Metadata, citation and similar papers at core.ac.uk

Provided by Kanazawa University Repository for Academic Resources

Journal of the Tsuruma Health Science Society, Kanazawa University Vol. 35 (1)

Original Article 19~25 2011

Is dual task performance the most useful factor

for fall prediction ?

Tomomi Yamada, Fujiko Someya*

Abstract

The aim of this study was to clarify the usefulness of assessing dual task
performance for fall prediction. In experiment 1, we prospectively investigated the
new fall experiences of 108 participants (50 elderly daycare users and 58 fall
prevention class participants) and produced a fall prediction model. The fallers
represented the subjects who suffered a new fall experience during the follow up 12-
month period, whereas the non-fallers did not fall during this period. The two
groups were compared with regard to their age, sex, history of falling, medication
related to falling, grip strength, gait speed, step length, dynamic standing balance,
the Timed Up and Go (TUG) test score, dt-TUG score, %TUG, and mini-mental
state examination score. Multivariate logistic regression analyses were performed to
produce a fall prediction model. In experiment 2, we investigated the accuracy of
the fall prediction model using 39 newly recruited individuals. In experiment 1, 8
(13.8%) of the fall prevention class participants fell within 12 months. Among the
fall prevention class participants, there were significant differences in grip strength,
gait speed, step length, TUG, and dt-TUG between the fallers and non-fallers. In
stepwise logistic regression analysis, two factors were found to have value for fall
prediction; ie, falling within one year preceding the baseline and TUG. In
experiment 2, 12 people were predicted to fall within the 12-month follow-up period;
however, only 5 people actually fell. Three of them were predicted to fall, but 2 of
them were not. The success ratio of the fall prediction model was 60%. Nine of
the 12 people that were predicted to fall did not. Our result showed that TUG was
the most important factor for fall prediction; however, dt-TUG was also related to
fall prediction in individuals that were not in receipt of care services. Therefore,
dual task performance could be a useful reference factor for fall prediction.
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Introduction have intervened in fall prevention in many cases.

Falls can change the quality of life of healthy
elderly individuals. In Japan, people aged 65 years
or older now represent more than 21%" of the
population; therefore, the detection of fall risk in
the elderly is very important. Measures to protect
the elderly against falling have been taken in all
parts of Japan. For example, occupational therapists

Nevitt MC et al? reported the intrinsic risk factors
for falling and divided them into three levels,
strong, moderate, and weak. The “strong” risk
factors included an age of 80 years or older, being
female, mobility impairment, a history of falls, poor
performance in an activity-based test of balance,
slow gait speed, short step length, poor physical
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performance, reduced muscle strength, cognitive
impairment, Parkinson’s disease, and medication;
however, poor dual task performance was not
shown to be an intrinsic risk factor. The incidence

3-7)

of fall is varied among the studies”™ and one of the

reasons of this variety might be due to the various
profiles of subjects in each study®*?.

Some studies”® have reported a relationship
between dual task performance and fall risk.
Therefore, an assessment involving complex dual
task performance might predict falls better than a
physical assessment or a simple cognitive task
alone. Dual task studies could provide new
interventions for occupational therapists when
added to tasks considering physical function,
cognitive function, and the environment.

In a previous study, we investigated fall risk
using a semi-structured interview, a physical
assessment, and dual task performance as a cross-

%) As a result, we suggested that a

sectional study
slow gait speed and a short step length were
“strong” risk factors for falling, and it was also
suggested that dual task performance is partially
related to fall risk. Moreover, physical assessments
and dual task performance could not predict the
risk of fall in participants that had suffered a
stroke or were on medication. Thus, previous
studies have not clarified the importance of dual
task performance on falls.

In experiment 1, we prospectively investigated
the new falling experiences of the 108 individuals

2 over a 12-

we examined in our previous study
month period and assessed the accuracy of fall
predictions derived from dual task performance.
We subsequently produced a fall prediction model.
In experiment 2, we investigated the accuracy of
the fall prediction model in 39 newly recruited
individuals. The objectives of this study are to
clarify the usefulness of assessments of dual task

performance for fall prediction.

