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jury (6). All older adults were community-dwelling and
lived independently.

Participants were asked to report any neurclogical or
musculoskeletal impairment, and were excluded from
the study if any problems were reported. All participants
were examined for cognitive functioning by the Mini-
Mental State Examination and all attained a score of 24
or above, which was indicative of intact cognitive function.
Participants’ binocular visual acuity was examined with a
Snellen eye chart, and all participants were found to
“have 20/40 vision or better. No participants wore spec-
tacles during visual screening or the experimental task.

We performed a comfortable 10-m walking test, the
timed up and do test. functional reach test, 1 leg standing
test, and 5 chair stand test to assess balance and loco-
motion performance. The Mann-Whitney U-test was
used to assess which group showed significant differ-
ences. Compared with the faller group, the non-faller
group showed no significant differences in any mea-
surernent (p>0.05) (Table 1).

The experimental protocol was approved by the Kyoto
University Graduate School of Medicine and all partici-
pants gave written informed consent prior to data ¢
lection.

Data collection
Gaze behavior was r

ngldiy on the head (7). T
determine when visug »
walls or floor o or visual fixations on the floor,
gaze location was determined relative to a grid marked on

Table'1 - Baseline characteristics of study participants by group.

the floor. An overhead video camera was used to resolve
the step-landing site relative to this same grid and to
determine whether obstacle contact occurred. A calibra-
tion procedure required each participant to stare at each
of 9 points of a matrix placed in the frontal plane. This
was followed during data collection by frame calibration,
performed before and after each trial, relative to a set of
reference points in the travel path.

Protocol

Participants stood with their eyes closed before each tri-
al, while the 3-crm obstacle was placed at a random lo-
cation between 4 and 6 m away on the walkway. The ex-
perimental set-up is illustrated in Figure 1A. On the ver-
bal command of “Go,” participants opened their eyes,
walked down the waikway and stepped over ’the obstacle.

- Five trials were collected in each condmo 3
when participants opened th ir e :

.gaze cursor

icxpants Walked
he obstacle at a

ing and counting at the same ’ame was emphasmed to
rticipants, who were asked to walk and count to the
best of their capacity without prioritizing either task.
Counting mistakes were not corrected (8). Before the test
was performed, a trained evaluator gave standardized
verbal instructions regarding the test procedure, together
with a visual demonstration of the trial. The order of
performing these tasks was randomized.

Faller group

" Non-faller group

{n=9) {n=9) p-value
meanxSD meanzSD

Age 79954 83.4+3.6 0.171
Height - cm 149.5+12.6 153.0+8.3 - 0.58
Body weight kg 52.2x10.2 49.2+3.3 0.85
Gender, female n (%) 5{55.5%) 4 (44%) 0.50
MMSE point 27.1£2.0 27.6x2.2 0.65
10-m walking time sec 12.1+4.0 14.1£3.9 0.34
10-m walking steps steps 22.7x4.1 22.4x24 0.86
“Timed up and go test sec 13.815.2 15.422.8 0.56
Functional reach cm 241+3.8 21.3+£3.8 0.16
One leg standing sec 6.8+6.7 4.4x4.4 0.49
5 chair stand _ sec 14.3+4.3 14.4+7.3 0.49.

Values are expressed as means+standard deviation.
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Data analysis

Frame-by-frame video-based analysis was performed to
‘record which environmental features were fixed following
each gaze transfer. Gaze behavior was defined relative to
locations and objects within the scene as staring at a lo-
cation in'the walkway or a shift in gaze from one location
to another. Two gaze behaviors (stare or saccade) were de-
fined with minimum duration parameters derived from the
available literature on eye movements. The minimum
duration of a stare varies in the literature, ranging from 80
ms to 150 ms; it was set here at 99.9 ms (3 frames) and
“defined as stabilization of the gaze on a location in the en-
vironment. Therefore. both gaze and scene were moving

at the same speed and the scene was not blurred. A

saccade was coded when a rapid shift in gaze was ob-
served from one defined location to another, with a
movement time of 266.6 ms (22 frames). During a sac-
cade, the scene was stable and the gaze moved between
2 meaningful locations.

The onset of step 1 was gait initiation. Heel strike de-
fined the onset of subsequent steps. Duration of gaze be-
havior (obstacle fixation) was quantified for the approach
phase, defined from the initiation of gait to the initiatio
of lead limb swing phase over the obstacle. The i
gaze transfer from obstacle measures w
steps before the obstacle (n-5), 4 ste

o

alys
, design ANOVA was ate the ef-
fects of each participant group {fallers vs non-fallers) and
task condition (ST condi DT condition) on the tim-
ing of gaze trai m the obstacle. The post-hoc
Bonferroni-adjusted Mann-Whitney U-test was used to as-
sess which group showed significant differences (signifi-
cance level p<0.025). The Bonferroni adjusted Wilcoxon
test was used 1o assess which condition showed significant
differences in each group (significance level p<0.025). Da-
ta were recorded and analysed with PASW Statistics 18.

RESULTS

 The major findings from statistical analysis are shown in
Figure 1. There were no significant main effects of task
condition (Fy 15=2.716, p=0.119) or group (F; 14=3.277,
p=0.089). There was a significant interaction effect be-
tween group and task condition (F; 1¢=7.939, p=0.012).

In the ST condition, compared with the faller group, the
non-faller group showed no significant difference in timing
of gaze transfer from the obstacle (faller: gaze transfer from
obstacle at 1.6+1.1 steps before the obstacle; non-faller:
1.96+0.7 steps before, p=0.493) (Fig. 1B}. In the DT con-
dition, the faller group chose transfer of gaze strategy from
the obstacle significantly earlier than the non-faller group
{faller: 2.7+1.4 steps before; non-faller: 1.6+0.5 steps be-

Gaze behavior during obstacle avoidance

Step n-3 Stepn-2 .

Fig. 1 - Experimental Protocol and Gaze Behavior. {A) Sketch of
experimental task. The 3-cm obstacle was placed at a random lo-
cation 4-6 m away on the walkway. The timing of gaze transfer
from the obstacle was quantified for 2 steps before (n-2), 1 step be-
fore (n-1) and the step over the obstacle (n). (B) In the ST condi-
tion, compared with the faller group, the non-faller group showed
no significant difference in timing of gaze transfer from obstacle.
In the DT condition, the faller group chose a transfer of gaze strat-
egy from the obstacle significantly earlier than the non-faller
group. *p<0.025. (C.D) Representative gaze behavior in faller
group. In the ST condition. fallers looked at obstacle 3 steps be-
fore stepping over it. In the DT condition, fallers looked away
from the obstacle 3 steps before stepping over it.

fore, p=0.008) (Fig. 1B,C,D). There was no significant dif-
ference in timing of gaze transfer from the obstacle for the
non-faller group between the ST and DT conditions
(p=0.414) (Fig. 1B). However, there were significant
differences in timing of gaze transfer from the obstacle for
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the faller group between the two conditions (p=0.008)
(Fig. 1B.C.D}.

DISCUSSION

The results showed a similar pattern of gaze behavior
in both groups in the ST condition. However, in the
DT condition, the faller group looked away from the
obstacle significantly sooner than the non-faller group.

Chapman and Hollands (8) reported that high-risk old-
er adults looked away from a target significantly sooner and
demonstrated less accurate and more variable foot place-
ments than low-risk older adults. These findings suggested

" that high-risk older adults may prioritize the planning of fu-
ture actions over the accurate execution of ongoing move-
ments, and that adoption of this strategy may contribute to
the increased likelihood of falls. This early transfer of
gaze by high-risk older adults was accompanied by a sig-
nificant increase in foot placement variability. The present
study showed that the faller group looked away from the
obstacle significantly sooner than the non-faller group. The
faller group adopted a strategy whereby, to maximize
the amount of time available to the central nervous system
to plan future movements, participants transferred their
gaze away from the obstacle 3 steps before it.

mental effect
adults. For examp e anxious clder individuals have been
shown to perform worse during a dynamic postural control
task (9, 10), and anxiety has been shown to be a significant
predictor of decline in “successful obstacle avoidance dur-
ing locomotion {11).

