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Factors associated with life-space
in older adults with amnestic
mild cognitive impairment

Kazuki Uemura,! Hiroyuki Shimada,' Hyuma Makizako,! Daisuke Yoshida,!
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Advanced Medicine for Dementia and *Research Institute, National Center for Geriatrics and
Gerontology, Obu, and Department of Human Health Sciences, Graduate School of Medicine,
Kyoto University, Kyoto, Japan

Aim: Restriction of life-space is associated with physical performance and functional
decline in older adults. Little is known about the factors associated with life-space in older
adults with amnestic mild cognitive impairment (aMCI). The purpose of this study was to
identify factors associated with life-space in older adults with aMCL

Methods: The study participants were 69 older adults (mean age 74.5 years, males
56.5%) who were identified with aMCI. Life-space mobility was measured using a Japanese
translation of the life-space assessment (LSA). Age, sex, cognitive function (general func-
tion, executive function and processing speed), physical performance, instrumental activi-
ties of daily living status (IADL) and fear of falling (FoF) were measured as potential
relevant factors.

Results: Univariate analysis showed that the LSA was associated with FoF, sex, physical
performance, processing speed and IADL. In the stepwise regression analysis, FoF, pro-
cessing speed and IADL maintained a significant association with the LSA scores,
although sex and physical performance did not reach significance.

Conclusion: The results suggest that the restrictions of life-space in older adults with
aMCI were more affected by the FoF, slower processing speed and restricted IADL than
sex or physical performance. Geriatr Gerontol Int 2012; ee: ee—ee,

Keywords: community-dwelling elderly population, fear of falling, information
processing, life-space, mild cognitive impairment.

show that people with MCI have “generally” intact
activities of daily living (ADL), although investigations
of instrumental activities of daily living (IADL) have
shown marginal limitations for older adults with MCL>8

Introduction

Mild cognitive impairment (MCI) is widely regarded as a
transitional syndrome between normal cognitive aging

and clinical dementia." This is particularly the case for
amnestic MCI (aMCI), which is likely to progress to
Alzheimer’s disease (AD).** The diagnostic criteria
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Furthermore, older adults with cognitive deficits sug-
gestive of MCI have shown lower mobility, including
reduced life-space, driving space and driving frequency,
as well as increased driving difficulty compared with
cognitively normal individuals.’?

Life-space is the spatial extent of a person’s mobility.
It has been conceptualized as a series of concentric
zones, ranging from one’s bedroom to one’s region of
the country.’® Xue et al. reported that a slightly con-
stricted life-space (going into the neighbourhood less

doi: 10.1111/5.1447-0594.2012.00878.x | 1
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than four times a week) was an important risk factor
for the development of frailty, whereas a severely con-
stricted life-space (i.e. never leaving home) indicated a
high risk of mortality." A lower fluency of going out-
doors (less than once a week) was associated with a
limitation in basic ADL and IADL." Thus, an extended
life-space seems to play an important role in maintain-
ing health and function in older adults.

Life-space assessment (LSA) was developed to evalu-
ate mobility status by measuring the life-space for
elderly individuals living in a community.”® The LSA
may indirectly reflect the physical activity status of older
adults because the LLSA score is associated with physical
performance, ADL and sociodemographic factors.
Baker et al.” suggested that the LSA is sensitive to mar-
ginal limitations before older persons experience diffi-
culties in performing ADL or IADL. Older adults with
MCI restrict their life-space,’ and the LSA might be an
early marker of functional decline in older adults with
MCI. Furthermore, identifying the determinants of life-
space is required to identify appropriate therapeutic
strategies. According to previous studies among older
adults, it has been reported that life-space is larger if
they have better physical performance, cognitive func-
tion,® mental health and JADL functions,’®!¢17 and they
are male.’ However, it is not clear whether factors,
such as demographic, physical and cognitive perfor-
mance, and psychological status, are associated with
life-space in older adults with MCI. We focused on

aMCI (memory impairment), which is likely to progress
to AD.>* The purpose of the present study was to iden-
tify the determinants of life-space in older adults with
aMCIL.

