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Abstract In older populations, sensitive fall risk
assessment tools are important to timely intervene
and prevent falls. Instrumented assessments have
shown to be superior to standardized fall risk assess-
ments such as the Timed Up and Go Test (TUG)
and should capture both motor and cognitive func-
tions. Therefore, the aim was to test novel instru-
mented assessments with and without a cognitive
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component. One hundred thirty-seven older adults
aged 73.1+7.3 years, 38 categorized as fallers
and 99 as non-fallers, conducted five instrumented
assessments on the Dividat Senso, a pressure sensi-
tive stepping platform, and three standardized geri-
atric assessments (TUG, TUG-dual task, 30-s Sit-to-
Stand Test (STS)). T-tests were applied to compare
the test performance of fallers versus non-fallers.
Furthermore, logistic regression analyses and area
under the curve (AUC) analyses were performed.
Statistically significant differences between fallers
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and non-fallers were found in the Go/No-Go test
(p=.001, d=.72), the TUG (p=.014, d=.48), and
the STS (p=.008, d=.51). Only the Go/No-Go test
contributed significantly to all regression models.
Significant AUC values were found for the Reaction
Time Test (RTT) (AUC=.628, p=.023), Go/No-Go
(AUC=.673, p=.002), TUG (AUC=.642, p=.012),
and STS (AUC=.690, p=.001). The Go/No-Go test
measuring inhibition showed the best discrimina-
tive ability suggesting added value of instrumented
assessments with a cognitive component for clinical
fall risk assessment in relatively healthy older adults.
The study should be extended with a frailer popu-
lation, in which TUG and the other instrumented
assessments are possibly good predictors as well.

Keywords Geriatric assessments - Fall risk -
Postural sway - Balance - Executive functions

Background and objectives

Falls are one of the major causes for injuries and
injury-related deaths [1] with a global age-standard-
ized mortality rate of 9.2 per 100,000 in 2017 [2].
According to the WHO, the annual incidence of
falls in adults older than 65 is 28-35%, escalating to
32-42% in the population above 70 years, indicating
an age-related increase in fall risk [1] and resulting
in substantial medical costs [3]. To timely intervene
at the onset of physical and cognitive deteriorations,
which are considered risk factors for falls, assess-
ments capable of detecting various and often subtle
functional changes are necessary.

Standardized geriatric assessments, for exam-
ple, Sit-to-Stand (STS) transition tests [4, 5], the
Timed Up and Go Test (TUG) [6-8], the Berg Bal-
ance Scale [9], the Tinetti Mobility Test [10], and
the Short Physical Performance Battery (SPPB) [11,
12], are commonly employed for fall risk assess-
ment. However, previous research indicates that
instrumented versions of those assessments, such as
the iTUG and iSTS, are superior in capturing sub-
tle functional changes and thereby in discriminat-
ing fallers from non-fallers. This superiority stems
from their higher sensitivity in both temporal and
spatial parameters [4, 13—15]. Furthermore, instru-
mented assessments also allow to record param-
eters beyond mere completion time, encompassing
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sub movements or acceleration-derived parameters.
Such detailed measurements are important, as previ-
ous research has revealed that, e.g., specific aspects
of the TUG, unobservable with conventional stop-
watch-based measurements have added value for
identifying fall risk [15].

Another potential limitation of both instrumented
and non-instrumented versions of these standard-
ized geriatric assessments is that they primarily
focus on motor skills. However, it has been shown
that intrinsic risk factors for falls in older adults
not only include impaired motor performance, but
encompass cognitive impairments as well [16].
Especially the interplay between motor and cogni-
tive functioning is relevant, considering that the
vast majority of falls in real life happens during
activities that demand the simultaneous execution
of both motor and cognitive tasks. Street crossing,
for instance, relies on the interaction of motor func-
tions, such as balance and coordination, with cog-
nitive functions, in particular visuospatial attention
and executive functions [17-20].

