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Physical performance measures as a useful indicator of
multiple geriatric syndromes in women aged 75 years
and older

Satoshi Seino,"* Noriko Yabushita,! Mi-ji Kim,* Miyuki Nemoto,"* Songee Jung,! Yosuke Osuka,’
Yoshiro Okubo,'? Rafael Figueroa,' Tomoaki Matsuo' and Kiyoji Tanaka'

'Graduate School of Comprehensive Human Sciences, University of Tsukuba, Tsukuba, Ibaraki, *The Japan Society for the Promotion of
Science, and *The Research Team for Promotion Independence of the Elderly, Tokyo Metropolitan Geriatric Hospital and Institute of
Gerontology, Tokyo, Japan

Aim: To identify whether individual physical performance measures or a combination of measures is a better
indicator of multiple geriatric syndromes (MGS) defined as the concomitant presence of more than one geriatric
syndrome in an individual.

Methods: We carried out cross-sectional analyses on data from 340 community-dwelling women aged 75 years and
older (mean 80.0 years). We examined the following geriatric syndromes: urinary incontinence, falls, underweight,
depression and functional decline. Trained testers measured usual gait speed (UGS), hand-grip strength and lower
extremity performance (LEP) score derived from four LEP measures: tandem stance, chair stand test, alternate step
and timed up-and-go (TUG). We categorized UGS to distinguish high- and low-performing participants using the
established 1.0 m/s cut-off point. Applying the same population percentile (35.8%), we determined cut-off points for
all individual measures and the LEP score.

Results: The UGS, TUG and LEP score had similar discriminating powers for MGS (each with area under
receiver-operator curves [AUC] of 0.80), which were more significant than the discriminating powers of other
individual measures (AUC = 0.69-0.76) when considered as continuous variables. A slow UGS, especially less than
1.0 m/s, was more strongly associated with MGS (odds ratio [OR] = 7.6, 95% confidence interval [CI] = 3.6-15.9) than
the same percentiles for TUG (OR =3.9, 95% CI =1.9-7.8) and LEP score (OR=5.2, 95% CI=2.5-10.6).

Conclusion: The UGS test alone might be sufficient in detecting MGS in women aged 75 years and older compared
with a more comprehensive test battery. Geriatr Gerontol Int 2013; ee: ee—ee,

Keywords: area under the receiver—operator curve, geriatric syndrome, older adults, physical performance, usual gait
speed.

Introduction

Geriatric syndromes are multifactorial health conditions
resulting from the accumulated effects of impairments
in multiple domains."* Although the term “syndrome”
is generally used to group together multiple symptoms
with a single pathogenetic pathway, “geriatric syn-
drome” primarily refers to one atypical symptom or a
complex of symptoms (unified manifestation) with high
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prevalence in older adults, such as mild cognitive
impairment, delirium, dementia, depression, dizziness,
senile osteoporosis, falls, sensory loss, malnutrition and
weight loss, losses in activities of daily living (ADL),
pain, substance abuse, urinary incontinence, and iatro-
genic problems.® In particular, pressure ulcers, urinary
incontinence, falls, functional decline and delirium are
common geriatric syndromes based on a review of the
literature.’

With advancing age, more than one geriatric syn-
drome can be seen in an individual, because the risk
factors of different geriatric syndromes largely overlap.*?
Therefore, the most efficient indicator for detecting
these multiple symptoms should be used in routine
assessments of health status of older adults. Kim ez al.
showed that fear of falling and usual gait speed (UGS)

doi: 10.1111/ggi.12029
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were significantly associated with the symptoms of
urinary incontinence, falls and functional decline.*
Indeed, physical performance measures, such as UGS
and/or hand-grip strength (HGS), are considered largely
representative of a person’s general health condition.>*

However, it has not been established which individual
physical performance measure is more tightly associated
with individual and multiple geriatric syndromes. In
addition, a more comprehensive battery might capture
individual or multiple geriatric syndromes more effi-
ciently, because a geriatric syndrome represents a
unified manifestation resulting from a series of pro-
cesses or changes suggesting multiple contributors.?
Cooper et al. have mentioned the necessity of investigat-
ing whether a derived composite score representing
overall lower or upper extremity performance is a stron-
ger predictor of health problems than any of the indi-
vidual measures.” Although previous studies®'" have
shown that a comprehensive battery of tests tended to
be better at predicting or discriminating ADL disability,
which is a geriatric syndrome, several studies have also
concluded that UGS alone was nearly as good at detect-
ing ADL disability as a comprehensive battery of tests.
Thus, the significance of combining several perfor-
mance measures is still unclear.