Methods

Participants

The participants were recruited from two volunteer
databases (n=1543), which included elderly partici-
pants aged 65 years and over who either attended a
health check in Obu, Japan, or were selected by strati-
fied random sampling. Figure 1 shows the flowchart of
participant recruitment and screening. The strata used
in stratified random sampling were age and sex. In the
first eligibility assessment for the present study, 528
potential participants who had either a Clinical Demen-
tia Rating of 0.5 or memory complaints were enrolled. A
total of 135 participants responded to the second eligi-
bility assessment; 76 participants completed the assess-
ment and met the inclusion criteria. The inclusion
criteria required that they live independently in the
community, speak Japanese, have adequate hearing
and visual acuity, and be able to participate in the
examinations, and met the definition of aMCI. In the
present study, aMCI was defined according to Peter-
son’s internationally-accepted criteria:' having memory
complaints and an objective memory impairment,

1543 Individuals screened
for eligibility by interview

1,408 Excluded
768 No memory complaint
32 History of stroke
35 History of heart disease
14 Having other medical problem
10 Participating in other research projects

299 Not contacted
150CDR =0
100CDR=1to03
3 Refused to participate
135 Individualsscreened
for 2nd eligibility
66 Excluded

59 Did not meet the inclusion criteria
7 Having any medical problem

69 Completed assessments

Figure 1 Flow chart of participant
recruitment and screening. CDR,
Clinical Dementia Rating.

© 2012 Japan Geriatrics Society



Life-space and mild cognitive impairment

maintaining independent activities of daily living, pre~
served general cognitive function and no dementia. The
objective memory impairment was defined as a lower
score on the Wechsler Memory Scale-Revised (WMS-R)
Logical Memory IL.* The cut-off score to define the
aMCI was adjusted by educational history (0-9 years:
<7 points, 10-15 years: <10 points, more than 16 years:
<12 points).” In addition, general cognitive function
was found to be intact in all the 76 participants whose
Mini-Mental State Examination (MMSE) scores were in
the range of 24-30.2° Seven participants were excluded
based on the exclusion criteria, specifically a history of
major psychiatric illness, other serious neurological or
musculoskeletal diagnoses, or depression (Geriatric
Depression Scale [GDS] scores greater than or equal
to 10%'). There were 69 older adults in the final
analyzed sample (n =69, age M =75.4, proportion of
males 56.5%, educational history M= 11.0). Written
informed consent was obtained from the participants in
accordance with the guidelines approved by the
National Center for Geriatrics and Gerontology, and the
Declaration of Human Rights, Helsinki, 1975.

Measurements

Demographic data were recorded including age, sex and
educational history. Life-space mobility was measured
using a Japanese translation of the LSA.®* The
repeated forward-backward translation procedure was
used to produce a Japanese version of the LSA. The
translation was carried out by a native English translator
and three Japanese translators, and confirmed by Baker
et al., a developer of the LSA. The LSA can be used to
derive a score based on the reported movement distance
for the 4 weeks preceding the assessment. The life-
space levels ranged from the room where a person
sleeps to beyond the person’s town (five life-space
levels): (i) “other rooms of your home besides the room
where you sleep”; (ii} “an area outside your home, such
as your porch, deck, or patio, hallway (of an apartment
building) or garage, in your own yard or driveway”; (iii)
“places in your neighbourhood other than your own
yard or apartment building”; (iv) “places outside your
neighbourhood, but within your town”; and (v) “places
outside your town.” For each life-space level, partici-
pants were asked how often they travelled to that area
(less than once a week, 1-3 times each week, 4-6 times
each week, daily) and whether they required assistance
from another person or from an assistive device (“yes”
or “no”). The LSA scores ranged from 0 (“totally room-~
bound”) to 120 (“travelled out of town every day
without assistance”), with lower scores reflecting lower
life-space mobility.

All neuropsychological tests were catried out by well-
trained speech therapists, and each score was rechecked

© 2012 Japan Geriatrics Society

by a single therapist blind to the other participant data.
General cognitive function was evaluated using the
Alzheimer’s Disease Assessment Scale (ADAS).2 The
ADAS was designed specifically to evaluate cognitive
and behavioural dysfunctions characteristic of AD.