There are several possible limitations to our study.
First, the experimental set-up involving the negotiation of
an obstacle course while undertaking a secondary task
over a sustained period was more complex than conditions
.older people commonly encounter during daily activi-
ties. Second. obstacle avoidance strategy probably differs
in indoor and outdoor environments, Third, an MMSE is
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anmety has a detri-
ional performance of older .

not enough to assess cognitive function in a greup for a
confirmatory DT experiment. Fourth, our limited sample
size may introduce some error of inference, reduce the
power of the analysis, and limit generalization of results.
Thus, the results of the present study should be viewed as
preliminary.

Our findings suggest that fallers chose an early trans-
fer of gaze strategy when challenged with an obstacle in
DT conditions. Future research should determine whether
a prospective cohort study on the relationship between fre-
quency of falls and gaze shift abnormalities is warranted.
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Seated stepping exercise in a dual-task condition
‘improves ambulatory function with a secondary task:
a randomized controlled trial

Minoru Yamada, Tomoki Aoyama, Buichi Tanaka, Koutatsu Nagai and Noriaki Ichihashi
Department of Human Health Sciences, Kyoto University Graduate School of Medicine, Kyoto, Japan

ABSTRACT. Background and aims: A close rela-
tionship exists between dual-task (DT)-related gait
changes and the risk of falling in the elderly. However,
the impact of DT training on the incidence of falls in
the elderly remains unclear. We_ aimed to evaluate the
effects of a seated stepping exercise in DT conditions to
improve walking ability in community-dwelling elderly.
Methods: This was a randomized controlled trial (RCT)
in community-dwelling elderly in Japan. Fifty-three
participants were randomly assigned to a DT group
(stepping exercise in DT conditions, n=26) and-a single-
task (ST) group (stepping exercise in ST condxt:o
n=27). All participants received 50 min group
sessions. once a week for 24 weeks. Outcorr

ST groups. Results Partici-
showed

enumerated ﬁ it P
strated significant Gréup x Ttme interactions (p<0.05).
Conclusions: This: RCT suggests that the seated step-
.ping exercise is more effective at improving ambulato-
ry function in DT conditions than in ST conditions.
{Aginig Clin Exp Res 2011; 23: 386-392)

©2011, Editrice Kurtis

INTRODUCTION

In realife situations, locomotion commonly occurs in
complex conditions, cognitive attention being focused on
events such as watching traffic or reading signs, rather than
on performing specific motor tasks (1). With advancing age,

locomotion during activities of daily living becomes more dif-

aI task On paradzgms

ficult, and often becomes a complex multi-task challenge (2).
Hence, it is believed that some falls result from loss of bal-
ance during preoccupation with another attention-de-
manding activity.

Concurrent cogmhve or motor tasks such as, talking or

posturai control and gai

obil 1ty (5). However, DT waikmg as a reli-
éﬁredxctor of falls is limited to elderly adults with high-
functional capacity {6).

The effect of DT training on the incidence of falls in the
elderly remains unclear. Melzer et al. {7) reported that reg-
ular exercise protects against physical functional loss in the
elderly, and that DT performance improves with training
and protects against decreases in voluntary step execution

" times during single-task (ST) but not during DT conditions.

Hall et al. (8) showed that Tai Chi improved subjects™ abil-
ity to allocate attention to balance in DT conditions. Al-
though data on the effects of DT training on balance per-
formance is limited, Kramer et al. {9) investigated DT train-
ing using 2 cognitive tasks unrelated to balance. Partici-
pants: who were trained with variable-priority instruc-
tions (shifting attention between tasks) learned tasks
faster and performed better than those who received
training with fixed-priority instructions (placing equal
amounts of attention on both tasks). These results support
the importance of an instructional set in DT training.

Key words; Ambulatory function, dual-task. elderly, randomized conirol trial, stepping exercise.
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In this randomized controlled trial (RCT), we compared
the effects of 2 different training approaches for comnmunity-
dwelling elderly. As the elderly face similar situations in dai-
ly life, we attempted to develop a seated stepping exercise
in DT conditions that could be easily performed indoors.
Our pilot research demonstrated that DT walking ability and
seated stepping ability in DT conditions are correlated
(unpublished data). In addition, since there is no risk of falling
from a seated position, participants may safely exert max-
imum stepping effort. We hypothesized that divided at-
tention in DT conditions would be improved with a seated

stepping exercise in DT conditions {DT stepping exercise) -

to a greater extent than in ST conditions (ST stepping ex-
ercise). We expected that the DT stepping exercise would
be more effective in improving locomotive performance in
DT conditions.

METHODS
Participants

 Participants were recruited through public relations
magazine advertisements, and had to be community-

dwellers of at least 65 years of age. All participants were.

classified as strongly right-handed according to the Edin-
burgh Handedness Inventory (10). An zmtxal i
sured that participants met the followiny
years, community-dwelling, had seen a pz‘f
clan within the pre\nous 3 v
Mini-Mental

ercise &urmg the previou .-Exclusion criteria
were severe cardiac, pi ) sculoskeletal disor-
ders. patholog ed ‘with increased fal] risk (i.e.,
Parkinson’s disease or stroke), osteoporosis, and the use of
psychotropic drugs. These criteria were assessed through
participant interviews. Seventy-eight subjects volunteered to
participate; of these, 25 subjects did not meet the inclusion
criteria, resulting in a-study population of 53 participants.
Wiritten informed consent was obtained from each partic-
ipant in accordance with guidelines approved by the Kyoto
University Graduate School of Medicine and the Declaration
of Human Rights, Helsinki, 1975.

Study design and randomization

This RCT included 53 participants who met the inclusion
ciiteria, randomized into 4 blocks. In this sequence, opaque
envelopes bearing group names were numbered and the 53
participants were randomly assigned to the DT group
{n=26) or ST group (n=27).

Intervention

All participants received 50-min group training ses-
sions once a week for 24 weeks. Participants were ran-
domly assigned to 1 of 2 training groups: 1) seated stepping

Controlled trial of dual-task exercise

exercise in DT conditions {DT group) or 2) seated stepping
exercise in ST conditions (ST group). In otder to judge the
effect of pure DT training, a control group was not assigned
in this trial. Each group was trained in a standardized format -
which included 20 min of moderate-intensity aerobic ex-
ercise, 20 min of progressive strength training, and 10 min
of flexibility and balance exercises while seated, followed by
exercises known to improve muscle strength and balance
(12, 13). The aerobic exercise, performed from a seated po-
sition, involved movement of the legs, trunk and arms to in-
volve all joint and major. muscle groups. Strength training
involved progressive resistance exercise involving movement
of the legs and trunk against an elastic band. Participants did
2 sets (20 repetitions per set) of exercises on each muscle.

Balance training consisted of lateral and anterior-pcsterior
weight shifting {upper half of the body), also perfenned from
a seated posmon Par’ncrpants did 2 sefs 10

“Please enumerate a kind of animal”

ST stepping exercise

DT stepping exercise

Fig. 1 - Sketch of seated stepping exercise during dual-task condi-

tion. Participants were required to step out with both legs as
quickly as possible and return legs to initial starting position. In DT
group. participants were asked to perform a verbal fluency task dur-

ing stepping (DT condition), consisting of enumerating words in a
category (e.g., animal name, vegetable name, fruit name, fish
name) or letter (e.g.. a word that begins with “A”) at a self-selected
speed. In the ST group, participants were asked to perform stepping
only (ST condition).
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ticipants stepped up and down alternating between left
and right legs as quickly as possible while returning the
legs to the initial starting position. The minimum lifting
height for stepping was lifting the plantar surface from the
ground. The intensity of the exercise was increased over
the 12-week period by increasing the total stepping time.
Both groups completed 10 sets of 5 s per set of stepping
exercises in weeks 1-12, increasing to 10 sets of 10 s per
set in weeks 13-24. .