In the present study, we examined five geriatric syn-
dromes used in previous studies of older Japanese
adults:*'? urinary incontinence, falls, underweight,
depression and functional decline. Furthermore, the
term multiple geriatric syndromes (MGS) was opera-
tionally defined as “the concomitant presence of more
than one of the geriatric syndromes described above in
the same individual.” We chose to focus only on older
women, because the prevalence of frailty, disability or
other functional problems is higher in women than
men, although women have a longer life expectancy
than men worldwide.”"* The purpose of the present
study was to identify whether individual physical per-
formance measures or a more comprehensive battery of
tests is a better indicator of MGS.

Methods

Participants

A total of 421 community-dwelling, Japanese women
aged 75 years and older (mean 80.3 years) participated in
the present study. We set the minimum age at 75 years
because aging and being older is a common risk factor for
geriatric syndrome.? The participants were recruited
from the towns of Ibaraki (n = 216), Chiba (n = 138) and
Fukushima (n = 67), Japan, between 2007 and 2011 as
part of a nursing care prevention program or day-care
service. Almost all the participants were recruited
through local advertisements and flyers. Participants

2|

were excluded if they: (i) required a cane or other walking
device, or their physical performance could not be mea-
sured by a standard method (e.g. they needed physical
support from another person; n=36); (i) could not
understand the instructions of performance tests and
questionnaires (7 =11); or (iii) had data missing from
their performance tests and geriatric syndromes (n = 34).
There were 340 participants remaining, ranging in age
from 75 to 96 years (mean 80.0 years old). All participants
provided written informed consent. The study protocol
was approved by the Ethics Committee of the University
of Tsukuba, Japan.

Measurements

Physical performance measures

We compared UGS, HGS, four widely-used lower
extremity performance (LEP) measures (tandem
stance,” chair stand test,'® alternate step,” and timed
up-and-go [TUG]™) and a composite score for LEP that
was derived from these four LEP measures. The LEP
score was previously developed along with a principal
component analysis as a LEP indicator.'"®

UGS. Participants were instructed to stand with their
feet behind and just touching a starting line marked
with tape at Om and, on receiving the tester’s
command, to start walking at their normal pace along a
7-m course. The actual walking speed was measured
over 5-m, starting with the first footfall past the 1-m
mark and ending with the first footfall after the 6-m
mark. Participants carried out two trials with results
averaged to the nearest 0.01 m/s. The reliability of UGS
was excellent, with an intraclass correlation coefficient
(ICC) of 0.98.

HGS. We measured HGS using a hand-held dyna-
mometer (GRIP-D, T.K.K 5401; Takei Scientific
Instruments, Tokyo, Japan). Participants stood with
their arms hanging naturally at their sides. They were
instructed and verbally encouraged to squeeze the
hand-grip as hard as possible. Grip size was adjusted
to a comfortable level for each participant. Participants
carried out two trials with each hand alternately, and
the results were average to the nearest 0.1 kg. The
reliability of the HGS was excellent, with an ICC of
0.%6.

Tandem stance. Participants stood with the heel of one
foot directly in front of the toes of the other foot for a
maximum of 30 s. The end-point occurred when the
participant shifted from the tandem position, lifted or
replaced a foot, moved a foot on the floor, or touched
any object with their hands to maintain their balance.’
Participants carried out two trials with the results

© 2013 Japan Geriatrics Society
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averaged to the nearest 0.01s. The reliability of the
tandem stance was acceptable with an ICC of 0.79.

Chair stand test. The chair stand test measures the time
to move from a sitting to a standing position five times
without using the arms. Participants were asked to stand
up and sit down on a 46-cm high, straight-backed chair
as quickly as possible. The time was measured from the
initial sitting position to the final fully erect position at
the end of the fifth stand."® Participants carried out two
trials, and the results were averaged to the nearest
0.01 s. The reliability of the chair stand test was excel-
lent with an ICC of 0.96.

Alternate step. Participants were asked to step with alter-
nate feet onto a raised platform. We measured the time it
took to place each foot alternately onto a 19-cm high step
eight times."” Participants carried out two trials, and the
results were averaged to the nearest 0.01 s. The alternate
step had an excellent reliability with an ICC of 0.96.

TUG. Participants were asked to rise from a 46-cm
high chair, walk forward 3 m as quickly as possible, turn
180 degrees and walk around a cone, walk back to
the chair, and sit down.'® Participants carried out two
timed trials with the results averaged to the nearest
0.01 s. The reliability of the TUG was excellent with an
ICC of 0.99.