Executive function was assessed using the Trail
Making Test forms B (TMT-B).>* Participants were
required to navigate a series of alternating numbers
and letters, and connect them in alternating sequen-
tial order. The time required to complete each task
was recorded, with more time indicating worse
performance.

Processing speed was assessed by using a version of
the Digit Symbol-Coding (DSC) subtest of the Wech-
sler Adult Intelligence Scale II1.% In the test, participants
copied symbols that were paired with numbers. Using
the key provided at the top of the exercise form, the
participant drew the symbol under the corresponding
number. The DSC score was the number of correct
symbols drawn within 120 s.

The Timed Up & Go Test (TUG) was used to assess
physical performance.? The TUG involves rising from a
chair, walking 3 m, turning around, walking back to the
chair and sitting down. Participants were instructed to
complete the task at their usual pace. The score repre-
sented the time in seconds that the participant required
to complete the assessment. Lower times indicate better
balancing ability. The recorded TUG score was the
lesser of the times measured in the two trials.

IADL were measured by the five-item subscale of
Instrumental Self-Maintenance of the Tokyo Metro-
politan Institute of Gerontology-Index of Competence
(TMIG-IC), which has been shown to be reliable.?” The
IADL subscale of the TMIG-IC consisted of the follow-
ing items: (i) “Can you use public transportation (bus or
train) by yourself?”; (i) “Are you able to shop for daily
necessities?”; (ili) “Are you able to prepare meals by
yourself?”; (iv) “Are you able to pay bills?”; and (v) “Can
you handle your own banking?” Participants were asked
about the competence status of the implementation of
each item. The response to each item in the index was
designated as “yes” (able to do, 1 point) or “no” (unable
to do, 0 point). The total score of the IADL subscale
ranges from 0 (limitation of IADL) to 5 (high level of
IADL).

Fear of falling (FoF) was measured as a psychological
factor causing activity restriction. The FoF refers to the
lack of self-confidence that normal activities can be
carried out without falling.®® The FoF was assessed
using a closed-ended question: “Are you afraid of falling
now?” Participants responded by selecting one item
from an ordered set of choices. Participants who
responded “somewhat” or “very much” were assigned to
the fear group; participants who responded “a little” or
“not at all” were assigned to the no-fear group.”
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Statistical analysis

The relationships between the LSA and the other mea-
surements were examined using Pearson’s correlations.
Spearman’s correlations were used to examine the rela-
tionship among ordinal variables; that is, IADL.
Unpaired r-tests were used to compare the LSA scores
for categorical variables; that is, sex and the FoF.

A multivariate linear regression model was used to
examine whether the potential determinants were asso-~
ciated independently with the LSA score. Independent
variables included age, sex, the ADAS, DSC, TMT-B,
TUG, TADL and FoF scores. Sex and FoF were used as
dummy variables (male=0, female=1; no fear=0,
fear = 1). Statistical analyses were carried out using the
$pss version 11.0 software package (SPSS, Chicago, IL,
USA), with P < 0.05 accepted as significant.

Results

Table 1 shows the demographic and clinical character-
istics of study participants. In the correlation analysis,
the LSA scores had modest correlations with TUG
(r=-0.342, P=0.004), DSC (r=0.365, P=0.002) and
IADL (r=0.254, P=0.035). The LSA was not corre-
lated with age (r=-0.164, P=0.18), ADAS (r=-0.07,
P=0.53) or TMT-B (r=-0.21, P=0.08). Males had
significantly higher LSA scores than females (males

Table 1 Demographic and clinical characteristics of
study participants

Participants (n = 69)

Age (years) 75.4+6.9
(69-94)
Education (years) 11.0£2.6
Sex (males) 39 (56.5)
MMSE (points) 26.8+1.8
GDS (points) 3.0+20
LSA (points) 96.3+19.9
ADAS (points) 6.4+£22
DSC (points) 457 +14.7
TMT-B (s) 204.5 £ 109.1
TUG (s) 9.2+2.3
IADL (points) 4.9+0.2
FoF (the fear group) 31 (44.9)