In the DT group. participants were asked to perform a
verbal fluency task during stepping (DT condition), con-
sisting of enumerating words within a category (e.g., an-
imal name, vegetable name, fruit name. fish name) or let-
ter (e.g., a word that begins with “A”) at a self-selected
speed. Thls task was self-gener ated participants did not
read from a list, but had to conceptualize and vocalize
each word. The verbal fluency task was changed for
each exercise session. Participants were not specifically in-

structed to prioritize either task, but were asked to com-
bine both tasks as best they could. The instructions were
as follows: “Please step as quickly as possible, and avoid
making mistakes to the best of your ability.” In the ST
group, participants were asked to step without bein
-given another task (ST condition). Durin exerci
amount of stepping and number of terms
verbal fluency task were not measured.

Outcome measurés

tsons (MT walking), and
stepping while er the 24-week period (post-test),
they were evaluated by a physiotherapist who was blind to
group allocation. All pre-test measures were completed
prior to randomization. Before commencing the study, all

staff members received training from the author (M.Y.) on

the correct protocols for administering all assessment
measures included in the study.

TUG is one of the most frequently used tests for bal-
ance and gait and'is often used to assess fall risk in older
adults. During TUG, participants were asked to stand up

from a standard chair with a seat height of 40 cm, walk -

a distance of 3 m at a normal pace, tumn, walk back to the
chair, and sit down, Time measured in seconds began at
the word “go” and ended when the participant’s back
touched the backrest of the chair. Shorter time intervals

required to accomplish this task indicate better balance,

strength and power. A practice trial was performed. fol-
lowed by 2 recorded trials. The recorded times for the 2
trials were averaged to give the TUG score.

In FR, each participant was asked to stand near a wall
with one arm raised at 90° and fingers extended. A yard-

388 Aging Clin Exp Res, Vol. 23, No. 5-6

. to obtain the OLS score.

stick was mounted on the wall at shoulder heighit. The dis-
tance covered while reaching forward from an initial upright
posture to the maximal anterior leaning posture without
moving or lifting the feet was visually measured in cm at the
third fingertip position against the mounted vardstick. Dis-
tances measured for 2 trials were averaged to obtain the FR
score, higher valiie indicating better balancing ability. FR was
measured for both arms in all participants.

In OLS, participants were instructed to start from a po-
sition with a comfortable base as support, with eyes
open and arms hanging by their sides. They were then in-
structed to stand unassisted on one leg {left or right,

- participant’s choice). OLS was tested in seconds from the

time one foot was lifted from the floor to when it touched
the ground or the standing leg, longer times indicating bet-
ter balance. Times measured for the 2 trials were averaged

In ST waiking, participants

were asked to walk and count to the best of their abil-
y without prioritizing either task. Before the test was per-
formed, a trained evaluator gave standardized verbal in-

structions regarding the test procedure, together with a vi-

sual demonstration of the walking test (18). The numbers
counted and steps taken were video-recorded. We defined
the number of enumerated figures while walking as the
number achieved at completion of the 10 m distance.
Counting mistakes were not corrected (17). Test-retest re-
liability with the intra-class correlation coefficient (ICC
[1.1]) was 0.978. The times recorded for the 2 trials
were averaged to obtain the CT walking score. The vari-
ables recorded included time, steps, and cadence (in
steps/minute). The CT cost was then calculated as follows:
CT cost [%] = 100 * (ST walking speed — CT walking
speed)/ ({ST walking speed + CT walking speed)/ 2)
In MT walking, participants walked 15 m at a com-
fortable speed while carrying a ball (150 g, 7 cm diameter)
on a tray (50 g, 17 cm diameter). The instructions were as
follows: “Walk at a comfortable speed while carrying this
tray and ball in your left hand (or the hand without a
cane)”. Dropping the ball or tray was considered as a
failure. Before the test was performed, a trained evaluator
gave standardized verbal instructions regarding the test pro-

" cedure, together with a visual demonstration of the test.

Test-retest reliability with the intra-class correlation coef-
ficient (ICC [1.1}) was 0.976. The times recorded for the
2 trials were averaged to obtain the MT walking score.
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Time, steps, and cadence (in steps/minute) were recorded
as variables. The MT cost was then calculated as follows:

MT cost [%] = 100 * (ST walking speed — MT walking
speed)/ (ST walking speed + MT walking speed)/ 2)

For stepping, participants were asked to count back-
wards from 70, aloud, while stepping from a seated po-
sition at 40 cm. They were asked to step as quickly as
possible, and the 5-s step total was measured on a 60 x
55 cm step counter sheet (TKK 5301; Takei Scientific In-
struments Co. Ltd., Niigata, Japan). We defined the
number of enumerated figures while stepping as the
number achieved within 5 s. Test-retest reliability with the
intra-class correlation coefficient (ICC [1.1]) was 0.988.
The number of steps measured for the 2 trials were av-
eraged to obtain the Stepping score.

. Regquired sample size

" A preliminary survey for this study showed that the DT
stepping exercise produced a large improvement in CT
walking time among 15 community-dwelling Japanese el
derly (pre-intervention= 12.6+3.4 s, post-intervention=

9.6x2.5 s). With a significance level of 0.05, a power of *

80%, and a large effect size (0.9), 21 participants were
]

counting for a potential 20% attrition rate;
were targeted for this study. The numbe

between the DT and ST groups dent’s t-test or the
chi-square test. The K ov-Smirnov test and Mann-
Whitney U-test d'to evaluate the normality of dis-
tributions and differences in baseline characteristics be-
tween groups, respectively.

Analysis of covariance (ANCOVA) was used to deter-
mine the effect of the exercise program on each outcome
measure, with baseline values as covariates. Tukey’s
post-hoc test was used to assess which group or time
showed a significant difference. Data were analysed with
the Statistical Package for Social Science (Windows ver-
sion 11.0). A p-value <0.05 was considered statistically
significant.

RESULTS

We enrolled 53 of 78 screened individuals (68%) who
were eligible for this study. Of those who did not meet the
inclusion criteria (n=25), most were excluded because they
had exercised regularly for 6 months prior to screen-

ing. Three people who may have been eligible declined af-

ter a round of telephone screening. Of the 53 subjects, 50
(94%) completed the protocols and returned for their
exit interviews and final testing (mean age, 80.8+6.7
yrs; range,-67-97 yrs) {Fig. 2}.

Controlled trial of dual-task exercise

Assessed for Eligibility (1=78)

Excluded (n=25)

* 19 did not meet
inclusion criteria

« 4 refused to participate

. Randomized (n=53)
Allocated to DT group
(n=26)

Allocated to ST group
(n=27).

pping exercise

'thdrew n=1

4

26 in analysis

g. 2 - Flow chart depicting participant positions throughout trial.

All 24 of the scheduled intervention sessions were
completed. The median relative compliance was 100%
{25th-75th percentile, 95.8-100%) for the DT group and
100% (95.8-100%) for the ST group. No health prob-
lems, including cardiovascular or musculoskeletal com-
plications, occurred during training or testing. Minor
problems observed in both groups included aching mus-
cles after initial training sessions and fatigue. All problems
were easily managed through adjustment of the inter-
vention and improved during intervention.

Baseline characteristics

The Kolmogorov-Smirnov test showed that the weight
and MMSE score were not normally distributed. The DT
and ST groups were comparable and well matched with
regard te their baseline characteristics. No significant
differences were noted between group means for age
(DT= 80.3+5.4, range 67-97 yrs; ST= 81.2+7.6, range
71-89 yrs; p=0.631), gender distribution (DT= 75.0% fe- .
male and ST= 76.9% female, p=0.567), body weight
(DT= 52.8+6.9 kg, ST= 49. 9+8.1 kg; p=0.151), height
(DT= 148.1+5.6 cm, ST= 146.6+7.2 cm; p=0.394),
walking aids (DT= 12.5%, ST= 34.5%; p= 0.704), fall oc-
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currence within the previouis year (DT=29.1%,
ST=23.0%; p=0.751) or MMSE score (DT= 28.0+2.1
points, ST= 27.8+1.8 points; p=0.820).

teractions. Participants in the DT group demonstrated

. marked improvements in the above test items {p<0.05;

Effect of exercise: program on outcome measures

Pre-intervention and post-intervention group statistics and
Group x Time interactions are shown in Tables 1 and 2.
Significant differences were observed between the 2
groups for CT 10-m gait speed, CT 10-m walking ca-
dence, CT cost, number of enumerated figures during CT,
MT-10 m gait speed, MT-10 m walking cadence, MT
cost, quantity of stepping; and number of figures enu-
merated during stepping with significant Group x Time in-

Table 1 - Functional fitness {locomotion) before and after intervention.