LEP score. We calculated the LEP score using tandem
stance, chair stand test, alternate step and TUG. The
LEP score was developed to identify individuals at a
high risk of frailty based on Japan’s long-term care
insurance system.” We selected these measures for
their significant relevant factors for high risk of frailty
based on Japan’s long-term care insurance system?®
after examining, with logistic regression analysis, 12
performance-based measures.” The LEP score is
distributed with a mean of 0 and a standard deviation
of 1.0, and can be calculated with the following
equation: LEP score=0.031X; ~0.106X; ~ 0.192X; ~
0.096X,+1.672, where X;=tandem stance (s),
X, =chair stand test (s), Xs = alternate step (s) and
Xs=TUG (s). This equation is weighted using the
coefficients of principal component scores obtained
from a principal component analysis. This analysis
provides the first principal component, which accounts
for the largest variance among the extracted compo-
nents. The first principal component is a useful statis-
tical tool combining all explanatory variables into a
single expression.” Because the first principal compo-
nent represents a linear combination of tandem stance,
chair stand test, alternate step and TUG, this compo-
nent can be used as an overall index of LEP measures.
This method has been described in more detail
elsewhere.?'2

© 2013 Japan Geriatrics Society

Geriatric syndromes

Face-to-face interviews enabled us to determine which
participants experienced urinary incontinence, falls,
presence of depression and functional decline. To mini-
mize recall bias, skilled interviewers, who had been
trained and certified in measurement techniques,
carried out the interviews. To identify urinary inconti-
nence, we looked at aspect of bladder emptying using
the Barthel Index Interviewers asked participants,
“Have you experienced urine leakage during the past
month?” The participants answering “yes” were defined
as having urinary incontinence. The interviewers asked
the question “Have you fallen in the past year?” for
information on falls. A fall was defined as an unexpected
event in which the participant comes to rest on the
ground, floor or other lower level.?”? Coming to rest
against furniture or a wall was not counted as a fall.
Participants reporting one or more falls were catego-
rized as fallers. Depression was assessed using a two-
part question from the Center for Epidemiological
Studies-Depression scale:* “How often in the last week
did you feel this way? (a) I felt that everything I did was
an effort. (b) I could not get going.” Participants who
said “more than 3 days” to either part (a) or part (b) were
categorized as depressed.*® We used the Tokyo Metro-
politan Institute of Gerontology (TMIG) index of com-
petence® to assess functional decline. The response to
each item in this multidimensional, 13-item index of
competence is either “yes” (able to perform) for 1 point
or “no” (unable to perform) for 0 points. A total score
less than 11 defined the participants as having func-
tional decline.**** We considered a participant as under-
weight if she had a body mass index (BMI; bodyweight
divided by height squared [kg/m?]) less than 18.5 kg/m?.
We classified participants having two or more geriatric
syndromes as suffering from MGS.

Potential confounders

There were several potential confounders in our analy-
ses: age; clinical conditions (history of stroke, hyperten-
sion, diabetes mellitus, heart disease, respiratory
disease, osteoporosis and dyslipidemia); and joint pain
(presence of low-back pain, or knee pain). All of these
were determined through face-to-face interview.
Although we investigated frequency of weekly outings,
along with smoking and alcohol habits, we did not
include them as potential confounders in our analyses,
because we did not receive this information from all
participants.

Statistical analyses

We used descriptive statistics to characterize the study
participants. To compare the power of the six physical
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performance measures individually, and the LEP score
for detecting the presence of each geriatric syndrome
and MGS, we carried out receiver—operating character-
istic (ROC) analyses. Areas under the ROC curves
(AUC), and 95% confidence intervals (CI) of the six
physical performance measures and LEP score were
compared using the DeLong method® implemented in
the statistical software Analyse-It for Microsoft Excel
(Analyse-it Software, Leeds, UK). Independent variables
used in the present study included the six physical per-
formance measures and the LEP score, whereas the
presence of each geriatric syndrome and MGS were
dependent variables. An AUC between 0.7 and 0.8 was
considered acceptable discrimination, between 0.8 and
0.9 was considered excellent discrimination, and greater
than 0.9 was considered outstanding discrimination.*

To evaluate which performance measures, when
diminished, had the strongest association with each
geriatric syndrome and MGS, we carried out multiple
logistic regression analyses. Cesari et al. showed that the
prognostic value of UGS for identifying people at high
risk of health-related outcomes was at a cut-off value
of 1.0 m/s.*¢ In our analyses, we used the 1.0 m/s cut-
off value to dichotomize UGS into high- and low-
performance groups. Other individual performance
measures and the LEP score were dichotomized using
the same population percentile (35.8%) as the UGS
1.0 m/s cut-off value. We determined these percentiles
based on the distribution of the present study sample
population. By maintaining the same threshold to iden-
tify individuals at a low-performance level, we deter-
mined equal distributions of the performance measures
of interest, consequently allowing fair comparisons.*
We adjusted for potential confounders and calculated
the odds ratios (OR) and 95% CI for the presence of
each geriatric syndrome and MGS according to our two
categories: the high-performance category, which we
considered a reference group; and the low-performance
category.