Values are presented as mean £ SD or n (%). ADAS,
Alzheimer’s Disease Assessment Scale; DSC, Digit
Symbol-Coding subtest of the Wechsler Adult Intelligence
Scale III; FoF, Fear of Falling; GDS, Geriatric Depression
Scale; IADL, Instrumental Activities of Daily Living subscale
of TMIG-IC; LSA, Life-Space Assessment; MMSE,
Mini-Mental State Examination; TMT-B, Trail Making Test
forms B; TUG, Timed Up & Go Test.

4 |

Table 2 Factors associated with a larger life-space in
stepwise multiple regression

Factors B P R?
LSA FoF —-0.370 0.000 0.37

DSC 0.278 0.007

IADL 0.274 0.008

DSC, Digit Symbol-Coding subtest of the Wechsler Adult
Intelligence Scale I1I; FoF, Fear of Falling; IADL,
Instrumental Activities of Daily Living subscale of TMIG-IC;
TUG, Timed Up & Go Test.

102.3+£19.7, females 88.7+17.8; P=0.004). The
no-fear group had significantly higher LSA scores than
the fear group (non-fear 104.3 £ 19.7, fear 88.7 £ 17.8;
P <0.001).

Table 2 shows the factors significantly related to LSA
scores in the stepwise multiple regression. The stepwise
method was used to empirically determine the best
combination of the demographic, cognitive, physical
and psychological factors to account for the LSA scores.
The model explained 37% of the LSA score variance.
Factors retained in the final model were the FoF
(B =-0.37, P=0.001), DSC (B=0.278, P=0.007) and
IADL (B=0.274, P=0.008). The excluded variables in
the model were age, sex, ADAS, TMT-B and TUG.

Discussion

The present study showed that factors associated with
life-space in older adults with aMCI were different from
those reported by previous studies investigating older
adults without cognitive impairment. The FoF, DSC
and IADL maintained a significant association with the
LSA scores in the stepwise multiple regression, whereas
the TUG and sex did not have a significant association
with life-space, unlike in the case of univariate analysis.
It is possible that the restrictions of life-space for the
aMCI participants were more affected by FoF, slower
processing speed and restricted IADL than sex or physi-
cal performance.

FOF contributed to multiple aspects (e.g. physical
function, cognitive function or psychological status)®
and led to an unnecessary avoidance of activities for
older adults, even though they might have been able
to carry out these activities.*’? The present findings
suggest that the association between FOF and activity
restriction might become evident after life-space restric-
tion in older adults with aMCI. Older adults with aMCI
might potentially restrict activity accompanied by mar-
ginal TADL limitation. It is considered important to
reduce FoF by targeting downstream factors, such as
increasing physical functioning,® or improving medica-
tion use® and extending life-space activities for older
adults with aMCL

© 2012 Japan Geriatrics Society
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Life-space is a mobility indicator strongly related to
cognitive function, particularly processing speed.’ DSC
is the primary measure of mental processing speed,
clerical efficiency and visual-motor coordination.®* The
results of the present study suggest that processing
speed is one of the factors related to life-space mobility
in older adults and specifically suggests that processing
speed might perform a more important role for main-
taining life-space than other cognitive factors among
aMCI individuals. Processing speed is an important
domain of cognitive ability and might be useful as a
biological marker of cognitive ageing.*® For example, in
terms of the important aspects of life-space, improving
processing speed was closely associated with protection
against declines in driving mobility*’ and delays in
driving cessation® in older adults. Driving mobility is
more likely to deteriorate in older adults with aMCI
than those with healthy cognitive abilities.” It is possible
that processing speed might be one of several important
factors in maintaining not only driving mobility, but
also life~space in the older adults, especially in those
with aMCIL Furthermore, the assessment of processing
speed might have implications for the prediction of
decline in the life~space of older adults with aMCIL