Tables 1 and 2). Tukey's post-hoc test showed significant
differences in favor of the DT group in MT 10-m gait
speed, 10-m walking cadence, and cost (p<0.05).

DISCUSSION

Community ambulation requires the ability to inte-
grate walking with other tasks in a complex environ-
ment. DT gait assessment may prove helpful for identi-
fying those individuals with general gait performance
difficulty when tested in a complex environment. In the
present study, gait performance in. DT conditions im-

Pre-intervention

Post-intervention

SINGLE-TASK CONDITION
ST 10-m gait speed, m/sec
- Dtgroup - 0.545
ST group 0.464
ST 10-m walking step, steps
DT group 2.284
ST group 0.113
ST 10-m walking cadenc :
DT group {95.5-162.7) 2.803
ST group (103 7-172.6) 0.101
gs; 0.30 (0.39-1.53) 0.97+0.31 {0.46-1.63) + 6,509
ST group 0.30 (0.36-1.69) 0.83+0.28 (0.41-1.68) 0.014*
CT 10-m walking
© DT group : 2+4.6 {14-34) 20.3+4.6 {14-32) 0.862
ST group 2+4.5 (14-32) 22.1+4.8 (12-32) 0.429
CT 10-m walking cadence, steps/min
DT group 105.9+£22 .4 (54.5-142.8) 112.4+21.8(72.6-157.4) 5.128
ST group 108.3+25.9 (56.5-154.2) 103.5x17.8 (63.4-131.9) 0:027*
CT cost .
DT group 18.5+21.9 (-14.1-72.0) 14.7+17.5 (-11.7-67.3) 7.614
ST group 12.4+21.0 (-16.0-72.0) 22.0+17.5(-8.8-56.2) 0.008*
CT number of enumerated figures, number/sec. i i
DT group 1.16+0.24 (0.6-1.6) 1.28+0.34 (0.6-2.0). T 6.360
ST group 1.19+0.25 (0.6-1.6) '1.17£0.25 (0.8-1.7) 0.015"
MT 10-m gait speed, m/sec
DT group 1.02+0.28 (0.43-1.54) 1.14+0.30 (0.51-1.69) f 15.681
ST group 0.99x0.33 (OA4O~1.84) 0.95+0.33 (0.54-1.86) $ <0.001*
MT 10-m walking step, steps
DT group 21.5x5.7 (14-38) 20.8+5.2 (16-36) 1.732
ST group 22.5+6.9 {14-46) 23.1+6.8 (14 42) 0.195
MT 10-m walking cadence. steps/min
DT group 124.2+15.8 (95.2-153.1) 134.5£17.9(101.1-162.1) + 5128
ST group 128.7+19.4 (79.4- 16’3.6) 122.1219.3(91.3-156.1) $ 0.027*
MT cost ;
DT group 2.17+16.45 (-35.8-40.2) -1.63+£9.60 (-25.3-17.6) 10.989
ST group -2.62+15.66 (-24.3-35.5) 8.13:£14.71 {-20.5-28.5) $ 0.002*

Columns indicating pre-:and post-intervention values provide meantstandard deviation {minimum - maximum). *As calculated by comparison with pre-inter-
vention values: p<0.05. $As calculated by group comparison: p<0.05. “p<0.05, *p<0.01.
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Table 2 - Functional fitness (other function) before and after intervention.

Controlled trial of dual-task exercise

Pre-intervention

Post-intervention

Group x Time

F-value
prvalue
TUG, s , )
DT group 11.3£2.6 (8.0-17.2) 10.8+3.6 (6.8-21.8) 1.575
ST group 12.0+£3.3 (6.6-18.4) 12.2+4 .5 (5.6-24.3) 0.215
Functional reach. cm !
DT group 25.4+7 .4 (8-35) 26.2+7.4 (8-36) 0.023
ST group 24.7+6.2 (11-41) 25.3+6.0 {15-38) 0.881
One leg standing, s.
DT group 7.3+6.8(1.1-21.3) 8.7+6.0 (1.1- 21 3} 0.379
ST group 6.9+8.2 {0.50-28.5) 0.5x17.5(1.37-59.0) 0.541
Stepping step, steps/Ssec )
DT group 25.1+7.7 (10-39) 28.6x7.3 {16-45) + 10.458
ST group 26.4+10.3{7-55) 25.0£11.8 (8-55) 0.002**
Stepping number of enumerated figures, numb(,r/ Ssec : )
DT group 6.83+2.77 (3-12) 8.12+2.34 (3-11)
ST group 7.39+2.39 (4-12)

7.2122.18 (3-1

Columns indicating pre- and postintervention values pxovzde meanzstandard deviation {minimum - mexdmumy). TAs
values; p<0.05. $As calculated by group comparison: p<0.05. "p<0.05, *p<0.01.

e-intervention

proved after intervention. Therefore, our novel DTs
ping exercise program may help improve am
functxon in the community.

_mg, or sitting down com
the lack of TUG impre

venting fall risk. .
This study demonstrated significant improvements in

walking speed in CT and MT conditions following DT .

stepping exercise. The reasons for these positive findings
remain unclear. However, we used a task-oriented pro-
gram in this study. Previous research on cognitive-sensory-
motor DT situations has shown that older participants de-
cline more in DT-related performance than young adults,
and tend to focus their attention more strongly on the sen-
sory-motor task when given two demanding tasks (19).
Another explanation may be that traditional exercise
. regimens emphasize balance training in ST conditions,
which may only improve ST functioning. This hypothesis
is supported by Silsupadol et al. {20), who found that the
elderly can improve their balance in DT conditions only
following DT balance training. These outcomes also sup-
port the hypothesis of Kramer et al. (9) that improvements
in novel DT processing skills can be generalized to other
simultaneous tasks which are not directly trained. This sug-
gests that explicit instructions should be provided to focus
attention during balance training in DT conditions.

speed improved in

r g
ly are able to improve their walking
s only after specific types of train-

g may be the result of both automatization of an indi-
vidual task and the deyelopment of task coordination
skills. Participants in the DT group may have learned to
coordinate performances efficiently between the 2 tasks
as they improved in each task (9). These results indi-
cate the importance of instructions given while training in
DT conditions. Participants may leamn to allocate their lim-
ited attention between primary and secondary tasks dur-
ing the DT stepping exercise. Improvements in division of
attention may then influence DT walking ability. This
motivates training across different DT modalities (cogni-
tive and manual) to improve divided attention. This study
demonstrated that our seated stepping exercise program
can improve divided attention in DT conditions. Loco-
motive speed in a real-ife environment is not necessari-
ly fast because the walking speed at examination is.fast.
The improvement in DT walking speed becomes manifest
as increased capacity in-a real-life environment.

. There are several limitations to this study. First, for the
DT group, stepping numbers may have been reduced in

-comparison with those in the ST group because of the

added burden of the secondary task. If the stepping num-
bers were normalized in the DT and ST groups in train-
ing, the DT group may experience further improvement.
Second, no follow-up was conducted. Evidence regarding

. the long-term effects of exercise on-fall prevention is

poorly understood. Third, statistical analyses were per-

Aging Clin Exp Res, Vol. 23, No. 5-6- 391
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formed for-each of the 6 outcome measures, including the
physical performance test, which increases the possibili-

ty of false-positive findings. Fourth, no control group 8.

was enrolled. The participants in both groups may have

had greater motivation and interest in health issues and fal

risk than the general e deriy popuiahon
CONCLUSiONS

This is the first study to examine DT stepping exercise

10.

in the elderly. The results suggest that the DT stepping ex- 11.
ercise is more effective at improving ambulatory function
in cognitive and manual task conditions than when per-
formed in isolation. 12.
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Rhythmic stepping exercise under cognitive conditions improves fall risk factors in
community-dwelling older adults: Preliminary results of a cluster-randomized controlled trial

Minoru Yamada®*, Buichi Tanaka, Koutatsu Nagai, Tomoki Aoyama and Noriaki Ichihashi

Human Health Sciences, Graduate School of Medicine, Kyoto University, Kyoto, Japan
(Received 9 September 2010; final version received 21 December 2010)

Objective: The purpose of this pilot trial was to evaluate whether a 24-week program of rhythmic stepping
exercise (RSE) would be effective in improving physical function and reducing fear of falling in older adults.
Participants: Four units (n = 52) randomized into an RSE group (two units, n=25) and a non-rhythmic stepping
exercise (NRSE) group (two units, n=27) participated in a pilot cluster randomized controlled trial.