We used an alpha level of 0.05 to determine statistical
significance and performed all statistical analyses using
SPSS statistics Version 19.0 (SPSS Inc., Chicago, IL,
USA).

Results

Table 1 summarizes descriptive details of the study par-
ticipants. There were 29 (8.5%) participants who had
experienced urinary incontinence, 92 (27.1%) who had
experienced falls, 22 (6.5%) who were underweight, 34
(10.0%) with depression, and 117 (34.4%) with func-
tional decline. There were a total of 69 (20.3%) partici-
pants with MGS in our study. Of these 69 participants
with MGS, the greatest number (n = 25) had concomi-
tant presence of falls and functional decline.
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Table 2 shows the AUC and 95% CI of each perfor-
mance measure, and the LEP score for identifying indi-
vidual geriatric syndromes and MGS. The ROC curves
of tandem stance for urinary incontinence and for all
performance measures except HGS for underweight
were not significantly different from the diagonal line
(AUC = 0.5), which indicates zero discriminating ability
of the tests. All other ROC curves were significantly
different from the diagonal line.

For each geriatric syndrome, the greatest AUC value
was generally seen with UGS, TUG, and LEP score.
However, for the underweight, only HGS had signifi-
cant and acceptable discriminating power (AUC = 0.71),
and its AUC was significantly greater than AUC of other
performance measures (AUC =0.53-0.60). For MGS,
the UGS, TUG, and LEP score had excellent discrimi-
nating power (AUC = 0.80) with no significant differ-
ence between their AUC, and these AUC were
significantly greater than the AUC of other individual
performance measures (AUC = 0.69-0.76).

Table 3 presents OR and 95% ClI for the presence of
each geriatric syndrome and MGS according to partici-
pants’ individual performance measures and LEP
scores. For our participants, the 1.0 m/s cut-off value
for UGS corresponded to the 35.8th percentiles. We
used these same percentiles to identify cut-off values for
HGS (low-performance group <17.3 kg), tandem stance
(low-performance group <23.30s), chair stand test
(low-performance group >9.70 s), alternate step (low-
performance group >5.80s), TUG (low-performance
group >8.90 s) and LEP score (low-performance group
<-0.66).

A slower UGS and weaker HGS were significantly
associated with all geriatric syndromes except under-
weight and urinary incontinence, respectively. As with
the ROC analyses, the OR and CI indicated that only a
weaker HGS was significantly associated with being
underweight (OR 3.4, 95% CI 1.2-9.4), whereas the
associations between other geriatric syndromes and
HGS were generally weaker than their associations with
other significantly-related performance measures.
Although a lower LEP score had the largest OR for falls
(OR 2.4, 95% CI 1.3-4.3), depression (OR 2.9, 95% CI
1.2-6.8) and functional decline (OR 4.8, 95% CI 2.6—
8.7), among the individual performance measures, only
a slower UGS had similar OR for all of the geriatric
syndromes. The chair stand test and TUG were signifi~
cantly associated with three geriatric syndromes. A
slower chair stand test was associated with urinary
incontinence (OR 2.7, 95% CI 1.1-6.7), falls (OR 2.0,
95% CI 1.1-3.5) and functional decline (OR 4.1, 95%
CI 2.4-7.3). A slower TUG was associated with urinary
incontinence (OR 2.8, 95% CI 1.1-7.3), depression (OR
2.7, 95% CI 1.1-6.5) and functional decline (OR 3.8,
95% CI 2.1-6.8). These two tests had similar OR for
urinary incontinence and functional decline; however,
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Table 1 Characteristics of the study participants

Characteristics

Mean * standard
deviation or n (%)

