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Objective: There are few studies testing the accuracy of bioelectrical impedance analysis (BIA) as a method
for detecting body composition in older adults, including the pre-frail. This study compares body compo-
sition measured with BIA and dual X-ray absorptiometry (DXA) in non-frail and pre-frail older adults.
Methods: We recruited 166 participants including 60 older adults (75.0 + 5.7 years, 65-88 years, 41
women and 19 men) classified, according to Fried’s definition, as non-frail (34 older adults, 74.5 = 6.6
years) and pre-frail (26 older adults, 75.5 + 4.5 years). Fat mass (FM) and fat-free mass (FFM) were estimated
by DXA (DPX-LIQ, GE Healthcare) and BIA (MC-190, Tanita, Japan). We also compared this data with 106
healthy adults (39.4 = 12.4 years, 20-64 years, 55 men and 51 women).

Results: There were no differences between BIA and DXA results for FM in the non-frail and FFM in the
pre-frail. However, significant differences were observed for FM in the pre-frail and FFM in the non-frail
(FMBIA:18.4x5.6, FMDXA:16.9+5.0; FFMBIA:40.9+7.3, FFMDXA:40.0+6.7, P < 0.05, respectively). The
DXA and BlA-derived body composition parameters correlated significantly with each other in the non-
frail and pre-frail (FM: r = 0.94, 0.97 and FFM: r = 0.98, 0.97, all P < 0.01, respectively). Bland-Altman
plots demonstrated that there was a tendency towards an increasing overestimation of FM by BIA with
increasing FM (r = -0.39, P = 0.05). In younger group, excellent correlation was observed between BIA
and DXA (FM: r = 0.93, FFM = 0.98, P < 0.01, respectively). FMBIA tended to be overestimated with
increasing FM (r = -0.27, P = 0.05) in Bland-Altman analysis.

Conclusion: As compared to the DXA method, we found the BIA accurately assessed body composition in
non-frail and pre-frail older adults, although FM had proportional bias. The accuracy of BIA did not differ
between the younger and the elderly population.

Keywords: Non-frail; Pre-frail; Older adults; BIA; DXA

Introduction

Frailty in older adults has become a growing con-
cern. In general, frailty can be defined as a geriatric
syndrome that places older adults at a high risk of
adverse health outcomes, including falls, institution-
alization, hospitalization, and mortality [1].

Assessing body composition in older adults has
therefore become increasingly important. A loss of
muscle mass and an increase in fat mass are consistent
changes observed with advancing age. These changes
in body composition have been linked to a greater
risk of morbidity, disability, and mortality [2]. Notably,
sarcopenic-obesity, a condition in which older adults

experience both low muscle mass and high fat mass,
has been of great interest [3]. Several studies have
shown an association between sarcopenic-obesity and
a higher risk of functional impairment and physical
disability [3-5].

Frailty and sarcopenia are related and overlapping.
While some older adults with sarcopenia are frail,
most frail older adults are also sarcopenic [6,7].
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Hubbard et al. 8] revealed that older aclults under-
weight and overweight assessed by BMI are at risk of
frailty. Thus, both sarcopenia and obesity ought to be
regarded as potential signs of frailty. ,

Several techniques are available for estimating
body composition. Dual X-ray absorptiometry (DXA)
and bioelectrical impedance analysis (BIA) are two
commonly used methods for assessing body compo-
sition. DXA, which has been compared to other tech-
nologies such as hydrostatic weighing, MRI (magnetic
resonance imaging system) and CT (computed
tomography) [9-12], is one of the most accurate
approaches for measuring body composition. It has
been used as a reference method since it can precisely
detect whole body composition and has been validated
against multi-component models [13]. DXA is limited,
however, because subjects receive exposure to low-
dose radiation, the equipment is expensive.

Alternatively, BIA can be used to easily estimate
body composition. A number of studies have shown
BIA to be safe, simple to perform, valid, and reliable
[14-16]. BIA also offers advantages in its portability
and relatively inexpensive price compared to the
other methods. Thus, this BIA is suitable for older
adults, especially for less mobile or frail adults in clin-
ical settings.