Method
1. Experiment 1
Participants and Procedures
The study design and data collection were

22)

described in our previous report™. The previous

study included 108 individuals of 65 years or older,
including 50 elderly daycare users and 58 fall
prevention class participants, who were recruited
in 2005. Information on fall incidents was collected
during a 12-month follow-up period from two
sources. Elderly daycare users were asked whether
they had fallen in the previous year by their
medical staff, and the fall prevention class
participants were questioned by phone. The
response rate was 95.4%; 45 elderly daycare users
and 58 fall prevention class participants participated
in the study. The selected subjects were able to
walk at home and carry out tasks, even though
some of them had dementia, visual or hearing
impairments, or partial paralysis.

Age, sex, fall history, medication, Mini-Mental
State Examination (MMSE) score, grip strength,
gait speed, step length, dynamic standing balance
and Timed up & Go test (TUG) score were
assessed. For the dual task test, a 2-step forward
calculation was performed during the TUG (dt-
TUG). It is because that this dual task was
reported to affect motor performance in the
elderly but not in the young®. The subjects in the
fall prevention class could not undergo the MMSE
because the class sponsor prohibited it.

Medication use was classified into two categories:
(1) no medication use or medication unrelated to
falling and (2) medication related to falling (hypnotics,
benzodiazepine, antidepressants, neuroleptics,
antihypertensives, vasodilators, NSAID, cardiac
drugs, antiepileptic medication, antiparkinson’s
medication, or chalybeates).

The dt-TUG was assessed using two kinds of
evaluation, one was performance time, and the
other was whether they “Stopped walking when
talking”. The ratio obtained by dividing dt-TUG
score by TUG score was calculated as follows: dt-
TUG / TUG x 100 = %TUG.

2. Statistical Analysis

We showed the characteristics of the two facilities
separately to know the difference of incidence of
fall. The subjects’ baseline characteristics are
shown in table 1. The fallers represented those
participants who suffered a new fall experience
during the follow up 12-month period, whereas the
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non-fallers did not fall within this period. The two
groups were compared using the Student t-test for
continuous variables: age, grip strength, maximum
walking speed, step length, TUG, dt-TUG, %TUG,
and MMSE score; the Mann-Whitney U-test was
used for comparing ordinal variables: dynamic
standing balance; and the Chi-square test was
used to compare categorical variables: fall history
and medication related to falling.

Secondly, multivariate logistic regression analyses
were performed to elucidate the relationships
between fall occurrence during the follow-up
period and the baseline characteristics. Variables
showing statistically significant associations (p<
0.15) in this analysis were entered into the
subsequent stepwise logistic regression analysis to
produce a fall prediction model.

Thirdly, the wvalidity of the stepwise logistic
regression model was compared by computing its
sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and the
likelihood ratio (LR) divided by the cutoff score for
each parameter at a criterion level of 0.05. Cutoff
scores were calculated from a Receiver Operator
Characteristic (ROC) curve (Figure.1). The LR
combines sensitivity and specificity into a value of
prognostic accuracy at an individual level?”. The
thresholds for prognostic significance were: positive
LR>2.0 (LR+) and negative LR<0.5 (LR-)*.
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Figure 1. ROC curve area and cutoff point of TUG

All analyses were performed in JMP, version 7.0.
Significance was set at p<<0.05.

Experiment 2
Participants and Procedures

The participants were recruited through the
Nomi Municipal Hospital and a senior citizens’
class in Nonoichi. The inclusion criteria were the
same as in experiment 1 but participants in receipt
of a care service were excluded. The study was
approved by the Medical Ethics Committee of
Kanazawa University (Ethics judgment number:
140), and the participants gave their informed
consent to participate in this study.

Thirty-nine individuals (26 women and 13 men,
mean age = SD = 75.0 £ 4.8 years) were enrolled
this study between April and July 2008. Two
participants (5.2 %) suffer a stroke, and 2 other (5.2
%) underwent total knee arthroplasty. However,
they were able to carry out our evaluation tasks.

First, the participants’ data was input into the
fall prediction model produced in experiment 1.
During the next 12 months, information about any
new fall experiences was collected by phone
between April and July 2009. Then, we calculated
the accuracy of the fall prediction model.