Thus, sensitive instrumented assessment tools
which are able to capture both, motor and cogni-
tive functions, are needed [21]. The primary aim of
this study was to test whether a novel instrumented
assessment battery including assessments with and
without cognitive component is able to distinguish
between fallers and non-fallers. Additionally, we
aimed to assess its added value to predict fall status
compared to standardized geriatric assessments that
are used to assess fall risk.

Research design and methods
Study design

This is a secondary analysis of an international ran-
domized controlled trial (RCT) aiming to investigate
feasibility and effectiveness of a 10-week home-based
motor-cognitive training program in community-
dwelling older adults. The protocol of the RCT has
been registered at ClinicalTrials.gov (NCT05751551),
and the study design has been described in detail else-
where [22]. The analyses described below were con-
ducted using pre-intervention data.
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Ethics approval

The study protocol of the RCT was approved by
all local ethical committees, including the Can-
tonal ethics committee in Zurich, Switzerland
(2022-01746); the Don Carlo Gnocchi Foundation
ethics committee in Italy (06_16/12/2022); and the
Cyprus National Bioethics Committee (EEBK EII
2021 51).

Participants

In- and exclusion criteria are based on the purpose
and requirements of the aforementioned RCT. To
be eligible, participants had to meet the follow-
ing conditions: (1) age of 60 years and older, (2)
prescription for rehabilitation (either in an in- or
outpatient setting) within the past 6 months, (3)
Mini-Mental State Examination (MMSE) score of
24 or higher, (4) physical capability to stand inde-
pendently for at least 2 min, (5) ability to provide
informed consent, and (6) internet access and a TV
or PC-screen at home. Exclusion criteria comprised
the following: (1) residency in a nursing home, (2)
mobility or cognitive limitations or comorbidi-
ties that would impair their ability to conduct the
intervention and/or the pre-/post-assessments, (3)
severe sensory impairments, (4) previous or acute
major psychiatric illness (such as schizophrenia,
bipolar disorder, recurrent major depression epi-
sodes), (5) history of drug or alcohol abuse, (6)
terminal illness, (7) participation in another clini-
cal trial, and (8) an expected absence from home of
more than 2 weeks during the study period.

Participants who met the inclusion criteria were
subsequently randomized to a control group or an
intervention group using permuted block randomi-
zation. Furthermore, they were classified as either
“fallers” or “non-fallers” based on whether they
had experienced at least one fall incident within the
past 12 months. Thereby, based on the definition
of Prevention of Falls Network Europe (ProFaNE),
falls were defined as “an unexpected event in which
the participants come to rest on the ground, floor,
or lower level” [23 (p.1619)].

A written informed consent had to be obtained
from each participant before any data was collected.

Materials

The instrumented assessments were conducted on the
Dividat Senso (Dividat GmbH, Schindellegi), which
is a stepping platform (1.13 mx 1.3 m) consisting of
5 pressure sensitive plates (center, front, back, right,
left; each sensor plate has 4 sensors recording at
50 Hz) detecting weight shifting as well as stepping
movements. The platform is connected to a screen on
which the instructions and stimuli of the assessments
appear (Fig. 1).

Outcomes and outcome measures
Instrumented assessments

The assessments were developed using an iterative
design process within a focus group study [24] and
a usability study [25]. Each instrumented motor-
cognitive assessment began with a short practice
phase that was not evaluated for the final test’s

Fig. 1 Assessments on the Dividat Senso
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score. The instrumented assessment battery com-
prised the following tests:

Instrumented assessments with a cognitive
component

(1) The Reaction Time Test (RTT) assessing psych-
omotor speed. In this test, six triangles are pre-
sented on the screen, and as soon as a triangle
turns dark, participants are instructed to step in
the corresponding direction as fast as possible.
Outcome measure was the average reaction time
(time between stimulus presentation and pressing
the platform) across all stimuli.