Methods: Each exercise group received 60 min group training sessions once a week for 24 weeks. Measurement
was based on the difference in physical functions between the RSE and NRSE groups. _

Results: Significant differences were observed between the two groups for locomotive function with significant
group X time interaction. Relative risk was calculated as 2.778 (95% CI: 1.030-7.492) for fear of falling for
participants in the NRSE group compared with patients in the RSE group (p=0.037).

Conclusions: The results of this pilot trial suggest that the RSE program is more effective in improving locomotive

function and fear of falling.

Keywords: rhythmic stepping exercise; fall risk; older adults

Introduction

Approximately half of the community-living older
population experiences fear of falling (Fletcher &
Hirdes, 2004; Howland et al., 1998; Tinetti, Richman,
& Powell, 1990; Yardley & Smith, 2002). The wide
range of prevalence estimates for fear of falling
(29-77%) may be due to differences between sample
groups with respect to age, sex, activity level, history of
falls, measures of fear, and other comorbidities
(Arfken, Lach, Birge, & Miller, 1994; Friedman,
Munoz, West, Rubin, & Fried, 2002; Lachman et al.,
1998; Lawrence et al., 1998; Tinetti, Mendes de Leon,
Doucette, & Baker, 1994; Vellas, Wayne, Romero,
Baumgartner, & Garry, 1997). Several studies have
indicated that people who are afraid of falling appear
to enter a debilitating spiral of loss of confidence,
restriction of physical activities and social participa-
tion, physical frailty, falls, and loss of independence
(Arfken et al.,, 1994; Cumming, Salkeld, Thomas, &
Szonyi, 2000; Delbaere, Crombez, Vanderstraeten,
Willems, & Cambier, 2004; Friedman et al, 2002;
Howland et al., 1993; Lachman et al., 1998; Yardley &
Smith, 2002). In addition to the adverse effects often
displayed by individuals who suffer from fear of
falling, there are also consequences for public expen-
diture as healthcare utilization increases (Cumming
et al.,, 2000). It is therefore considered important to
reduce fear of falling by targeting the downstream
factors, such as increasing physical functioning
(Delbaere et al.,, 2004), or predictors of those fac-
tors, such as the use of improved medication

(Friedman et al., 2002). As older people with fear of
falling often adapt their gait, commonly described as
‘cautious’ or ‘fearful’ gait (Giladi, Herman,
Reider-Groswasser, Gurevich, & Hausdorff, 2005),
this fear can lead to imbalance during walking. In
contrast to static balance, however, little is known
about dynamic balance in older people, which may be
more important and directly related to falls and fear of
falling (Maki, 1997), since most falls occur during
movement.

In real-life situations, the requirements for stepping
commonly occur under more complicated circum-
stances with cognitive attention focused on a particular
task, such as watching traffic or reading street signs or
advertisements, rather than performing a specific
motor task (Chen et al., 1996). With advancing age,
the performance of daily life activities in addition to
walking becomes increasingly difficult, and can often
lead to complex multi-task situations, which increases
the risk of falling (Bloem, Valkenburg, Slabbekoorn, &
Willemsen, 2001). Hence, it is considered that certain
falls result from the inability to recover from a misstep
during an additional attention-demanding task during
daily life activities. Mobility involving concurrent
cognitive or motor tasks, such as talking or carrying
objects, is crucial in daily life. Due to the increasingly
recognized role of cognition in postural control and
gait, a number of researchers have used dual-task (DT)
paradigms that incorporate a concurrent cognitive task
(CT) to improve fall risk assessment (Woollacott &
Shumway-Cook, 2002).
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Dual tasking requires individuals to divide their
attention, which may interfere with gait and balance
control (Shumway-Cook & Woollacott, 2000). Based
on Gaze’s study on the influence of anxiety on
attentional demands during walking, it is thought
that the fear of falling reduces the amount of cognitive
resources available for gait and balance control (Gage,
Sleik, Polych, McKenzie, & Brown, 2003). The effect
of fear of falling on gait and balance may therefore be
more apparent when. people perform a second task
during walking, as often occurs in daily life. However,
the effect of training on the incidence of falls and
ability under DT conditions in older adults remains
unclear.

The ability to modulate attention may also play an
important role in the acquisition of multiple-task
coordination skills. We proposed that rhythmic step-
ping exercise (RSE) under cognitive conditions may
help improve DT ability, as RSE simultaneously
requires both cognitive (reaction, short-term memory,
etc.) and motor function (step to multi-direction).

In this trial, we evaluated whether a newly devel-
oped 24-week RSE program would be effective in
improving physical function and reducing fear of
falling in community-dwelling older adults. We
hypothesized that physical function would be
improved to a greater extent in elderly individuals
who performed RSE than those who did non-rhythmic
stepping exercise (NRSE).

Methods
Participants

Participating institutions were recruited by means of an
advertisement in the local press. Four living areas in
Kyoto, Japan, including 62 community-dwelling older
adults participated in a 24-week randomized controlled
trial. From each living area, defined as a cluster,
individuals were selected according to the following
inclusion criteria: age 65 years or older, community
dwelling, had visited a primary care physician within the
previous three years, a Rapid Dementia Screening Test
(Kalbe, Calabrese, Schwalen, & Kessler, 2003) score of
8 or greater, ability to walk independently, willingness
to participate in group exercise classes for at least
six months, access to transportation, minimal hearing
and vision impairments, and no regular exercise in the
previous 12 months. We also used an interview to
exclude participants based on the following exclusion
criteria: severe cardiac, pulmonary, or musculoskeletal
disorders; pathologies associated with increased risk of
falls, such as Parkinson’s disease or stroke; osteoporo-
sis; and the use of psychotropic drugs.

After the collection of baseline data, a researcher
not involved in the study allocated clusters using
computer-generated randomization lists. We obtained
written informed consent from each participant who
was included in the trial in accordance with the
guidelines approved by the Kyoto University
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Graduate School of Medicine (Approval number:
E-547) and the Declaration of Human Rights,
Helsinki, 2000.

Intervention

All participants received 60-min group training ses-
sions once a week for 24 weeks. Participants were
randomly assigned to one of the two training groups:
(1) a standardized training with RSE group and (2) a
standardized training with NRSE group. -

"The exercise classes were individualized for each
group and were supervised by a physiotherapist. Each
exercise class used a standardized format that included
1Smin of moderate-intensity aerobic exercises, 15min
of progressive strength training, 10min of flexibility.
and balance exercises, and 10min of cool-down
activities, followed by exercises known to improve
muscle strength and balance (Buchner et al., 1997;
Gardner, Robertson, & Campbell, 2000).

The stepping exercises were performed on a thin
elastic mat (150 x 150cm) that was partitioned into
five squares (50 cm each) to form a cross (Figure 1A).
The stepping exercises included forward, backward,
and sideways step patterns. In the RSE group, the
participants were required to step at a tempo of 60-120
beats per min according to the accompanying rhythm
sound, and step into the square indicated verbally by
the supervisor (e.g., ‘right, ‘forward,’ ‘back, etc.)
(Figure 1C). For the RSE group, a cognitive function
(reaction, short-term memory, etc.) and motor func-
tion (step to multi-direction) were simultaneously
required of the participants. In order to vary the
levels of difficulty, the instruction method transposed
not only direction, but also an index of a color (e.g.,
‘red,” ‘blue’) or a number (e.g., ‘3,” ‘7’) (Figure 1B).
Participants completed five sets of onemin per set of
stepping exercises between weeks one and eight, which
were then increased to three sets of three min per set
between weeks 9 and 16, and three sets of five min per
set between weeks 17 and 24. The instructions given at
the beginning of each class were as follows: ‘Please step
as correctly as possible, and avoid making mistakes to
the best of your ability’. During the exercises, the
number of mistakes made during the stepping tasks
was not recorded.