BIA has been recognized as a reliable method for
evaluating body composition in younger people
[17,18], but the accuracy of measuring body compo-
sition with the BIA method in older people is contro-
versial [19], owing to changes in fat distribution and
hydration of older adults [20]. Kim et al. [21] reported
that multi-frequency BIA can accurately estimate
body composition using DXA as a reference method
in 69 healthy older Japanese adults, aged 60-88 years.
In a similar way, Haapala et al. [22] showed that BIA
had a good agreement with DXA in the assessment
of fat free mass and fat mass in 93 Finnish women,
aged 62-72 years. Although these studies have exam-
ined the validity of BIA compared to DXA as a refer-
ence in older adults, no previous study has tested its
validity in pre-frail older adults.

The purpose of this study was to examine whether
the BIA could accurately estimate body composition
in older adults, especially pre-frail older adults, using
DXA as a reference method.

Methods

Farticipants

A total of 60 Japanese men and women aged 65-88
years were recruited through poster advertisements
and flyers in senior centers and leisure centers from
the town of Chiba in 2008. The participants had to
meet the following inclusion criteria for the study: (1)
aged 65 years or older, (2) able to walk with or with-
out a walking aid, (3) able to understand the instruc-
tions and perform the physical tests, (4) absence of
terminal disease or progressive deterioration of
health, and (5) absence of history of any neurologi-
cal disease (eg, stroke or Parkinson’s disease) with

residual impairment. In addition, we recruited 106
healthy adults, age 20-64 years (39.4 + 12.4 years, 55
men and 51 women) to compare with the older
adults’ data in our study. All of the participants read
and signed the informed, written consent that was
approved by the institutional review board for test-
ing. This study was conducted in accordance with
the guidelines proposed in the Declaration of
Helsinki, and the study protocol was reviewed and
approved by the Ethics Committee of University of
Tsukuba, Japan.

Classification by Fried’s definition

Fried et al. defined frailty through the evaluation of
five different components [1]: 1) Weight loss, identi-
fied as unintentional weight loss in the past year; 2)
Exhaustion, measured using two statements by the
Center for Epidemiologic Studies-Depression scale
(CES-D) [23]; 3) Low physical activity, assessed with
a self-reported questionnaire; 4) Slowed walking
speed, measured by a 4.5 m walking test; and 5)
Decreased grip strength, assessed by a hand-held
dynamometer. A person was considered as pre-frail if
1 or 2 of the above criteria were present. If no criteria
were present, the person was considered as non-frail.

Anthropometric variables. We measured body height
to the nearest 0.1 cm using a wall-mounted stadiome-
ter (YAGAMI, YG-200). Body weight was assessed to
the nearest 0.01 kg using DXA equipment (DPX-LIQ,
GE Healthcare). We then calculated body mass index
(BMI, kg/m?) as body weight in kilograms divided by
squared height in meters.

Body composition. We measured body composition
by BIA using a Body Composition Analyzer MC-190
(Tanita Corp., Tokyo, Japarn). For the BIA procedure,
we required the participants to prepare as follows:
(1) fast and no alcohol for 8 h before measurement;
(2) void bladder before measurement; (3) no exercise
for 8 h before measurement; and (4) clean their skin
with 70 % alcohol (Gibson et al., 2004). We instructed
the participant to stand on the footplate electrodes
on the analyzer holding the handgrip electrodes with
both hands. This device applies multiple-frequency
(5 kHz, 50 kHz, 250 kHz, and 500 kHz) BIA technol-
ogy and has 8 tactile electrodes. We measured the
participant’s whole body impedance using an ipsilat-
eral foot-hand electrical pathway. This analyzer auto-
matically calculates percentage of total body fat
(%FM), BMI, fat mass (FM), fat-free mass (FFM) and
total body water using specialized software (Tanita
Corp., Tokyo, Japan).