(2) The Go/No-Go Test assessing selective atten-
tion and inhibition. In this test, a cross (x) or a
plus sign (+) appear on left or right side of the
screen in a randomized order. Participants are
instructed to react as fast as possible with a step
in the respective direction only when a cross (x)
appears. When a plus sign (+) appears, they are
instructed to maintain still. Outcome measure
was the average reaction time across all stimuli.

(3) The Flexibility Test assessing cognitive flexibil-
ity (task switching). In this test, a rounded and an
angular figure are presented on the left and right
of the screen (in a randomized side order). Par-
ticipants are instructed to conduct a step towards
the rounded figure and then towards the angu-
lar figure and so forth in an alternating manner.
Outcome measure was the average reaction time
across all stimuli.

Instrumented assessments without a cognitive
component

(4) The Sway Test assessing postural sway. In this
test, participants are instructed to stand still for
30 s. Outcome measures were path length and
mean sway speed.

(5) The Coordinated Stability Test assessing
dynamic balance. An irregular shape figure is
presented on the screen. Participants are asked to
track this figure by shifting their center of pres-
sure (COP). Outcome measures were deviations
from the ideal path and trace length.

@ Springer

Standardized geriatric assessments

The Timed Up and Go (TUG) Test [8] is a measure
of mobility and functional balance and required the
participant to stand up from a chair, walk 3 m straight
ahead, turn, walk back, and sit on the chair again [8].
For the TUG-DT, a secondary cognitive task was
added which required participants to count backwards
from 90, subtracting serial sevens. Each condition—
single and dual task TUG—was performed twice and
each time, the time taken for the participant to com-
plete the test was measured. The best (in this case
fastest) trials were included in the statistical analysis.
Dual-task cost (DTC) was calculated by determin-
ing the percentage at which the secondary task inter-
fered with the test performance using the following
formula:

DTC [%]=100%x (DT score—simple task score)/
simple task score.

The TUG-DT has shown to be more sensitive to
detect age-related declines and risk of falls com-
pared to simple walking alone [18, 26]. Moreover, the
30-s Sit-to-Stand (STS) test [48] was implemented
to assess lower limb power and short-term mus-
cle endurance. The participants commenced the test
while seated in a chair and were then asked to stand
up straight and sit down as often as possible within a
time frame of 30 s. The count of times the participant
fully stood up was evaluated.

Statistical methods

Potential differences in demographics and test results
between fallers and non-fallers were tested with an
independent #-test for continuous variables and a chi-
square test for dichotomous variables. Levene test
was used to test the homogeneity of variances, and in
case the homogeneity of variance assumption was not
met, Welch #-test was interpreted.

To assess the assumption of linearity, the Box-
Tidwell method was used. Leverage values (with the
interpretation of Huber) and Cooks Distance were
used to identify outliers. Outliers which were identi-
fied by both methods were then removed.

To analyze possible associations between all
assessments and fall status, two main regression
analyses were conducted: first, a binominal logistic
regression analysis including all instrumented assess-
ments and standardized geriatric assessments as
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independent variables and fall status as the dependent
variable. Secondly, another binominal logistic regres-
sion analysis was conducted to evaluate the relative
contribution of only relevant assessments for fall sta-
tus. To determine these relevant assessments, single
regression analyses were performed and those assess-
ments that showed significant associations with fall
status were then included again as independent vari-
ables in the second regression analysis (with fall sta-
tus again as the dependent variable).

Additionally, to investigate a possible effect of age
and cognitive functioning in the prediction of fall sta-
tus, both regression analyses were repeated with age
and MMSE as additional covariates.

Finally, a receiver operator curve (ROC) analysis
was performed to analyze each test’s accuracy in clas-
sification and to directly compare AUC values of the
instrumented assessments with the AUC value of the
standardized geriatric assessments. Furthermore, the
Youden Index was used to find the optimal cut-off
values differentiating fallers from non-fallers.