NRSE was a simple reaction stepping task. The
participants were required to maintain a standing
position, and step into the indicated square as quickly
as possible after a verbal command from the supervisor
(e.g., ‘right,’ ‘forward,’ ‘back,’ etc.) (Figure 1D). These
sessions were ‘designed as controls for the additional
element of physical activity and reaction training in the
RSE session. Participants completed five sets of 10
steps per set of stepping exercises between weeks 1 and
8, which were then increased to three sets of 30 steps
per set between weeks 9 and 16, and three sets of
50 steps per set between weeks 17 and 24. The
instructions given at the beginning of each class were
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Figure 1. (A) Schematic representation of the stepping exercises. The stepping exercises were performed on a thin elastic mat that
was partitioned into five squares (50 cnt each) to form a cross shape. The stepping exercises included forward, backward, and
sideways step patierns. (B) Schematic representation of the version which made directions the ‘color.” The participants were
required to step into the square indicated verbally by the supervisor (e.g., ‘red,” ‘yellow,” ‘blue, etc). (C) Schematic
representation of the RSE. In the RSE group, participants were required to step at a tempo of 60-120 beats per min according to
the accompanying rhythm sound, and step into the square verbally indicated by the supervisor (e.g., ‘right,’ “forward”). The
instructions were as follows: ‘Please step as correctly as possible, and avoid making mistakes to the best of your ability’. The RSE
required simultaneous cognitive (reaction, short-term memory, ete.) and motor function (step to multi-direction). (D) Schematic
representation of the NRSE. In the NRSE group, participants were required to maintain a standing position and step into the
indicated square as quickly as possible after a verbal command from the supervisor (e.g., ‘right,” ‘forward’). The instructions were
as follows: ‘Please step as quickly as possible, and avoid making mistakes to the best of your ability’. The NRSE required
separate cognitive (reaction, short-term memory, etc.) and motor function (step to multi-direction).

as follows: ‘Please step as quickly as possible, and
avoid making mistakes to the best of your ability’. The
NRSE required cognitive function (reaction, short-
term memory, etc.) and motor function (step to multi-
direction) separately.

weight, height, 10-m walk under a single-task (ST)
condition (ST walking; Lopopolo, Greco, Sullivan,
Craik, & Mangione, 2006), 10-m- walk under a
cognitive-task condition (CT walking; Beauchet et al.,
2007), 10-m walk under a manual-task condition (MT
walking), timed up and go (TUG) test (Podsiadlo &
Richardson, 1991), and functional reach (FR; Duncan,
Studenski, Chandler, & Prescott, 1992). In CT walk-
ing, participants walked 15m at an individually com-
fortable speed while counting numbers aloud in reverse
order starting at 50. In MT walking, participants
walked 15m at an individually comfortable speed while
carrving a ball (7cem in diameter, 150 g in weight) on a
tray (17cm in diameter, 50 g in weight). The ST gait
speed was subtracted from the CT (MT) gait speed to
represent CT (MT) cost as a percentage, which was

Fear of falling

We assessed fear of falling by asking the single yes or
no question ‘Are you afraid of falling?, which has a
high test-retest reliability (Reelick, van lersel, Kessels,
& Rikkert, 2009). This question was asked at the pre-
-and post-intervention. The test-retest reliability using
the Kappa coefficient was 0.960.

Secondary outcome measures

All participants underwent nine measurements upon
entry into the study (pre-test), which included: body

then further divided by the ST gait speed to produce a
percentage change in performance with the addition of
a second task. A physiotherapist blinded to the group
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Assessed for Eligibility (four units)
' Individuals, n=62

A

Excluded (n=5)

. Four did not meet inclusion
criteria

. One refused to participate

Four units randomized »
Eligibility, n=567

Rhythmic stepping exercise group Non-rhythmic stepping exercise group
(n=27) (n=30)
A A 4
Withdrew n=2 Withdrew n=3
A
25 in analysis 27 In analysis

Figure 2. Flow chart showing the dispositions of participants throughout the trial.

allocations administered these measures at baseline
and upon completion of the 24-week intervention.

Statistical analysis

We designed the effect size of this study to detect 0.8.
With a significance level of 0.05, a power of 80%, and
a large effect size (0.8), 26 participants were needed in
both the intervention and control groups. Accounting
for a potential 10% attrition rate, a total of 58
participants were targeted for this study, which was
large enough to detect statistically significant
differences.

We first compared baseline characteristics between
the RSE and NRSE groups to examine comparability
between the two groups. Differences in the data of
physical function variables between the RSE and
NRSE groups were analyzed by the Student’s #-test
or chi-squared test. The Kolmogorov—Smirnov and
Mann~-Whitney U-tests were used to test the normality
of distributions and differences in physical function
variables between the groups, respectively. We ana-
lyzed the effect of exercise on outcome measurements
using a mixed 2 (group: RSE and NRSE groups) x 2
(time: pre-intervention, post-intervention) ANOVA.
Tukey’s post hoc tests were used to assess which group
or time periods showed significant differences. Relative
risk was then calculated, and the chi-squared test was
used to evaluate the effect of mterventxon on fear of
falling.

Data were entered and analyzed using the
Statistical Package for Social Science (Windows
Version 18). p < 0.05 was considered statxsncally
significant for all analyses.

Results

We enrolled 57 of the 62 screened individuals (91.9%)
who were eligible for this study (Figure 2), Of those
who did not meet the inclusion criteria (#=4), most
were excluded because they had exercised regularly
during the six months prior to screening. Three people
who were eligible for the study declined after the initial
telephone screening. Of the 57 selected subjects, 52
(91.2%) completed the study protocols and returned
for their exit interviews and final testing (mean age,
71.8 1 4.5 years; range, 65-79 years).

All 24 of the scheduled intervention sessions were
completed. The median relative compliance was 100%
(25th-75th percentile, 95.8-100%) for the RSE group
and 95.8% (91.6-100%) for the NRSE group. No
health problems, including cardiovascular or muscu-
loskeletal complications, occurred during the training
sessions or testing. Minor problems observed in both
groups included aching muscles after initial training
sessions and fatigue; however, all problems were easily
managed through adjustments of the intervention, and
subsequently improved during intervention.

Baseline characteristics

The RSE and NRSE groups were comparable and
well-matched with regard to their baseline character-
istics (Table 1).

Effect of the exercise program on secondary outcome
measures

Pre- and post-intervention group statistics and group-
time interactions are summarized in Table 2.

_5‘]_
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Table 1. Baseline characteristics of study participants by

randomized RSE and NRSE groups.
RSE . NRSE

Characteristic (n=25) (n=27) p

Age (Y) 70.8:4.6 728443  0.120

Body weight (kg) 50.1+:4.8 54.4+8.1  0.068
_ Height (cm) 152.1+42 154896 0.157

Gender, female, n (%) 20 (80.0%) 20 (74.1%) 0.431

Walking aids, n (%)* 0 (0%) 0 (0%)

Falls in the last 7(28.0%) 8(29.6%) 0.571

year, n (%)° ~
RDST (point) 9.8+1.7 9.6+20 0270

Notes: RSE, rhythmic stepping exercise; NRSE, non-
rhythmic stepping exercise; RDST, rapid dementia screening
test; and values represent the mean == standard deviation.
“Number (percentage) of participants who used walking aids

*number (percentage) of participants who experienced one or
more falls in the last year.

Participants in the RSE group had significantly greater
improvements in outcome measures including ST 10-m
walking time, CT 10-m walking time, CT cost, MT
10-m walking time, and TUG (p < 0.05).

Effect of the exercise program on fear of falling

In the pre-intervention period, fear of falling was
44.0% and 37.0% for the.RSE and NRSE groups,
respectively. The relative risk was calculated as 0.842
(95% CI: 0.434-1.631) for fear of falling for partici-
pants in the NRSE group compared with patients
in the RSE group (p=0.778). In the post-intervention
phase, fear of falling had reduced to 16.0% for the
RSE group and had slightly increased to 44.4% for the
NRSE group. Relative risk was calculated as 2.778
(95% CI: 1.030-7.492) for fear of falling for partici-
pants in the NRSE group compared with patients in
the RSE group (p=0.037).