As a reference method, we also measured whole
body composition with DXA (DPX-LIQ, GE
Healthcare). The densitometer calculated soft tissue
mass, including fat and lean tissue masses, from the
ratio of mass attenuation coefficients (R value) at
40-50 keV and 80-100 keV. We analyzed body fat,
lean tissue mass and bone mineral content according
to the manufacturer’s instructions. Fat-free mass was
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defined as lean tissue mass plus bone mineral con-
tent. Participants were required to remove all metal
items and to wear only hospital gowns for accurate
body composition measurements. A trained profes-
sional performed the scans with participants in the
supine position. To minimize technical error, the
same examiner operated the densitometer and posi-
tioned the participant.

Statistical analysis

Values are expressed as means * standard deviation
(SD). We applied a paired Student’s t-test to compare
differences in body composition measurements
between the two methods. We examined differences
between the groups (younger and elderly participants
or pre-frail and non-frail people) by independent sam-
ple t-tests. Pearson s correlation coefficients were used
to analyze relationships between results from DXA
and BIA. Using Bland-Altman plots, [24] we assessed
the potential bias between the BIA and DXA methods.
This analysis allows for the calculation of bias (estimat-
ed by the mean differences), the 95% confidence inter-
val for the bias, and the limits of agreement (2 SDs of
the difference) [24]. Multiple regression analyses were
conducted to determine correlations for the bias
between DXA and BIA. A P -value less than 0.05 was
regarded as statistically significant. We used the
Statistical Package for the Social Sciences (SPSS)
Version 12.0 J for Windows for the statistical analysis.

Table 1. Anthropometric variables of the participants.

Results

Table 1 shows the anthropometric variables of the
elderly group (non-frail and pre-frail) and younger
group. Significant differences were observed between
elderly group and younger group in age and height.
We also find significant differences between men and
women in height, weight, and BMI.

Table 2 shows the body composition variables of
the elderly group (non-frail and pre-frai) and
younger group. Significant differences were observed
between elderly group and younger group in FMBIA,
%, FMDXA, %, FMBIA, kg, and FFMBIA, kg. In elderly
group, there were significant differences between the
BIA and DXA methods in %FM and FM for the total
group and pre-frail group, and in FFM for the total
group and non-frail group. By contrast, there were
no significant differences between BIA and DXA
results in the non-frail and pre-frail groups. With
regard to younger group, there were significant dif-
ferences between the BIA and DXA methods in %FM,
FM, and FFM for the total group, as well as in sub-
groups of men and women. We could find significant
differences between men and women in FMBIA, %,
FMDXA, %, FFMBIA, kg, and FFMDXA, kg.

Table 3 summarizes the simple regression analyses
for FFM and FM using DXA as the reference method.
Significant correlations between the two methods for
measuring FM and FFM were r = 0.95 and 1 = 0.97 for

Total elderly Non-frail Pre-frail Total younger Men Women

group (n = 60) (n=34) (n=26) group (n = 106) (n =55) (n=751)
Age, years 75.0 £ 5.7 74.6 £ 6.6 755+ 4.5 39.4 + 12.4% 41.5+13.0 372+ 115
Height, cm 1524 +7.5 153.9+ 6.8 150.5 + 6.8 163.4 +7.9* 168.7 £ 6.0 157.7 £ 5.5t
Weight, kg 54.5 £ 9.1 55773 52.9 £ 10.9 61.4+11.1 68.0 = 8.5 54.2 £ 8.9t
BMI, kg/m? 23.4 +3.1 235+2.8 232+3.8 229+33 239x29 21.8 = 3.41

Values are mean = SD. BMI, body mass index. *P < 0.05 between elderly group and younger group. +P < 0.05 between men

and women.

Table 2. Body composition variables of the participants.