A constricted life space is associated with increased
risk of AD and cognitive decline among older persons.*
Findings of the present study might contribute to
development of interventions to expand life-space of
older adults with aMCI. Specific approaches might be
required for older adults with aMCl in order to maintain
or expand life-space, such as multicomponent cognitive
behavioural group intervention to reduce FoF and asso-
ciated activity avoidance,***! and speed of processing
training.®”

There were several limitations in the present study
that need to be mentioned. First, the analyses were
based on a cross-sectional design and we were therefore
only able to examine the correlates of life-space.
Second, the sample size was relatively small. To truly
determine the decision factors shaping life-space among
aMCI individuals, it is important to compare results
between an equal number of participants with and
without aMCIL. Third, we did not collect data on certain
factors that might influence the size of one’s life-space,
such as sensory function, acute illness or financial
strain. These and other factors should be examined in
future life-space studies. Finally, we did not compare
associated factors in cases of normal older adults, older
adults with AD, and older adults with multidomain
MCIL Comparative studies on determinants of life~
space covering the continuum from normal cognition
through MCI to AD should be carried out in the future.
Contribution of cognitive factors to life-space might
increase with progression of cognitive impairment.

In summary, despite some limitations, this is the first
study to explore the determinants of life-space in older

© 2012 Japan Geriatrics Society

adults with aMCI. The presence of FoF, slower process~
ing speed and restricted IADL were more closely related
to life-space than physical performance and demo-
graphic factors in older adults with aMCI. These find-
ings give new insight into developing effective
interventions for preventing life-space restrictions in
cognitively frail older adults.
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Background: Although much evidence supports the hypothesis that cognitive function and physical
function are interrelated, it is unclear whether cognitive decline with mild cognitive impairment
influences trainability of physical performance in exercise intervention. The purpose of this study
was to examine the association between cognitive function at baseline and change in physical
performance after exercise intervention in older adults with mild cognitive impairment.
Methods: Forty-four older adults diagnosed with mild cognitive impairment based on the
Peterson criteria (mean age 74.8 years) consented to and completed a 6-month twice weekly
exercise intervention. The Timed Up and Go (TUG) test was used as a measure of physical
performance. The Mini-Mental State Examination (MMSE), Trail Making Test Part B, Geriatric
Depression Scale, baseline muscle strength of knee extension, and attendance rate of intervention,
were measured as factors for predicting trainability.

Results: In the correlation analysis, the change in TUG showed modest correlations with
attendance rate in the exercise program (r = —0.354, P = 0.027) and MMSE at baseline
(r =-0.321, P = 0.034). A multiple regression analysis revealed that change in TUG was
independently associated with attendance rate (8 = —0.322, P = 0.026) and MMSE score
(B=-0.295, P =0.041), controlling for age and gender.

Conclusion: General cognitive function was associated with improvements in physical
performance after exercise intervention in subjects with mild cognitive impairment. Further
research is needed to examine the effects of exercise programs designed to address cognitive
obstacles in older adults with mild cognitive impairment.

Keywords: exercise, mobility, rehabilitation, Timed Up and Go test

Introduction
Mild cognitive impairment is widely regarded as a transitional syndrome between
normal cognitive ageing and clinical dementia.! Deterioration in episodic learning and
memory functions constitute the core characteristics of mild cognitive impairment and
Alzheimer’s disease. Older adults with mild cognitive impairment demonstrate decreased
physical performance, which in turn is related to the risk of Alzheimer’s disease.?
Reduced physical function leads to restricted life space mobility,’ which is associated
with increased risk of Alzheimer’s disease and cognitive decline among older persons.*
Improved usual gait speed over a 12-month period predicts a substantial reduction in
mortality.® Maintaining and improving physical function may be beneficial for preventing
conversion to Alzheimer’s disease in older adults with mild cognitive impairment.