All analyses were conducted with SPSS and sig-
nificance level was set at a <0.05 (2-sided).

Results
Participants

One hundred and thirty-seven participants were
included in this study, 38 categorized as fallers and
99 as non-fallers with fallers having experienced on
average 2.5+ 3.0 falls in the last 12 months. Table 1
provides an overview of the demographics of the
included participants.

Table 1 Demographics of included participants

Descriptive statistics

Implausible values (probably due to data input errors)
for the TUG and TUG-DT test (over 50 s) were
recorded for one participant, which were naturally
identified as outliers by both Cook’s distance and lev-
erage values and thus excluded from further analyses.
All descriptive test results categorized by fallers- and
non-fallers can be found in Table 2.

The independent t-tests showed significant dif-
ferences between fallers and non-fallers with a
medium-effect size in the Go/No-Go test, with mean
reaction times 116.7 ms (95%-CI [-116.7,—49.2])
lower for the non-fallers (#(58)= —3.5, p=0.001,
Cohen’s d=0.72). Regarding the standardized geri-
atric assessments, significant between-group differ-
ences and medium effect sizes were found for the
TUG (mean difference: —2.0, 95%-CI [—3.6,—0.4],
1(134)=-2.5, p=0.014, d=0.48), and the STS
Test (mean difference: 2.4, 95%-CI [0.6, 4.2],
1(135)=-2.7, p=0.008, d=0.51).

Regression model 1: binominal logistic regression
analysis with all assessments as independent
variables

In the first regression model, all assessments listed
in Table 2 were included in one binominal logistic
regression analysis as independent variables with
fall status as outcome variable. High collinearity was
detected for TUG and TUG-DT which is why TUG-
DT was excluded from this regression model.

This first logistic regression model was statisti-
cally significant, y* (10)=29.35, p=0.001, result-
ing in an acceptable amount of explained variance
[27], as shown by Nagelkerke’s R>=0.285. Only

Variable Total sample (N=137) Fallers (n=38) Non-fallers (n=99) p value
Female, n (%) 83 (60.6%) 24 (63.2%) 59 (59.6%) 0.702
Min.? Max.? Mean (SD) Min Max Mean (SD) Min Max Mean (SD)
Age 60 91 73.1(7.3) 60 89 724(7.1) 61 91 74.8(7.5) 0.079
Body height (cm) 150 185 165.5(8.1) 150 185 165.6(8.0) 150 185 165 (8.4) 0.880
Body weight (kg) 48 110 72.9(12.8) 48 110 73.3(134) 52 98 71.8 (11.3) 0.545
Years of education 3 28 12.2 (4.7) 3 28 122(4.8) 5 23 122 (4.5)  0.969
MMSE¢ score 24 30 28.0 (1.7) 24 30 28.0(1.7) 24 30 28.1(1.7)  0.580

Note. *Min. minimum, "Max. maximum, °SD standard deviation, MMSE mini mental state examination

@ Springer



GeroScience

Table 2 Test results non-fallers and fallers

Test Fall status Mean SD p-value Cohen’'sd MD?* 95% CI
Lower Upper

Reaction Time Test (ms) Total 1171.1  319.1
Non-fallers  1140.5 321.3 0.070 0.35 -1104 -2298 9.0
Fallers 12509 303.2

Go/No-Go (ms) Total 972.0 170.0
Non-fallers  939.6 1529  0.001* 0.72 —-116.7 —1842 —-492
Fallers 1056.3 184.8

Flexibility Test (ms) Total 1856.9 978.8
Non-fallers  1822.0 1002.9 0.498 0.13 —1283 —-502.0 2455
Fallers 1950.3 917.8

Sway Test (path length, mm) Total 506.3 348.9
Non-fallers  463.2 164.7  0.168 0.41 —-155.6 -3794 682
Fallers 618.8 674.2