Discussion

The RSE under cognitive condition program requires
the use of multiple domains, such as reaction, short-
term memory, and stepping to multi-directions, that
when impaired, have been shown to increase fall risk
among elderly individuals (Dite & Temple, 2002;
Melzer, Kurz, Shahar, Levi, & Oddsson, 2007,
Sturnieks, George, Fitzpatrick, & Lord, 2008;
Yamada & Ichihashi, 2010). Our cluster-randomized
controlled trial demonstrated that RSE, which repre-
sents a novel exercise program, was more effective than
simple reaction stepping exerc:se for improving ambu-
latory function under ST and DT conditions in older
adults. Furthermore, perceived fear of falling was
significantly improved in -the RSE:group upon com-
pletion of the 24-week exercise:program. The RSE
program is postulated to have effects on ambulatory

- function under ST and DT conditions that might

directly affect fear of falling.

In this study, significant improvements in walking
ability under CT and MT conditions following the
RSE program were identified. These results indicate
the importance of instructions when step training
under complex-task conditions, and also suggest that
effectively improving these functions leads to decreased
fear of falling. The RSE program requires simulta-

‘neous cognitive and motor functions, and therefore

represents training under DT conditions. Previous
research on cognitive-sensory-motor DT situations
has shown that older participants have reduced DT-
related performance compared to young adults, and
tend to focus their attention more strongly on the

- sensory-motor task when presented with two demand-

ing tasks (Rapp, Krampe, & Baltes, 2006). Another
explanation for the observed improvements in the RSE
group might be that traditional exercise regimens
emphasize balance training under ST conditions, and
therefore only improve functions for ST conditions.
This speculation is supported by a study of Silsupadol,
Siu, Shumway-Cook and Woollacott (2006), who
found that the elderly can improve their balance
under DT conditions, but only following DT balance
training. Taken together, these findings suggest that
explicit instructions which serve to focus attention
should be provided during balance training under
complex-task conditions.

It is important to note that walkmg ability
improved under both CT and MT conditions despite -
using a CT during exercise, such as verbal fluency. This
result suggests that the elderly are able to improve their
walking performance under DT conditions only after -
specific types of training. Improvement in DT walking
may therefore be the result of automatization of an
individual task and the development of task coordina-
tion skills. As the participants in the RSE group
improved in the multiple tasks through the course of
the study period, they may have learned to efficiently
coordinate performances between the multiple tasks,
leading to improved walking ability. These results
indicate the importance of instructions when training
under multiple-task conditions, as participants may
learn to allocate their limited attention between motor
and CTs during RSE. Improvements in division of
attention may then positively impact DT walking
ability. This study demonstrated that our devised RSE
program promotes training across different DT modal-
ities (cognitive and manual), leading to improvements
in divided attention.

In addition to the beneficial results identified in this
study, RSE could potentially be used as a means of
public health promotion as it has a number of
advantages over conventional exercise programs.
First, it is possible for fewer staff members to simul-
taneously supervise several older adults because the
RSE training can be performed within a small indoor
space. Second, outdoor walkers can substitute walk-
ing with RSE during periods of inclement weather.
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Table 2. Functional fitness items by group at pre- and post-intervention.

F-value
Time effect

Item Pre-intervention Post-intervention Group x Time
ST 10-m walking time (sec)

RSE 7.65+£0.71 6.90 £:0.34° 3.75

NRSE 7.61+£1.27 7.73+0.95° 7.26*
CT 10-m walking time (sec)

RSE 10.0143.76 7.4740.51* 4.54*

NRSE 1041 £3.82 10.524:1.28" 5.32#
CT cost (%) i

RSE 21.14£25.76 7.86+3.37° 1.29

NRSE 25.63+£31.41 30.34£15.87° 5.71*
MT 10-m walking time (sec)

RSE 8.69t1.64 6.79 +0.45° 9.56**

NRSE 9.17+1.82 8.90+2.08° 5.45*
MT cost (%) :

RSE 11.21£19.17 -2.08+7.15° 7.54%+

NRSE 17.74 1+ 18.64 12.50417.80% 1.43
TUG (sec)

RSE 7.57+1.38 6.43 +0.61° 4,28*

NRSE 7.8541.78 7.85+1.36° 4.31*
FR (cm)

RSE 26.18+3.74 33.294:10.04 21.11**

NRSE 28.69£4.37 33.3746.49 0.89

Notes: Columns indicating pre— and post-intervention values are expressed as mean = standard deviation. -

8As calculated by group comparison.
**p < 0.01; *p < 0.05.

Third, the RSE program requires limited materials and
can be implemented with minimal cost. Increasing the
number of feasible exercise options for elderly individ-
uals is considered important for health promotion. In
this context, the RSE program presented in this study
represents a promising new form of exercise for older
adults. .

There are several limitations of this study that

warrant mention. First, no follow-up was conducted.

Second, these findings should be considered as prelim-
inary because of the relatively small sample size
(n=157). Third, statistical analyses were performed
for each of the nine outcome measures separately,
including the physical performance tests, which
increased the possibility of false-positive findings
(type 1 error). Finally, as indicated by their willingness
to participate in this study, participants in both groups
may have had higher motivation and interest in health

issues and fall risk than the general elderly population.
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DUAL-TASK WALK IS A RELIABLE PREDICTOR OF
FALLS IN ROBUST ELDERLY ADULTS

To the Editor: Falls are relatively common in elderly people,
with approximately 30% of individuals aged 65 and older

falling at least once a year and approximately half experi-
encing repeated falls.? In daily-life situations, locomotion
occurs under complicated circumstances with cognitive at-
tention focused on a particular task, such as watching traffic
or reading street signs, rather than performing the specific
motor task of walking. A seminal study demonstrating that

" the characteristic “stops walking when talking” could serve

as a predictor of falls introduced a novel method for fall
prediction based on dual-task (DT) performance.? Recently,
a number of studies have evaluated DT walking in elderly
people, but one found that reliable conclusions based on DT
results for fall prediction cannot be made because of the
lack of standardization in DT paradigms.® The aim of the
current study was therefore to examine prospectively
whether two kinds of DT walking (cognitive task (CT)
and manual task (MT)) could predict the risk of falls in a
community-dwelling elderly population according to phys-
ical function.

The study population consisted of 1,038 community-
dwelling elderly Japanese people aged 65 and older (401
men, 637 women, mean age 77 + 8) in 2009. Six items of
physical function were assessed: single-task (ST) 10-m
walking time, DT (CT and MT) 10-m walking time, Timed
Up and Go (TUG) Test,* functional reach, and five-chair
stand test (Table 1). In CT walking, participants walked
15m at the most comfortable speed while counting num-

“bers aloud in reverse order starting at 100. In MT walking,

participants walked 15m at the most comfortable speed
while carrying a ball (7 cm in diameter, 150 g in weight) on a
tray (17 cm in diameter, 50 g in weight). The DT cost (CT
and MT) was then calculated as follows:

DT cost[%] =100 x (DT walking time — ST walking time)/
((ST walking time + DT walking time)/2)

Information on the incidence of falls during the fol-
lowing year was collected from participants in a monthly

Table 1. Characteristics of 1,038 Individuals Aged 65 to 97 According to Quartiles of Timed Up and Go Test Results

(Seconds)

Mean < Standard Deviation

Fastest Faster Slower Slowest
(< 8.3) (n=230) (8.4-11.0) (n = 258) (11.1-14.9) (n = 264) (> 15) (n = 286)
Faller, 46 Faller, 47 Faller, 90 Faller, 126
Characteristic (20.0%) Nonfaller, (18.2%) Nonfaller (34.1%) Nonfaller (44.1%) Nonfaller
Height, cm 1544+ 84 1533+68 1565+95 1547494 1576+83 1563 +11.1 153.6 +10.2

Locomo’uve function, 96 4+ 20

seconds™

8.2+20 105 £1.9

Muscle power, seconds? 77 +£17 75+19 97 +28

Manual task costs, % 854158 0241105 224140

105+ 25

99+24

5.8 + 14.7

154.2 + 9.6

114+£27 1121386 175£71

168 +73

11.4 + 3.5

128 + 47 174+ 98
20

145 £197

149 £ 598

12.8 £ 14.0 16.3 + 20.?