A better understanding of the modifiable factors independently associated with
improved physical performance is needed.® This would ensure effective intervention
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based on a valid theoretical framework for increasing physical
performance. Possible modifiable factors include cognitive
function, mental status, and physiological function, such as
muscular strength. Logsdon et al’ found that older adults
with mild cognitive impairment may benefit significantly
from an exercise program specifically designed to address
their cognitive needs (ie, memory aids and easy to follow
instructions). They suggest that cognitive impairment may
prevent successful engagement in exercise. Several studies
support the hypothesis that cognitive and physical function
are interrelated,”® although it is not clear whether older adults
with mild cognitive impairment have decreased trainability
for improving physical performance.

The purpose of this study was to examine the association
between cognitive function at baseline and trainability of
physical performance using a 6-month exercise intervention
in older adults with mild cognitive impairment. We used the
Timed Up and Go test (TUG) as an assessment of physical
performance.’ This test has frequently been used to assess
lower extremity function, mobility, and risk of falls in older
adults. Recent research has revealed that TUG is associated with
executive function® and periventricular leukoaraiosis'® in older
adults with mild cognitive impairment. Changes in TUG before
and after intervention were measured as the dependent variable.
In the present study, we defined trainability as the ability to be
trained and this was expressed by rate of improvement between
before and after intervention."! By means of correlation and
regression analysis, we examined how cognitive function at
baseline influenced change in TUG. Other factors including
depression, attendance rate, and physiological function (such
as muscle strength) were also investigated. Similar to the
relationship between physical and cognitive function,?® it is
also possible that improvements in physical performance are
associated with cognitive function, where cognitive impairment
may prevent successful engagement in exercise.

We hypothesized that reduced cognitive functioning
affects trainability of physical performance by exercise
intervention in older adults with mild cognitive impairment.
This investigation is critical for the exploration of the
modifiable factors associated with trainability in order to plan
future rehabilitation programs that prevent deterioration of
physical and cognitive function.

Materials and methods

Subjects

The participants were recruited from two volunteer databases
(n=1543), which included elderly participants aged 65 years
and over who either attended a health check in Obu, Japan, or

were selected by stratified random sampling. The strata used in
our stratified random sampling were age and gender. Criteria
for inclusion in this intervention study required that participants
were 65 years or older, living independently in the community
(ie, no impairment of activities of daily living), and Japanese-
speaking, with sufficient hearing and visual acuity to participate
in the examinations. In the first eligibility assessment for this
study, 528 potential participants who had either a Clinical
Dementia Rating of 0.5 or subjective memory complaints
were screened. One hundred and thirty-five participants met
the criteria for the second eligibility assessment. They also
needed to meet the Peterson criteria for a diagnosis of mild
cognitive impairment.' The final sample consisted of 44 older
adults (mean age 74.8 years; 20 males; mean years of education,
11.1 years). These participants were exposed to an exercise
intervention and they completed a randomized controlled trial
that aimed to examine the effect of multicomponent exercise
on cognitive function. The design and the primary results of
the study have been reported elsewhere. '

Exclusion criteria included a history of major psychiatric
illness (eg, schizophrenia or bipolar disorder) and other
serious neurological or musculoskeletal diagnoses. This study
was approved by the ethics committee of National Center
for Geriatrics and Gerontology, Japan. Appropriate written
informed consent was obtained for all participants.

Procedures

The 6-month exercise program involved biweekly 90-minute
sessions with a combination of aerobic exercise, muscle
strength training, and postural balance retraining. In addition,
the exercise program focused on promoting exercise and
behavior change. Two trained physiotherapists involved in
geriatric rehabilitation conducted the interventions. Each
supervised session began with a 10-minute warmup period
and stretching exercise, followed by 20 minutes of muscle
strength exercise. The participants then practiced aerobic
exercise, postural balance retraining, and a combination of
both activities over a period of 60 minutes.