Age, years (n = 340)
Body mass index, kg/m? (n = 340)
Frequency of weekly outings, days/week (1 =323)
Smoking habit (n =278)
Never
Former
Current
Alcohol habit (n = 278)
Abstain
Moderate (1-4 days/week)
Heavy (almost every day)
Conditions, n (%)
Stroke (n = 337)
Hypertension (n = 338)
Diabetes mellitus (n = 338)
Heart disease (n=337)
Respiratory disease (1 = 338)
Osteoporosis (n = 337)
Dyslipidemia (n = 337)
Low-back pain (n = 335)
Knee pain (n = 335)
Performance measures (7 = 340)
Usual gait speed (m/s)
Hand-grip strength (kg)
Lower extremity performance score
Tandem stance (s)
Chair stand test (s)
Alternate step (s)
Timed up-and-go (s)
Geriatric syndromes (1 = 340)
Urinary incontinence, n (%)
Falls, n (%)
Underweight, n (%)
Depression, n (%)
Functional decline, n (%)
Multiple geriatric syndromes (having 2 or more geriatric syndromes)
No. geriatric syndromes (7 = 340)
0, n (%)
1, n (%)
2, n (%)
3, n (%)
4, n (%)
S, n (%)
Combination patterns of multiple geriatric syndromes (1 = 69)
Urinary incontinence + falls
Urinary incontinence + functional decline
Falls + underweight
Falls + depression
Falls + functional decline
Underweight + functional decline
Depression + functional decline
Urinary incontinence + falls + depression
Urinary incontinence + falls + functional decline
Urinary incontinence + underweight + functional decline
Urinary incontinence + depression + functional decline
Falls + underweight + depression
Falls + underweight + functional decline
Falls + depression + functional decline
Underweight + depression + functional decline
Urinary incontinence + falls + depression + functional decline
Urinary incontinence + falls + underweight + depression + functional decline

80.0 = 4.6
23.5 3.6
5.5 %21

265 (95.3)
6(2.2)
7 (2.5)

242 (87.1)
27 (9.7)
93.2)

19 (5.6)
168 (49.7)
28 (8.3)
50 (14.8)
8 (2.4)
51 (15.1)
37 (11.0)
129 (38.5)
129 (38.5)

1.09 £ 0.30
19.0 £ 4.6
-0.67 = 1.25
23.2%x9.7
9.9 %39
5.9x2.1
93 %42

29 (8.5)
92 (27.1)
22 (6.5)
34 (10.0)
117 (34.4)
69 (20.3)

141 (41.5)
130 (38.2)
46 (13.5)
21 (6.2)
1(0.3)
1(0.3)

1(1.4)
4(5.8)
3 (4.3)
1(1.4)
25 (36.2)
5(7.2)
7 (10.1)
1(1.4)
4(5.8)
2 (2.9)
3 (4.3)
1(1.4)
2 (2.9)
7 (10.1)
1(1.4)
1(1.4)
1(1.4)

n=340. Lower extremity performance score = 0.031 x tandem stance — 0.106 x chair stand

test — 0.192 x alternate step — 0.096 x timed up-and-go + 1.672.
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Table 2 Areas under the receiver operating characteristic curves, and 95% confidence intervals of physical performance for individual and multiple

geriatric syndromes

Physical
performance
measures

Individual geriatric syndromes

Multiple geriatric
syndromes

Urinary
incontinence

Falls

Underweight

Depression

Functional
decline

Having 2 or more

geriatric syndromes

AUC (95% confidence interval)

Usual gait speed

Hand-grip strength

Tandem stance
Chair stand test
Alternate step
Timed up-and-go
Lower extremity

performance score

0.69 (0.58-0.81)
0.64 (0.53-0.75)
0.58 (0.48-0.69)
0.68 (0.57-0.79)
0.67 (0.56-0.79)
0.72 (0.61-0.83)
0.70 (0.59-0.81)

0.63 (0.56-0.69)
0.59 (0.53-0.66)*

0.56 (0.43-0.70)°
0.71 (0.61-0.81)

0.62 (0.55-0.69)
0.63 (0.56-0.70)
0.62 (0.56-0.69)
0.64 (0.57-0.71)
0.66 (0.59-0.72)"

0.60 (0.48-0.72)°
0.54 (0.42-0.67)°
0.55 (0.44-0.66)"
0.53 (0.38-0.68)°
0.56 (0.44-0.68)°

0.72 (0.62-0.81)

0.78 (0.73-0.83)°

0.80 (0.74-0.86)"

0.67 (0.57-0.77)

0.70 (0.64-0.76)*

0.72 (0.65-0.80)*

0.66 (0.56-0.77)

0.67 (0.61-0.73)

0.69 (0.62-0.76)*

0.64 (0.54-0.75)™

0.76 (0.70-0.81)°

0.76 (0.69-0.82)*4

0.64 (0.53-0.76)™

0.74 (0.68-0.79)*

0.76 (0.69-0.82)*¢

0.71 (0.61-0.81)

0.79 (0.74-0.84)°

0.80 (0.74-0.86)°

0.69 (0.58-0.80)

0.79 (0.74-0.85)°

0.80 (0.75-0.86)"