Total elderly Non-frail Pre-frail Total younger Men Women
group (n = 60) (n=34) (n=26) group (n = 106) (n =55) (n=751)
FMBIA, % 29.0 + 9.2* 28.6 +10.0 29.6 + 8.2* 23.7 £ 7.35% 19.7 + 5.6* 28.1 + 6.5t
FMDXA, % 28.0+ 8.8 28.0+9.2 279+ 8.6 254 +£7.98 21.6 £ 6.5 29.5 £7.2%
FMBIA, kg 16.6 £ 6.4* 152 +6.8 18.4 + 5.6* 14.7 £ 5.85* 13.7 £ 5.0% 15.7 £ 6.4*
FMDXA, kg 155£6.0 144 +6.5 169+ 5.0 15.6 £ 6.1 149 +£5.6 16.3 £ 6.6
FFMBIA, kg 39.7 £ 7.5% 40.9 £ 7.3* 38.1+7.6 44.2 + 8.75* 51.5 + 4.8% 36.3 + 3.2%F
FFMDXA, kg 39.0+7.2 40.0+ 6.7 37877 42.6 £ 8.6 49.7 £5.0 349 £ 3.4t

Values are mean = SD. BIA, bioelectrical impedance analysis; DXA, dual X-ray absorptiometry; FM, fat mass; FFM, fat free mass.
$P < 0.05 between elderly group and younger group.*P < 0.05 between BIA and DXA. *P < 0.05 between men and women.
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Table 3. Summary of simple regression analysis for FFM and FM by BIA compared to DXA.

Total group (n = 60)

Non-frail (n = 34)

Pre-frail (n = 26)

Simple regression analysis (FFM)
Slope

Intercept

r

R2

SEE

P

Simple regression analysis (FM)
Slope

Intercept

'

R2

SEE

P

0.93
1.95
0.97
0.94
1.9
<0.01

0.89
0.69
0.95
0.91
2.23
<0.01

0.91
2.9
0.98
0.95
1.86
<0.01

0.91
0.6
0.94
0.89
2.39
<0.01

0.98
0.4
0.97
0.94
1.95
<0.01

0.88
0.64
0.97
0.95
2.02
<0.01

SEE = Standard error of estimate.

Figure 1a. Bland-Altman plot Bland-Altman plots for the
systematic bias in the estimation of FFM in non-frail.

Figure 1b. Bland-Altman plot Bland-Altman plots for the
systematic bias in the estimation of FFM in pre-frail.
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Figure 2a. Bland-Altman plot Bland-Altman plots for the
systematic bias in the estimation of FM in non-frail.

Figure 2b. Bland-Altman plot Bland-Altman plots for the
systematic bias in the estimation of FM in pre-frail.
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total group, r = 0.94 and r = 0.98 for non-frail, and r =
0.97 and r = 0.97 for pre-frail, respectively (all < 0.01).

Figures la—2b show results of the Bland-Altman
plots for assessing bias in the estimation of FM and
FFM between the two methods for both the non-frail
and pre-frail groups. Bland Altman analysis reveals a
tendency towards an increasing overestimation of
FFMBIA with increasing FFM in the non-frail group
(Figure 1a) and an overestimation of FMBIA with
increasing FM in the pre-frail group (Figure 2b). The
numbers for each bias (mean and 95% confidence
interval (CD) is as follows: -0.97, -1.53 0.40 for FFM
in non-frail; -0.26, -1.06 0.53 for FFM in pre-frail; -
0.80, -1.61 0.01 for FM in non-frail; -1.54, -2.08 -1.00
for FM in pre-frail, respectively.

In multiple regression analyses (data not shown),
sex and frailty status were significant predictors (P =
0.05) for the bias between DXA and BIA Sex account-
ed for 3.9% (adjusted R2 = 0.039) in FM, and 7.2%
(adjusted R2 = 0.072) in FFM of the bias. Frailty status
accounted for 2.0% (adjusted R? = 0.020) in FM, and
2.2% (adjusted R2 = 0.022) in FM of the bias.