Results
Experiment 1

None of the fall prevention class participants
died during the follow-up period. All of them were
asked about any falls they had suffered, and 8
(13.8%) of these subjects fell during the 12-month
study period.

Five of the elderly daycare users dropped out
because they were hospitalized or had left the
elderly daycare service, and 16 (32.0%) of these
subjects fell during the 12-month study period.

Table 1 shows that there were significant
differences in grip strength, gait speed, step length,
TUG, and dt-TUG between the fallers and non-
fallers among the fall prevention class participants.
However, there were no significant differences in
the any of the parameters among the elderly
daycare users. Accordingly, the forward analysis
was only applied to the fall prevention class
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Table 1. Comparison of baseline characteristics between elderly subjects who did and did not fall during the 12-month study

period

Fall prevention class participants

Elderly daycare users

Non-fallers Fallers Non-fallers Fallers
n=50 n=8 P n=29 n=16 P

Age, mean =SD 751£52 76.1%79 0.629 84.1%52 86.4+5.7 0.170
Female, n (%) 35(60.3%) 8(13.8%) 0.072 23(51.1%) 13(28.9%) 0.876
History of falling at the baseline, n(%)  24(41.4%) 6(10.3%) 0.156 23(51.1%) 14 (31.1%) 0.492
D i e year preceding the - 191720)  4(69%) 0.066 11(244%)  6(133%) 0977
Medication related to falls, n (%) 27 (45.6%) 4(6.9%) 0.833 22(48.9%) 13(28.9%) 0.677
Grip strength (kg) 27.04%5.61 22.22+3.63 0.029 1951 +5.37 1792422 0.312
Dynamic standing balance (point) 1.58 £0.70 2.00£1.20 0.164 241 £0.98 2.50£0.90 0.773
Gait speed (m/min) 89.89+16.30  7553+16.21 0.024 55.34+1878 5340+15.03 0.803
Step length (m) 0.683+0.099  0.593%0.092 0.020 0476+0.106  0.471%0.108 0.867
TUG(s) 76+12 9.7+18 <0.0001 155+79 14.0+48 0.500
dt-TUG (s) 9219 10727 0.048 214%125 18476 0.391
%TUG 120.0+17.2 1083%13.2 0.071 1384+359  131.9%32.2 0.553
Stop walking when talking, n (%) 4(6.9%) 0(0%) 0.407 6(13.3%) 5(11.1%) 0.430
MMSE 238+46 249+46 0.413

Table 2. Risk model for the prediction of falls obtained by multiple logistic regression analysis (N=58)

Variable x? p OR 95%CI

Fall experience within one year preceding the baseline, n (%) 2.32 0.1315 433 0.80 —5.40

TUG(s) 12.76 0.0036 3.02 1.57-7.26

OR: odds ratio, 95%CIL: 95% confidence interval
participants. described below.
In the stepwise logistic regression analysis, two
factors were chosen as predictors of falls; i.e., a log p/(1-p) =11.099 +0.733 % (fall within one year
preceding the baseline, Yes=—1, No=1)-1.104 x TUG
p < 0.5: No fall
p > 0.5: Fall

p: occurrence probability

fall within one year preceding the baseline and
TUG. In table 2, the multivariate regression model
shows that TUG was significantly associated with
new fall events, and the fall prediction model is

Table 3. Cutoff scores for falls during the 12-month study period (N=8) versus no falls (N=50)

Cutoff Sensitivity Specificity PPV NPV LR+ LR- AUC
Fall experience within one year preceding .o 50(4/8)  80(40/50) 287 909 25 16 0635
the baseline
Grip strength (kg) <219 625(5/8)  86(43/50) 417 935 4.46 229 0748
Gait speed (m/min) <7673  625(5/8) 80(40/50)  33.3 93.0 3.13 213 0.723
Step length (m) <0.556 50(4/8) 88(44/50) 40 91.7 4.17 1.76 0.74
TUG (s) =93 625(5/8)  94(47/50) 625 94 1042 251 0.82
dt-TUG (s) >1249 50(4/8) 94(47/50) 571 92.2 8333 188  0.696
%TUG >11232  75(6/8) 68(34/50) 273 944 2.34 272 0695
The fall prediction model
Fall experience within one year preceding 100 68 333 100 3195 0.888

the baseline and TUG

PPV: positive predictive value, NPV : negative predictive value, LR+: Likelihood Ratio of a positive test result,
LR-: Likelihood Ratio of a negative test result, AUC: Area Under the ROC Curve