Areas under the receiver-operating characteristic curves (AUC) range 0.5-1.0. Degree of discrimination: 0.7-0.8 acceptable, 0.8-0.9 excellent, 0.9~1.0 outstanding.*
Underline: the ability to discriminate geriatric syndrome significantly differed from zero. °P < 0.05 versus usual gait speed. "P < 0.05 versus hand-grip strength. P < 0.05
versus timed up-and-go. ‘P < 0.05 versus lower extremity performance score. Lower extremity performance score = 0.031 x tandem stance — 0.106 x 5 chair sit-to-stands —
0.192 x alternate step — 0.096 x timed up-and-go + 1.672. Independent variables: usual gait speed, hand-grip strength, tandem stance, chair stand test, alternate step, timed
up-and-go, and lower extremity performance score. Dependent variable: urinary incontinence, falls, underweight, depression, functional decline and multiple geriatric

syndromes.
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Table 3 Adjusted odds ratios and 95% confidence intervals for individual and multiple geriatric syndromes according to physical performance

Physical performance
measures (cut-off

Individual geriatric syndromes

Multiple geriatric syndromes

value: 35.8 percentile) Urinary incontinence Falls Underweight Depression Functional decline Having 2 or more
geriatric syndromes
Case/ Adjusted Case/ Adjusted Case/ Adjusted Case/ Adjusted Case/ Adjusted Case/ Adjusted
participants  odds ratio participants  odds ratio participants  odds ratio Participants  odds ratio participants  odds ratio participants  odds ratio
(%) (95% CI) (%) (95% CI) (%) (95% CI) (%) (95% CI) (%) (95% CI) (%) 95% CI)
Usual gait speed
=1.0 m/s 10/212 (4.7) 1 (reference) 41/212 (19.3) 1 (reference) 12/212 (5.7) 1 (reference) 12/212 (5.7) 1 (reference) 42/212 (19.8) 1 (reference) 16/212 (7.5) 1 (reference)

(high-performance)
<1.0 m/s
(low-performance)
Hand-grip strength
=173 kg
(high-performance)
<17.3 kg
(low-performance)
Tandem stance
=23.30s
(high-performance)
<23.30s
(low-performance)
Chair stand test
=9.70 s
(high-performance)
>9.70 s
(low-performance)
Alternate step
=5.80s
(high-performance)
>5.80s
(low-performance)
Timed up-and-go
=8.90s
(high-performance)

>8.90s
(low-performance)

19/118 (16.1) 3.6 (1.4-9.2)**

15212 (7.1) 1 (reference)

14/118 (11.9) 0.9 (0.4-2.2)

14/212 (6.6) 1 (reference)

12/118 (12.7) 1.7 (0.7-3.9)

11/212 (5.2) 1 (reference)

18/118 (15.3) 2.7 (1.1-6.7)*

12/212 (5.7) 1 (reference)

17/118 (14.4) 2.2 (0.9-5.7)

10/212 (4.7) 1 (reference)

19/118 (16.1) 2.8 (1.1-7.3)*

Lower extremity performance score

=-0.66
(high-performance)

<—0.66 (low-
performance)

12/212 (5.7) 1 (reference)

17/118 (14.4) 2.2 (0.9-5.7)

42/118 (35.6)

421212 (19.8)

41/118 (34.7)

42/212 (19.8)

41/118 (34.7)

41/212 (19.3)

42/118 (35.6)

42/212 (19.8)

41/118 (34.7)

45/212 (21.2)

38/118 (32.2)

38/212 (17.9)

45/118 (38.1)

1.9 (1.1-3.4)*

1 (reference)

1.8 (1.0-3.2)*

1 (reference)

1.7 (1.0-3.0)*

1 (reference)

2.0 (1.1-3.5)*

1 (reference)

1.7 (0.9-3.0)

1 (reference)

1.4 (0.8-2.5)

1 (reference)

2.4 (1.3-4.3)**

10/118 (8.5)

9/212 (4.2)

13/118 (11.0)

11/212 (5.2)

11/118 (9.3)

14/212 (6.6)

8/118 (6.8)

157212 (7.1)

7/118 (5.9)

12/212 (5.7)

10/118 (8.5)

13/212 (6.1)

9/118 (7.6)

2.9 (0.9-8.8)

1 (reference)

3.4 (1.2-9.4)

1 (reference)

2.3 (0.9-6.2)

1 (reference)

0.9 (0.3-2.6)

1 (reference)

0.8 (0.2-2.5)

1 (reference)

2.0 (0.7-6.2)

1 (reference)

1.5 (0.5-4.5)

22/118 (18.6)

12/212 (5.7)

22/118 (18.6)

15/212 (7.1)

19/118 (16.1)