Sway Test (sway speed, mm/s) Total 16.9 12.8
Fallers 15.4 55 0.165 0.41 -52 -10.0 -04
Non-fallers  20.7 22.4

Coordinated Stability Test (deviation from  Total 2058.5 17920

ideal path, mm) Non-fallers  2044.1 1907.1 0.880  0.03 -51.9  —7307 626.8

Fallers 2096.1 14723

Coordinated Stability (trace length, mm) Total 2838.4 1813.0
Non-fallers  2806.0 1934.1 0.737 0.06 —-116.7 —-803.2 569.7
Faller 2922.7 1470.8

TUG" (s) Total 8.6 4.3
Non-fallers 8.0 4.1 0.014* 048 =20 -3.6 -04
Fallers 10.1 4.6

TUG-DT* (s) Total 11.6 6.3
Non-fallers  11.0 5.7 0.123 0.35 -22 -5.0 0.6
Fallers 13.2 7.7

TUG-DT cost (%) Total —-343 3038
Non-fallers —36.7 30.5 0.148 0.28 -8.6 -202 3.1
Fallers —-28.1 307

STS! Test (number of complete stand ups) ~ Total 12.7 4.9
Non-fallers 13.4 5.1 0.008*  0.51 24 0.6 4.2
Fallers 11.0 39

Note. *MD mean difference between fallers and non-fallers, ®7UG Timed Up and Go, “TUG-DT Timed Up and Go Dual Task, YK

Sit-to-Stand, *p <0.05

one variable, Go/No-Go (inhibition), contributed
significantly to predicting fall status (p=0.005).
All model coefficients, significance values, and

odds can be found in Table 3.

@ Springer

Regression model 2: binominal logistic regression
analysis with significantly associated assessments as
independent variables
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Table 3 Regression
model 1: logistic
regression analysis with all

B Sig Exp(B)* 95% C.I. for EXP(B)

Lower Upper

assessments as independent
variables and fall status as
the dependent variable

Reaction Time Test
Go/No-Go
Flexibility Test
Sway path length
Sway speed

-0.001 0.311 0.999 0.996 1.001
0.006 0.005* 1.006 1.002  1.010
0.000 0.303  1.000 0.999  1.000
—-0.143 0328 0.867 0.651 1.154
4.337 0322 76.485 0.014 411,624.331

Coordinated Stability—path deviation —0.103 0.657  0.902 0.573 1420
Coordinated Stability—trace length 0.103 0.657  1.108 0.704 1.744

Note. *B regression c
coefficient B, °Exp(B) odds TUG

ratio, ‘TUG Timed Up and TUG DT cost*
Go, TUG-DT Timed Up STS®

and Go—dual-task cost, °ST'S
Sit-to-Stand, *p <0.05

Constant

-0.027 0.690 0.973 0.853 1.111
0.012 0.187  1.012 0.994 1.030
-0.061 0320 0.941 0.835 1.061
—-89.12 0.641  0.000

Table 4 Regression model 2: logistic regression analysis with
assessments significantly associated with fall status as inde-
pendent variables and fall status as the dependent variable

B* Sig Exp(B)® 95% C.I. for
EXP(B)
Lower  Upper
STS® -0.031 0.552 0.969 0.874  1.075
TUG! 0.008 0.900 1.008 0.896  1.133

Go/No-Go  0.003 0.024*  1.003 1.000  1.006

Constant —-4.086 0.021 0.017

Note. *B regression coefficient B, bExp(B) odds ratio, °STS Sit-
to-Stand, 9TUG Timed Up and Go, *p<0.05

As described above, in a second binominal logistic
regression model, only assessments significantly
associated with fall status were included as inde-
pendent variables. To determine these assessments,
single regression analyses were performed sepa-
rately for each. In these single regression analyses,
only Go/No-Go (p<0.001), TUG (p=0.019), and
STS (p=0.011) showed significant associations
with the fall status and were, therefore, included in
the second regression model.

