwan et al.** studies in-
cluded zero and showed an effect not statistically significant which
resulted in great heterogeneity (I2 = 80%) among the included stud-
ies. Similarly, the one leg stance test also came with great confidence
interval and great heterogeneity. The problem with the use of the
5-time sit-to-stand and the one leg stance test is therefore the varied
effects among the included studies, making it difficult to ascertain
the meaningful combined evidence and undermining their signifi-
cance testing. Overall, results from the present meta-analysis sug-
gested that the faller can accordantly showed longer complete time
during the alternate step test, smaller maximal forward reaching dis-
tance of the functional reach test, and shorter maximal standing
time of the tandem stance test compared to the non-faller. However,
it must be noted that the weight remarkably skewed towards the
Kim'’s study12 which was 85.0%, 83.8%, and 69.7% for the alternate
step, functional reach, and tandem stance tests respectively. Further
large population study could still be encouraged to provide balanced
evidence supporting the use of those assessment tests.

4.1. Limitations

Several study limitations should be addressed. First, there was
no identical definition to identify the fallers in the selected studies.
The question as the unintentional or unexpected falling event in the
past year was commonly used in cross sectional studies. One study
did not provide any definition,® and one study used the Physiological
profile assessment score?! referring to mobility limitation level of
subjects. Different definition of falls could affect the accuracy of the
comprehensive results. Second, the results in the included studies
could be varied based on the different life style and region. For ex-
ample, in terms of the 5-time sit-to-stand test, Asian populationu’lz’m’15
showed a better performance compared to the Western one. Third,
the performance in Kim’s study12 was superior to that of other stud-
ies in terms of the 5-time sit-to-stand, alternate step, one leg stance,
functional reach, and tandem stance tests. Kim’ study was also the
only one focused on the female subjects such that the potential ef-
fects of the gender difference on the physical function and the per-
formance of the assessment tests should be noted. Finally, given the
high heterogeneity among the studies applying the 5-time sit-to-
stand test (I2 =87%) and the one leg stance test (I2 =80%), a series of
subgroup analyses and the publication bias analysis may be con-
sidered. However, it is unlikely that an investigation of heterogeneity
will produce useful findings unless there are at least 10 studies in-
cluded in the meta-analysis according to the guidance provided by
the Cochrane Handbook for Systematic Reviews of Interventions.
Since the mostly used assessment test (i.e., the 5-time sit-to-stand
test) was only included in seven studies, it is suggested that more fu-
ture studies in this field are needed to come to a definite clarification
about the confounding factors and to identify the best assessment
test for clinical applications.

5. Conclusion

This study was to identify the equipment-free assessment tests
which are handy and capable to distinguish the fall risks of elderly. It
was concluded that the 5-time sit-to-stand test was mostly used to
assess the risk of falling in elderly. Although most assessment tests
demonstrated significant difference between the fallers and non-
fallers, the performance of those tests for identifying fallers were
less promising. The alternate step, functional reach, and tandem
stance tests could be indicated as effective and reliable equipment-
free tests to monitor the fall risks in the functionally independent el-
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derly in clinics or communities.
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