157212 (7.1)

19/118 (16.1)

16/212 (7.5)

18/118 (15.3)

12/212 (5.7)

22/118 (18.6)

12/212 (5.7)

22/118 (18.6)

2.8 (1.2-6.6)*

1 (reference)

2.8 (1.2-6.3)*

1 (reference)

2.0 (0.9-4.3)

1 (reference)

1.7 (0.8-3.8)

1 (reference)

1.4 (0.6-3.3)

1 (reference)

2.7 (1.1-6.5)*

1 (reference)

2.9 (1.2-6.8)*

71/118 (60.2)

48/212 (22.6)

65/118 (55.1)

55/212 (25.9)

58/118 (49.2)

43/212 (20.3)

70/118 (59.3)

44/212 (20.8)

69/118 (58.5)

41/212 (19.3)

72/118 (61.0)

40/212 (18.9)

73/118 (61.9)

4.4 (2.4-8,0)%**

1 (reference)

2.5 (1.44.3)y**

1 (reference)

1.8 (1.1-3.2)*

1 (reference)

4.1 (2.4-7.3)*%*

1 (reference)

3.3 (1.9-5.8)%**

1 (reference)

3.8 (2.1-6.8)%**

1 (reference)

4.8 (2.6-8.7)%**

49/118 (41.5) 7.6 (3.6-15.9)***

22/212 (10.4) 1 (reference)

43/118 (36.4) 2.7 (1.4-5.2)**

27/212 (12.7) 1 (reference)

38/118 (32.2) 2.3 (1.2-4.3)*

24/212 (11.3) 1 (reference)

417118 (34.7) 2.9 (1.5-5.6)**

21/212 (9.9) 1 (reference)

44/118 (37.3) 3.4 (1.7-6.7)%**

19/212 (9.0) 1 (reference)

46/118 (39.0) 3.9 (1.9-7.8)***

18/212 (8.5) 1 (reference)

47/118 (39.8) 5.2 (2.5-10.6)***

n=330. Odds ratio: adjusted for age, stroke, hypertension, diabetes mellitus, heart disease, respiratory disease, osteoporosis, dyslipidemia, low back pain and knee pain. Underline: significant results.
#P < 0.05, **P < 0.01, *#*P < 0.001. Lower extremity performance score = 0.031 x tandem stance — 0.106 x chair stand test — 0.192 x alternate step - 0.096 x timed up-and-go + 1.672. Independent variables: usual gait speed, hand-grip
strength, tandem stance, chair stand test, alternate step, timed up-and-go, and lower extremity performance score. Dependent variables: urinary incontinence, falls, underweight, depression, functional decline and multiple geriatric

syndromes.
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they were lower than the OR of UGS. Although a poor
result for the tandem stance was significantly associated
with falls (OR 1.7, 95% CI 1.0-3.0) and functional
decline (OR 1.8, 95% CI 1.1-3.2), these were the
weakest associations among all the significantly-related
performance measures. A slower alternate step was sig-
nificantly associated only with functional decline (OR
3.3, 95% CI 1.9-5.8).

Finally, there were significant associations between
MGS and poor scores on any of the individual perfor-
mance tests or a lower LEP score. In particular, a slower
UGS had the greatest OR (7.6, 95% CI 3.6-15.9) among
all performance measures, even when compared with a
low LEP score (OR 5.2, 95% CI 2.5-10.6).

Discussion

We determined that the greatest discriminating power
for each geriatric syndrome was generally seen with
UGS, TUG and the LEP score when considered as
continuous variables, and the result was consistent for
MGS. The discriminating power of these three mea-
sures for MGS (each with an AUC of 0.80) was signifi-
cantly greater than that of other individual performance
measures (AUC =0.69-0.76), and we regarded this
greater than 5% difference as substantial after reviewing
several previous studies.®** Furthermore, although
UGS, TUG and LEP score had the same discriminating
power for MGS, a slower UGS and lower LEP score
generally had the greatest adjusted OR for each geriatric
syndrome. In particular, a UGS less than 1.0 m/s was
more tightly associated with MGS than was a lower LEP
score. These results show that a decreased UGS is an
important sign of MGS among women aged 75 years
and older.

Similar to UGS, HGS is considered largely represen-
tative of a person’s general health condition,® and also as
a standardized measure of muscle strength or nutri-
tional status.” However, women originally have less
skeletal muscle than men, and these sex differences are
more pronounced in the upper body.* In addition,
because women had slower rates of decline in HGS than
men,* decreased HGS might be more difficult to actu-
alize as a sign of MGS in women than men.