We conducted Pearson’s product moment correla-
tions for BIA and DXA for the healthy adults group
aged 20-64 (not shown). The DXA method-derived
body composition parameters correlated significantly
with the BIA body composition parameters in this
group (FM: r = 0.93, FFM = 0.98, P < 0.01, respective-
ly). Bland-Altman analysis showed no significant bias
in FFMBIA (1 = -0.03, P= 0.73), whereas FMBIA tend-
ed to be overestimated with increasing FM (r = -0.27,
P = 0.05). In addition, almost all individual plots for
both FM and FFM were within 95% limits of agree-
ment (mean and 95% CI: 0.91, 0.56 1.26 for FM; (0.34,
-0.08 0.75 for 20-40yr; 1.54, 1.00 2.09 for 41-64yp); -
0.26, -0.58 0.06 for FFM, respectively).

Discussion

In the present study, we examined whether bicelec-
trical impedance analysis (BIA) could accurately esti-
mate body composition in older adults, including
pre-frail older adults, using DXA as a reference
method. This study showed excellent correlation
between the two methods: both BIA and DXA can
estimate body composition, not only in healthy
adults but also in older adults, even in pre-frail older
adults. However, using the Bland-Altman analysis,
we also demonstrated that FM showed a tendency
towards an overestimation of FM.

Many studies have reported that BIA is an adequate
method for evaluating body composition in young
people [17,18] However, the applicability of the BIA
in older adults has been controversial [19] because
aging is related to changes in height, weight and fat
distribution [25]. In this study, we showed that excel-
lent correlation between BIA and DXA both elderly
group (non-frail and pre-frail) and younger group in
all body composition parameters. However, in the
Bland-Altman analyses, FM showed a tendency
towards an overestimation of FM in younger group

and pre-frail (elderly group).The mean bias and 95%
CI of FM was 0.91 (0.56-1.26) in younger group,
(0.34, -0.08 0.75 for 20-40yr; 1.54, 1.00 2.09 for 41-
04yr), -1.12 (-1.63--0.62) in elderly group, -0.80
(-1.61~0.01) in non-frail, and -1.54 (-2.08 --1.00) in
pre-frail, respectively. Regarding FFM, the mean bias
was lower in younger group (-0.26, -0.58 0.06) than
elderly group (-0.66 -1.12 ~-0.19). No systematic bias
observed in Bland-Altman analyses in younger
group, though a tendency of overestimation of FFM
was found in non-frail (elderly group). It might be
suggested that BIA can be assessed body composi-
tion at the same level in both younger and elderly
groups.

In elderly group, although we confirmed a strong
correlation between FFM and FM measured by BIA
and DXA even in pre-frail older adults, our Bland-
Altman analyses showed the BIA tended to overesti-
mate and have a systematic bias for FM in pre-frail
older adults compared to the DXA method. Also,
there was a tendency for the BIA to overestimate
FFM in non-frail older adults, though we found no
systematic bias. The mean bias was -0.97 (-1.06 - -
0.40) in non-frail, -0.26 (-1.06 — 0.53) in pre-frail for
FFM, -0.80 (-1.61—0.01) in non-frail, -1.54 (-2.08 — -
1.00) in pre-frail for FM, respectively. That is, while
BIA may be more accurate in non-frail than pre-frail
when estimating FM, BIA may evaluate FFM both
non-frail and pre-frail in equal measure. BIA meas-
urements for FM should be interpreted with caution
in pre-frail older adults.

Regarding FM, previous studies on the validity of BIA
in elderly people have demonstrated conflicting results.
Vilaga et al. [26] showed that a single-frequency BIA (8
electrodes) may not support assessment of FFM and
FM in undernourished older people using DXA as
a reference method. They reported that a single-
frequency BIA method tended to overestimate FFM
and underestimate FM in 21 undernourished people
aged 66-91. Although Vélgyi et al., [27] showed the
validity of BIA compared with DXA in Finnish peo-
ple aged 37-81, they also found that BIA (a single-fre-
quency, 8 electrode) underestimated body fat. By
contrast, Mally et al. [28] indicated that segmental BIA
(8 electrodes) overestimated FM in the trunk of 40
older European men aged 60-83. Sun et al. {29] also
reported that the BIA (4 electrodes) tended to over-
estimate %FM in lean subjects and underestimate
%FM in obese or overweight subjects aged 19-60. In
addition, Kim et al. [30] revealed that the eight-elec-
trode BIA led to an overestimation of body fat in lean
men and an underestimation of body fat in obese
women in Korean adults aged 20-88.