145 £ 16,5

*Time to complete single-task 10-m walk.
"Distance of functional reach.
¥Time to complete five-chair stand.

SIndependerit variable that remained in the final step of the regression model.
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telephone interview. A fall was defined as any event that led
to unplanned, unexpected contact with a supporting surface
during walking.

For analysis, the TUG test results were divided into
quartiles (fastest, faster, slower, and slowest). A multi-
variate analysis using logistic regression with a stepwise-
forward method was performed to investigate which of the
five measures of physical function (ST walking time, CT
cost, MT cost, functional reach, and five-chair stand test)
was independently associated with falls.

In the fastest group (n = 230), the regression analysis
indicated that the MT cost (odds ratio (OR) = 1.068, 95%
confidence interval (CI) = 1.04~1.10, P<.001) was an in-
dependent predictor of falling that remained in the final step
of the regression model. In the faster group (n =258), the
regression analysis indicated that the CT cost (OR = 1.03,
95% CI=1.01-1.04, P<.001) was an independent pre-
dictor of falling. In the slower (n = 264) and slowest groups
(n=286), the five-chair stand test (slower group
OR =1.11, 95% CI=1.03-1.19, P<.001; slowest group
OR =1.05, CI=1.01-1.09, P =.045) was found to be an
independent predictor of falling.

In conclusion, this study demonstrated that DT cost is
an independent and prospective predictor of falls in elderly
adults with higher functional capacity (faster and fastest
groups), although DT cost did not predict falls in elderly
adults with lower functional capacity (slower and slowest
groups). Thus, the finding that DT walking is a reliable
predictor of falls is limited to the robust elderly population.
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TAURINE DIURETIC AND RENAL-REVITALIZING
EFFECTS IN NONAGENARIANS

To the Editor: Congestive heart failure (CHF) is the most
ominous cause of edema in older adults living in extended-
care nursing homes. Despite no obvious CHF, edema
resistant even to diuretic doses that cause hypotension,
especially in fragile nonagenarians, often develops, and an
alternative was sought.

Long-term oral taurine (OT 3 g/d) ameliorates CHF,!
so it was desired to determine whether OT (1.0 g three times
per day) relieves edema without causing hypotension in
nonagenarians. Forty-nine residents of an extended-care
nursing home (20 taking antihypertensive therapy) who
developed edema (score > 2, Appendix A) despite hospi-
tal-prescribed diuretics or excessive hypotension precluding
effective diuretic usage were enrolled from March 1, 2007,
to March 31, 2010. ,

The remarkable effects of OT on edema were apparent
within the first month of treatment (Figure 1A); decreases in
body weight occurred with some delay. Required doses of
diuretics decreased after institution of OT in the majority of
residents. Serum albumin levels increased in 32 hypo-
albuminemic residents (Figure 1B).

Significant increases were observed in estimated
glomerular filtration rate (eGFR) expressed as a percent-
age of baseline values from 6 months to 2.25 years of treat-
ment in residents with chronic kidney disease (CKD) Stage
3 or greater (Figure 1C, lower panel); the effects of OT were
distinctly greater in residents with CKD Stage 3 or greater
than in those with CKD Stage 2 or less (two-way analysis of
variance P <.001), with differences reaching significance in
the third year (Figure 1C upper panel; Bonferroni***). The
hyperuricemia (> 8.6 mg/dL) observed in eight residents
became normal in 6 to 9 months (Figure 1D).

Factors other than CHF play a significant pathogenic
role in edema in older extended-care nursing home residents

—>

Figure 1. (A) Effects of taurine are strongest on edema, signifi-
cantly decreasing body weight. (B) Taurine increases albumin
levels in patients with <3.8g/dL at baseline. (C) Effects of
taurine on renal function: Lower panel: taurine significantly in-
creases estimated glomerular filtration rate (eGFR) in patients
with chronic kidney disease (CKD) Stage 3 or greater when nor-
malized to baseline values by the sixth month of treatment, and
continues to improve significantly for up to 2.25 years. Upper
panel: greater improvement of eGFR in residents with CKD
Stage 3 or greater compared that in those with CKD Stage 2 of
less (two-way analysis of variance P <.001) reaches significance
after 3 years of treatment (Bonferroni***). (D) Taurine decreases
hyperuricemia greater than 8.6 mg/dL to normal levels in 3 to 6
months. ANOVA = analysis of variance; SEM = standard error
of the mean.
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SUMMARY

Background: Falls are the third-leading cause of a bedridden state and are a major cause of morbidity in
elderly people. Therefore, it is important to determine an older person’s risk of falling using a simple and
reliable method. The aim of the present study was to examine whether our newly developed index for
the assessment of complex-task locomotion can predict falls in robust elderly people.

- Methods: The new index consisted of four items (stand-up, turn, walk and trip tests). It was used to assess

780 community-dwelling elderly Japanese people (mean age 76.0 + 7.4 years, 300 men and 480 women)
who could complete a Timed Up and Go test in less than 13.5 seconds. We used receiver operating
characteristic curves (ROC) to validate the index and to determine its cut-off point to predict falls,
Results: The area under the curve was 0.15 (p < 0.001, 95% CI: 0.675-0.755). The ROC curve analysis
enabled the best cut-off (1 point) to discriminate fallers from non-fallers (sensitivity 80.8%, specificity
60.6%).

Conclusion: We have demonstrated that the new index is a reliable indicator- for falls in elderly people
who have higher levels of functional capacity. Our data suggest that a score of more than 1 point by the
new index can predict falls in robust elderly people.

Copyright © 2011, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevner

Taiwan LLC. All rights reserved.

1. Introduction

In Japan, falls are the third-leading cause of a bedridden state
and are a major cause of morbidity in older people’, Falls are
relatively common among the elderly, with approximately 30% of
individuals aged 65 years or older falling at least once a year?.
Because falls tend to occur as a result of the activities of daily living,
previous research has focused on identifying age-related changes in
locomotive function®. Several performance measures, such as
walking speed?, Timed Up and Go (TUG) test’, one-leg stand (OLS)E,
functional reach’, five times chair stand®, and Tinetti balance®, have
been used to evaluate thé physical performance of community-
dwelling older people.

Several studies have suggested that a cut-off point of 13.5
seconds in a TUG test is a useful indicator that an individual has an
increased risk of falling'®. However, some older adults who have
higher levels of functional capacity can complete a TUG test in less

¥ All contributing authors declare no conflict of interest.

* Correspondence to: Dr Minoru Yamada, Department of Human Health Sciences,
Kyoto University Graduate School of Medlcme 53 Kawahara-cho, Shogoin,
Sakyo-ku, Kyoto 606-8507, Japan.

E-mail address: yamada@hs.med.kyoto-u.ac.jp (M. Yamada).

than 13.5 seconds but remain susceptible to falls, so it is important
to develop accurate prediction systems for these individuals. In
daily-life situations, the requirements for locomotion typically
occur under complicated circumstances with cognitive attention
focused on a particular task. In recent years, numerous studies have
evaluated complex-task locomotion for fall prediction in older
adults"' '3, However, more simple and reliable methods are
necessary for elderly people living in the community.

The aim of the present study was to examine whether our newly
developed index to assess complex-task locomotion was related to
falls in the robust elderly population..

2. Methods
2.1. Participants

We recruited 780 community-dwelling elderly Japanese people
(mean age 76.0 +£74 years, 300 men and 480 women) for this
study..We excluded participants based on the following exclusion
criteria: the presence of severe cardiac, pulmonary or musculo-
skeletal disorders, co-morbidities associated with an increased risk
of falls (i.e., Parkinson’s disease or stroke), and a TUG score greater
than 13.5 seconds. The simple TUG test was developed to screen

1873-9598/% — see front matter Copyright © 2011, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
doi:10.1016/j.ijge.2011.08.001