Our present findings are consistent with previous
studies showing that UGS alone is nearly as good as
more comprehensive batteries (e.g. short physical per-
formance battery)'® for detecting a decline of functional
status.®'%!" These results would not change, even if we
include UGS in the LEP score, because TUG predicted
adverse-health outcomes as well as UGS, and combin-
ing the two measures did not add extra predictive
ability.*

A noteworthy finding of the present study is that a
slower UGS indicated MGS in older women more

strongly than did a lower LEP score. Montero-Odasso
etal. proposed an interesting hypothesis that a
decreased UGS might reflect a complex interaction
among several impairments.* Walking is a task coordi-
nating and integrating multidimensional factors: central
nervous system, perceptual system, peripheral nervous
system, muscles, bone/joints and energy production/
delivery.* This is different from HGS, which requires
only a regional task (e.g. grasp). Therefore, good overall
functioning is required to maintain an adequate UGS,
and the burden of potential impairments might actual-
ize as the inability to maintain an adequate UGS.

With this in mind, we consider UGS to be an indica-
tor of the extent of cumulative age-related body changes
or disease burdens. Studenski et al. carried out a pooled
analysis of nine cohort studies collected between 1986
and 2000 using data from 34 485 older adults aged 65
years or older with baseline UGS data.*” They showed
that a UGS of 1.0 m/s or faster consistently showed a
longer survival time than what was expected by age and
sex alone. Cesari et al. also showed that people with a
UGS faster than 1.0 m/s have longer survival times and
a lower risk of adverse-health outcomes, such as
(severe) mobility limitation and hospitalization.**” Fur-
thermore, Takahashi et al. investigated walking speed at
130 crosswalks, and reported that at least 1.0 m/s was
required to safely cross the street in Japan.* These find-
ings show the importance of an individual maintaining
her UGS at least to a standard level (i.e. 1.0 m/s).

We believe that there are two approaches to physical
performance measures: first as an indicator of a person’s
overall well-being (i.e. epidemiological indicator);
second as a specific indicator of localized function (e.g.
upper extremity muscle strength, balance or flexibility)
to assess effects of intervention.

In the former case, although we hypothesized that
combining several measures would be more useful than
UGS alone, we found few advantages to combining
performance measures as shown by the results of the
present study. Therefore, we believe UGS should be
the performance test of choice for assessing an older
woman’s overall health status, and it should be moni-
tored routinely like blood pressure or pain.

In contrast, as a specific indicator of localized func-
tion, UGS alone is insufficient and the concurrent use
of other physical performance measures or a more com-
prehensive battery of tests is desirable; an intervention
might have a differential impact on different body parts
and should be monitored with appropriate regional
measures or a battery of tests. When evaluating the
effects of intervention, the concurrent use of other
physical performance measures or a more comprehen-
sive battery of tests might provide more useful informa-
tion than UGS alone.

There were several limitations to the present study.
First, population studies of older adults can sometimes
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be affected by a selection bias, because relatively
healthy people tend to participate. Second, because
our participants were all aged 75 years or older, the
present results might not be applicable to other age
groups. In fact, the UGS was more sensitive in pre-
dicting the onset of functional dependence for people
aged 75 years and older, whereas maximum gait speed
was more sensitive for people aged 65-74 years.* UGS
might not physically stress the younger age group
(65-74 years) sufficiently. Third, we examined just five
geriatric syndromes, those used in previous studies of
older Japanese adults.*'* If we increased the number of
geriatric syndromes in the present study, participants
with MGS would also increase. In addition, we
assessed urinary incontinence using self-reported data
obtained through a simple question; however, not all
types of urinary incontinence are related to physical
function, and we could not confirm participants’
urinary incontinence type (i.e. stress incontinence,
urge incontinence, overflow incontinence or functional
incontinence). Likewise, depression among older
adults might be complex because of a wide range of
severity and comorbid symptoms, such as cerebrovas-
cular disorders, anxiety disorders and substance use
disorders.®® Thus, several different factors that we
could not investigate in the present study, along with
physical performance, might also influence partici-
pants’ depression. Fourth, the present study was a
cross-sectional study, which cannot discern cause-
effect. Finally, although we were able to adjust our
analyses for health information, there could be
unmeasured confounders for which we could not
adjust.

In conclusion, the UGS and LEP score could both
discriminate MGS with a similar power; they certainly
did this better than HGS, when considered as continu-
ous variables. However, using a slow UGS, especially
less than 1.0 m/s, was more tightly associated with MGS
than was a lower LEP score. The UGS alone might be
sufficient in detecting the MGS compared with a more
comprehensive test battery. We recommend it as a
routine assessment measure of health status in women
aged 75 years and older.
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