Before and after each session of the program,
physiotherapists conducted a health check of each participant.
The physiotherapists and a well trained instructor implemented
risk management for adverse events during the program. In
the aerobic exercise, participants performed stair stepping
and endurance walking. The intensity of the aerobic exercise
was prescribed at approximately 40% of maximum heart
rate during weeks 1-8. The intensity was then increased to
60% of maximum heart rate from week 9. Heart rate was
measured before and after exercise at every training session
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for risk management and estimation of the strength of training.
The strength of aerobic exercise was adjusted by the height
of the stair in stair stepping, walking speed, or weights put
on participants’ feet in endurance walking. Eleven of the
40 classes during the 6-month intervention period included
approximately 20-30 minutes of consecutive outdoor walking,
Muscle strength training was mainly performed using subjects’
own weight; training equipment was not used (eg, knee
extension, calfraise, squat). Postural balance exercise (such as
tandem walking and side walking on balance boards) was also
included in the program. There were five different widths of
balance boards (4, 6, 8, 10 and 12 cm), which were narrowed
progressively. Further, participants performed a combination
of exercises (eg, circuit training including stair-stepping,
endurance walking, and walking on balance boards). They
also performed concurrent cognitive tasks during exercise (eg,
walking while inventing a poem) because effects of dual tasks
on brain activation have been reported.'* Between individual
training sessions, participants were invited to sit and rest for
about 5 minutes. Participants were required to perform daily
home-based muscle strength exercises and walking. These
were self-monitored using a booklet and pedometer based on
the concept of promoting exercise and behavior change.

Physical performance test to assess
trainability

The TUG was used to assess physical performance.’ The TUG
involves rising from a chair, walking 3 meters, turning around,
walking back to the chair, and sitting down. Participants were
instructed to complete the task at their usual walking pace.
The score for this test represents the time (in seconds) that the
participant needed to complete the assessment. Lower times
indicate better physical performance. The recorded TUG
score was the lesser of the times measured in the two trials in
order to exclude immediate change by learning effects from
the measured value.' Licensed and well-trained physical
therapists assessed the physical performance tests. Interrater
reliability of TUG is very high in community-dwelling older
adults (intraclass coefficient of 0.98).!° Changes in TUG were
calculated as trainability using the following formula:

(Post score — pre score)/pre score.'!
Thus, a higher negative value represents greater improve-

ment by exercise intervention.

Potential correlates
All measurements were performed before the intervention
commenced. Demographic data were recorded, including

age, gender, number of medications, and educational history.
Depressive symptoms were measured using the 15-item
Geriatric Depression Scale (GDS).'¢

All neuropsychological testing was conducted by well
trained speech therapists. Each score was rechecked by
one therapist who was blinded to all other participant data.
General cognitive function was assessed with the Japanese
version of 30-item Mini-Mental State Examination (MMSE),"
the most frequently used cognitive screening measure in
cognitive aging research, with good test-retest reliability
(intraclass coefficient = 0.827).'3! Executive function was
assessed using the Trail Making Test Part B (TMT-B).?°
For this task, participants were required to navigate a series
of alternating numbers and letters, and connect them in
alternating sequential order. In the Japanese version of the
TMT-B, letters from the Roman alphabet are exchanged
for Kana characters.?! The time required to complete each
task was recorded, where a higher time indicates a poorer
performance. The TMT-B has demonstrated adequate test-
retest reliability for use in longitudinal studies.?!

The participants’ muscle strength of knee extension was
measured twice using a dynamometer (MDKKS, Molten
Co, Ltd, Tokyo, Japan). The recorded strength score was
the higher of the strength measurements (Nm/kg) in the
two trials.??

Statistical analysis

The data were analyzed using the Statistical Package for
Social Sciences version 19.0 for Windows (SPSS Inc,
Chicago, IL). A probability level of P < 0.05 was considered
to be statistically significant. Data were expressed as mean
values and standard deviations. TUG scores were compared
before and after intervention using the paired Student’s
t-test. The relationships between change in TUG score
and potential correlates (measurements at baseline and
attendance rate for exercise intervention) were investigated
using Pearson’s correlation. A stepwise multivariate linear
regression model was used to examine whether potential
predictors were independently associated with the change in
TUG. Age, gender, and other variables that were significantly
correlated with change in TUG were entered as independent
variables.

Results

Table 1 shows the demographic and baseline clinical
characteristics and attendance rate of the study participants.
Mean adherence to the exercise program was 88.2%. TUG
showed significant (P < 0.001) improvement between before
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