Our results which showed overestimation of FM
are in accordance with those obtained by Sun et al.
[29] and Kim et al. [30] when they assessed FM of
lean subjects. In our study population, the preva-
lence of underweight (BMI value below 18.5 kg/m?
[31D in pre-frail (11.5%) was higher than non-frail
(2.9%). Since we have determined if older adults are
frail by the Fried’s definition which includes weight
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loss criteria (1], pre-frail older adults may be relatively
lean. In addition, concerning the bias, frailty status
(2.0%, adjusted R2 = 0.020) was associated with the
bias for FM as a result of multiple linear regression
analysis. This condition might lead to the overestima-
tion of FM in pre-frail older adults, as well as previous
studies. Furthermore, we explored possible reason
for the overestimation of FM by BIA in pre-frail. In
general, older people are more susceptible to dehy-
dration than younger people [32]. Dehydration is a
common condition in the elderly [33]. Dehydration
tends to cause FM to be overestimated. Yamamoto
and Moshiki [34] showed that %total body water
(TBW) was approximately 50 % in Japanese elderly
aged over 00 years. The percentage of %WITBW less
than 50% in our subjects was 306% for non-frail, and
46% for pre-frail. It might be suggested that high
prevalence of low %TBW compared with non-frail
was related to overestimation of FM in pre-frail.
Other potential reason for overestimation of FM may
be the accuracy of measurement by DXA. We used
DXA as a reference method as many researchers did.
(e.g. [15,25]). However, Snead et al. [35] reported that
DXA estimated 96% of exogenous fat of legs, but
only 55% of trunk. Therefore, DXA underestimated
truncal FM. That is, the observed overestimation of
FM by BIA in pre-frail might also partly result from
an underestimation of FM by DXA.

To our knowledge, this is the first study assessing
the ability of BIA to detect body composition in the
pre-frail population using DXA as a reference method.
Frailty in older adults has become an important topic
since frail elderly are highly vulnerable, which can
lead to adverse health outcomes [1]. In addition,
although the elderly subjects of our study tended to be
normal weight rather than under/overweight (under-
weight: 6.6%, normal weight: 56.7%, overweight:
36.7%, respectively in our subjects) [31], frail people
are at high risk of sarcopenic-obesity, which may lead
to greater functional impairment. Therefore, it is
important to investigate the validity of BIA for deter-
mining body composition in frail older adults.

Our study had several limitations. First, our results
may not be representative of the population because
our subjects had to be mobile enough to attend the
study center, which may indicate selection bias and
limit the generalizability of the results. We also had a
limited sample size, although participants were cho-
sen via particular inclusion criteria. Second, we used
DXA as the reference method for body composition
analysis; however, the DXA method may lead to
some errors [36,37]. These limitations could be over-
come with a multi-compartmental model of human
composition {38].