This second binominal logistic regression model
was statistically signiﬁcant,;(2 3)=12.21, p=0.007;
however, explained only a low amount of variance
(Nagelkerke’s R*=0.124) [27]. Again, only Go/
No-Go contributed significantly to predicting fall
status (p=0.024). All model coefficients, signifi-
cance values, and odds can be found in Table 4.

Covariates

In both models, adding age and the MMSE score as
covariates did not result in statistically significant
changes in y? values (s. supplementary Tables 1 and
2) and, therefore, did not affect the fit of the models.

AUC analysis

Significant AUC values were only found for
the RTT (AUC=0.628, p=0.023), Go/No-Go
(AUC=0.673, p=0.002), TUG (AUC=0.642,
p=0.012), and STS (AUC=0.690, p=0.001). For
the other variables, AUC values ranged between
0.541 (Coordinated Stability—path  deviation,
p=0.465) and 0.579 (TUG DT cost, p=0.161).
Figure 2 shows the ROC curves of the variables
with significant AUC values.

Cut-off values

Cut-off values were determined for all variables in
which fallers and non-fallers differed significantly
(Table 2). Specifically, for the RTT, a reaction time
of 994 ms was identified as a discriminative thresh-
old, while for the Go/No-go task, this threshold was
found to be 1074 ms. For the TUG test, a duration
of 13.5 s emerged as a critical threshold for distin-
guishing fallers from non-fallers, and in the Sit-to-
Stand (STS) test, 14.5 complete stand-ups.

@ Springer
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Fig. 2 The ROC curves of the variables with significant AUC values

Discussion and implications

Instrumented assessments with a cognitive
component

The Go/No-Go test exhibited the strongest effect size
in the direct performance comparisons of fallers and
non-fallers and remained as a significant predictor in
all regression models making it a potentially prom-
ising assessment tool for fall prediction. It is note-
worthy, however, that although the AUC metric for
Go/No-Go is the second largest of all assessments,
its accuracy in classification was only moderate to
acceptable [28, 29].

Still, this confirms the special role of inhibition for
falls, as observed in other studies. For instance, Sch-
oene et al. (2017) (p.723) [21] looked into the predic-
tive ability of a similar step-based inhibition assess-
ment and found that its effect on falls was “direct
and not mediated by processing speed, attention,
and balance, further supporting the notion of iCSRT-
RT [inhibitory choice reaction time] being an inde-
pendent fall risk factor.” Similarly, Mirelman et al.
(2012) [19] found that among several computerized
cognitive assessments, only response inhibition and
attention were significantly associated with a future
fall risk. This observation is not surprising, given
the demands of daily activities and outdoor walking,
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where distractions frequently require a rapid response
or the inhibition thereof.

This need for rapid response in order to avoid fall
incidents might also explain the significant differ-
ences in RTT results between fallers and non-fallers,
coupled with a statistically significant though poor
accuracy in classification according to AUC analysis.
However, the regression analyses did not yield statis-
tically significant contributions from RTT, suggesting
that, compared with inhibitory choice stepping reac-
tion time (iCSRT), simple choice stepping reaction
time (CSRT) holds less significance. This is consist-
ent with previous research. For instance, Lord and
Fitzpatrick (2001) [30] observed increased CSRT in
older individuals prone to falls, yet subsequent stud-
ies such as Schoene et al. (2017) [21] who incorpo-
rated an inhibitory test component found that this
component improved the predictive ability of CSRT.

Conversely, the cognitive flexibility test failed
to differentiate fallers from non-fallers. Pieruccini-
Faria (2019) [31] identified concept formation (a
sub-component of cognitive flexibility) as a predic-
tive factor for falls and also a confounding variable in
the association between balance and falls. However,
they also found that this confounding effect was more
pronounced in individuals with poor balance, and the
overall cognitive flexibility score did not emerge as
a significant predictor for falls. These findings could



GeroScience

explain the outcomes of our study in which partici-
pants exhibited a rather good balance and in which
cognitive flexibility assessment was based just on a
reaction time score.