Table 3 shows each cutoff point, the area under
the ROC curve (AUC), and the values associated
with the accuracy of fall risk prediction derived
from grip strength, gait speed, step length, TUG,
dt-TUG, %TUG, and the fall prediction model.
Each cutoff point was defined as the point at which
the sum of sensitivity and specificity was highest
(Figure 1). The cutoff points for TUG and dt-TUG
were 9.3 and 1249 seconds, respectively. While
some sensitivity values were as low as 62.5 and
50%, the largest AUC and the highest sensitivity
were found in the fall prediction model: 0.888 and
100, respectively.

Experiment 2

The fall prediction model was applied to all
participants. All of them provided information
about their fall experiences. Twelve individuals
had been predicted to fall during the 12-month
follow-up period; however, only 5 people actually
fell. Among these 5 individuals, three of them had
been predicted to fall, but 2 had not been predicted
to fall. The success ratio of the fall prediction
model was 60%. Nine of the 12 individuals that had
been predicted to fall did not fall.

Discussion

Our result showed that TUG was the most
important factor for fall prediction; however, dt-
TUG was also related to fall prediction in
community-dwelling people that were not in
receipt of a care service. Therefore, dual task
performance could be a useful reference factor for
fall prediction.

For elderly daycare users, the number of faller
was larger (32%) than those of previous studies
(from 10 to 20%) and there were no significant
differences between the fallers and non-fallers in
any of the factors we examined. These results
suggest that fall in elderly daycare users does not
occur according to their physical factors examined
here but to another unrevealing factor. This result
and those of our previous study?® suggest that
individuals who need elderly daycare are always at
risk of falling; therefore, fall prediction is pointless
for this group.

Changes in gait due to dual task performance

% and a

have been reported among older adults
relationship between gait during dual task
performance and future falls has been reported'®®.

11 suggested that backward counting

Beauchet et a
provoked significant gait changes compared to
walking alone, but did not provide any additional
predictive information with regard to fall prediction
including from simple walking. This result
supports our findings.

17 reviewed studies about the

Beauchet et a
utility of dual task performance for fall prediction
performed from 1997 to 2008. Some studies®?
suggested that dual task performance was related

B30 guggested the

to fall risk, whereas others
relationship was weak. However, these studies did
not involve a standardized method, participant
characteristics, etc.; therefore, no consensus on the
utility of dual task performance in relation to fall
prediction has been reached.

Nordin E et al* suggested that a shorter step
length during dual task performance than during
simple walking was related to fall prediction. In
the future, we need to study the appropriate usage
of dual task performance in the relation to fall
prediction.

In experiment 1, we produced a fall prediction
model and then investigated the accuracy of the
model. As a result, we found that the success ratio
of the fall prediction model was 60 % in experiment
2. Previous studies indicated that about 10-20% of
elderly people experience a fall within a 12-month
period, while 12.8% of all participants fell during
the 12-month follow-up period in this study. A
meta-analytical method should be used to produce
a more accurate fall prediction model in future.

The limitation of our study is that we use a 2-
step forward calculation and TUG as the dual task
test, while the result evaluating by another type of
dual task test on fall is still obscure. A counting
task depends on working memory and information
processing relates to executive function®*. In this
study, we should assess physical performance
making the most of dt-TUG because of the lack of
MMSE in the fall prevention class. Therefore, it
will be the future theme of study to assess working
memory on fall. Another limitation is that the
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living environment of the participants is not
evaluated. The fall incidence of the community-
dwelling elderly is known to depend on their
surroundings, while the fall in the elderly receiving
care service depends on their physical disorder®”
The issue of the
variant factors affecting fall among subjects’

in conflict with our results.

groups is still remained.
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