Instrumented assessments without a cognitive
component

The instrumented assessments without a cognitive
component (Coordinated Stability Test and the Sway
Test) demonstrated a poor discriminatory ability in all
statistical analyses, which is not in line with previous
research showing strong associations between poor
balance and an elevated risk of falls [31]. Our find-
ings deviate, either entirely [32-34] or at least partly
[30, 35], from previous research on fall risk factors.

For instance, similar to our study, Lord et al.
(2001) [30] did not discover any significant differ-
ences in sway test measures between fallers and non-
fallers. However, they did find worse performance in
a Coordinated Stability Test in fallers. Noteworthy,
the predictive ability of this Coordinated Stability
Test turned out to be weaker compared to CSRT, and
both the Coordinated Stability Test and the Sway Test
exhibited significant associations with CSRT in the
study by Lord et al. (2001).

One explanation for the differing results of our
study regarding the discriminative ability of the bal-
ance assessments could be that, as described above,
the balance ability of both fallers and non-fallers was
high, for instance higher than that of participants in
a prior usability study using the same Dividat Senso
assessments [25] which is why a ceiling effect might
have occurred. This in turn would explain why, in the
current study population, balance is a non-determin-
ing factor in terms of fall risk. Findings by Johans-
son (2017) [33] supported this idea since they found a
non-linear relationship between postural sway length
and number of falls with a significantly greater fall
frequency in the fifth quintile of sway length. Fur-
thermore, the disparities from other studies might
also be attributed to the slightly lower mean age in
the present study, as age has exhibited strong nega-
tive correlations with balance ability and positive
associations with the interplay of sensory, motor, and
cognitive functions [31, 36]. Finally, as Zhou et al.
(2017) [35] pointed out, standing postural sway is
complex, as it depends on various inputs (e.g., soma-
tosensory, visual, vestibular). Accordingly, they found

that traditional postural sway metrics, such as those
applied in our study, did not differ between fallers and
non-fallers, whereas measures of CoP entropy—non-
linear time-series analytical techniques—were able to
predict falls. This was confirmed by a previous ret-
rospective study revealing a stronger discriminative
ability of such temporal dynamics as compared to tra-
ditional postural measures analyzing spatial dynamics
of balance [37].

In summary, our results suggest that especially in
a rather high functioning population, balance might
play a subordinate role in fall risk and that simple bal-
ance metrics are not sufficient. This emphasizes the
importance of integrating a cognitive component in
the instrumented assessments.

Standardized geriatric assessments

The TUG test results differed significantly between
fallers and non-fallers and the test exhibited signifi-
cant (though weak) accuracy in classification. How-
ever, it did not contribute significantly in either of the
two main regression models. Thus, the TUG showed
some discriminative ability, but, overall, this ability
appeared weaker compared to the Go/No-Go Test.

This limited discriminative ability of the TUG
aligns with previous literature [38] asserting its use-
fulness in fall risk assessment primarily in more frail
older populations [39]. This is further underscored
when examining cut-off values detected in the present
(13.5 s) and in previous studies. Although proposed
cut-off values vary widely between studies [39], most
commonly > 11 s or even > 12.34 were recommended
[6, 13, 39-41]. In our study, however, the average test
completion time (8.6 s) was below most thresholds
defined in previous studies. Another explanation is
provided by Chiu et al. (2003) [42] who found that
the TUG test is highly sensitive in differentiating
multiple-fallers from non-fallers, however, less sensi-
tive in differentiating single-fallers from non-fallers.
In our study, though, the majority experienced only a
single fall.

As mentioned in the introduction, it must be con-
sidered that the instrumented TUG might be more
reliable in predicting fall status. For instance, Ponti
et al. (2017) [13] found that the pure completion
time was not significantly different between fall-
ers and non-fallers and reached an AUC value of
0.668, whereas the fusion of features extracted from
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accelerometer data resulted in a significant group
difference and increased the discriminative ability
to an AUC value of 0.84.

In summary, as Chiu points out, in a rather
healthy population the “low discriminative ability of
the TUG might indicate that the task involved could
not challenge the mobility and balance functions of
older people enough to reveal their risk for falls”
[42 (p.48)].

Due to multicollinearity with the TUG, the TUG-
DT had to be excluded from the first main regres-
sion analysis. Therefore, this regression analysis
was repeated with the TUG-DT as an independ-
ent variable and with the TUG excluded instead.
Remarkably, TUG and TUG-DT were mutually
interchangeable without concomitant alterations in
regression model accuracy and amount of explained
variance (y?(10)=29.21, p=0.001; Nagelkerke’s
R*=0.283) and with a similar non-significant
(»p=0.914) relative contribution to predicting fall
status, suggesting either a diminished discrimina-
tive capacity or a shared measurement of the same
construct in our population. This observation con-
trasts a number of prior studies that underscore the
predictive superiority of dual-task assessments over
single-task conditions [26, 43]. However, according
to a recent systematic review comparing the ability
of dual-task versus single-task tests to predict falls,
only half of the included studies could confirm this
superiority of dual-task tests which is why no defin-
itive conclusions can be drawn yet [44].

Overall, there is conflicting evidence regarding
whether to consider TUG(-DT) as standard geriatric
fall risk assessments in the first place. Nevertheless,
owing to their prevalent usage in clinical settings
and the absence of universally accepted method, we
opted to compare the instrumented assessments to
TUG and TUG-DT, guided in part by recommenda-
tions such as those by Ambrose et al. [45].

The STS test stood out in the AUC analysis,
showing the highest accuracy in classification of
all assessments. This accentuates its potential as an
efficient clinical fall risk assessment and is in line
with previous research [46]. One explanation might
be that STS performance reflects various sensori-
motor functions, balance, psychological processes,
and transfer skills [47], all of which have been asso-
ciated with falls.

@ Springer

Limitations

The biggest limitation of this study is that falls
were assessed retrospectively. A prospective or
longitudinal analysis is imperative for future inves-
tigations. Additionally, data on falls was collected
based on self-report, leading to potential (although
low) risk of recall-bias. Finally, the standardized
geriatric assessments examined in this study are
not exhaustive. There are other established geriatric
tests which are used for fall risk screening such as
the aforementioned Berg Balance Scale [9] and the
Tinetti Mobility Test [10].

Conclusion

Each instrumented motor-cognitive assessment
alone lacked acceptable accuracy in fall status clas-
sification, whereas all assessments together yield
the best results in terms of distinguishing between
fallers and non-fallers. This is in line with previous
research stating that due to the complex nature of fall
risk, there is no ideal assessment, but the use of mul-
tiple assessments is recommended [48]. Neverthe-
less, the fact that Go/No-Go is the only test reaching
significance in all analyses indicates a superiority of
instrumented assessments with a cognitive compo-
nent. Thus, it demonstrates that particularly assess-
ing inhibition could indeed provide an added value
for fall risk assessment and enhance the predictive
ability of TUG, TUG-DT, and STS alone.

However, it is imperative to acknowledge that the
participants in this study were physically and cogni-
tively high functioning and reported a low incidence
of falls. Results regarding the relative contribution of
instrumented assessments with and without cognitive
component and standardized geriatric assessments for
fall risk could differ greatly in frail populations with
mobility and/or cognitive impairments.

Finally, a notable advantage of all instrumented
assessments is their high precision (compared to non-
instrumented assessments). Extracted parameters
from the instrumented assessment of this study were
not exhaustive. Future studies should attempt to com-
pute more parameters that examine their utility in fall
risk assessment.
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