In conclusion, the results of this study suggest that
BIA can accurately estimate body composition, not
only in healthy adults but also in non-frail and pre-frail
older adults, although BIA measurements for FM may
be interpreted with caution in pre-frail older adults.
The BIA could be a convenient and practical approach
for assessing body composition in clinical settings.
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Overall physical performance can be represented by a composite score that is derived from upper and
lower extremity performance measures. We aimed to identify whether composite scores of performance
measures, particularly the lower extremity performance (LEP) score, upper extremity performance (UEP)
score, and an overall score, are more accurate than usual gait speed (UGS) for assessing a wide range of
functional status. We conducted a cross-sectional analysis on data from 701 community-dwelling older
women (mean age 74.3 years). Trained testers measured UGS and the seven tests included in the
composite scores. Using self-reported questionnaires, we assessed multiphasic functional status:
physical function, higher-level functional capacity, mobility limitation, activities of daily living (ADLs),
Functionall status and falls. We compared the areas under the receiver operating characteristic curves (AUCs) of UGS with
Composite score LEP, UEP, and overall scores for each status. We found no significant differences between the AUCs of UGS
AUC and LEP score for each status. The UEP score had significantly smaller AUCs for low physical function
Older adults (0.73) and mobility limitation (0.78) than UGS alone (0.81 and 0.85, respectively), and the differences
were substantial. Although the overall score had significantly greater AUCs for low higher-level
functional capacity (0.83) and ADLs disability (0.83) than UGS alone (0.78 and 0.80, respectively), the
differences were only 3-5%. The UGS should not be regarded solely as a measure of lower extremity
function; this single test may represent overall physical performance. The UGS alone, which can be
measured quickly and easily, suffice for assessing a wide range of functional status in older women.
© 2011 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Performance-based measures of physical function not only
represent a decline of functional status (e.g., functional limitation
and disability), but also predict other adverse-health outcomes
(e.g., hospitalization, institutionalization, and mortality) (Guralnik
et al.,, 1994, 1995, 2000; Gill et al., 1995; Rantanen et al., 2003;
Sayer et al., 2006; Cesari et al., 2009). Notably, LEP measures, such
as UGS, are effective at predicting adverse-health outcomes (Cesari
et al,, 2005). A systematic review and meta-analysis by Cooper
et al. (2010) explored associations between physical performance
measures and all-cause mortality in community-dwelling older
adults. The summary hazard ratio for mortality, when comparing
the best 25% with the worst 25% of UGS scores was 2.87 (five
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studies, 14,692 participants). The hazard ratio for mortality was
the greatest among the major performance measures.

Thus, it has been increasingly clear that an individual
performance measure can contribute significantly to discerning
functional status and adverse-health outcomes. However, a
composite score that encompasses a wider spectrum of functional
ability may capture more manifestations of disability. In fact,
Cooper et al. (2011) have mentioned the necessity of investigating
whether a derived composite score representing overall lower or
upper body functioning, such as the short physical performance
battery (SPPB) score (Guralnik et al., 1994) is a stronger predictor of
health problems than any of the individual measures.

Guralnik et al. (2000) have concluded that UGS alone, which is a
part of the SPPB, performed as well as the full SPPB in predicting
incident disability, although there is a 3-5% difference between
AUCs of the full battery and the UGS alone. Onder et al. (2005)
calculated a summary performance score for lower extremities
(score range, 0-2.71) from UGS, chair stand test, and balance tests
which were included in the SPPB. They demonstrated that UGS was
nearly as good as their lower extremity summary performance
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score in predicting incident disability. These studies revealed that
the predictive abilities of UGS and SPPB for disability were almost
the same.

We can hypothesize that an overall composite score which
includes both upper and lower extremity performance measures
can more accurately discriminate a wide range of functional status
than UGS alone because of the following: (1) the LEP composite
score and the UGS alone had the same predictive ability in the
previous studies described above; (2) Hazuda et al. (2005) have
shown that their UEP battery of testing makes an independent
contribution beyond the SPPB in explaining disability and
dependence.

The purpose of this study was to identify whether composite
scores of performance measures, in particular, LEP score, UEP score,
and overall score, are more sensitive than UGS alone in assessing a
wide range of functional status in community-dwelling older
women, including low physical function, low higher-level func-
tional capacity, mobility limitation, disability, and falls.

2. Methods
2.1. Participants

A total of 763 community-dwelling older Japanese women
(average age of 74.9 years) participated in this study. The
participants were recruited from the towns of Ibaraki, Chiba,
and Fukushima, Japan, between 2006 and 2010, as part of a nursing
care prevention program or day-care service. Almost all the
participants were recruited through local advertisements and
flyers. The eligibility criteria were as follows: (1) community
dwellers aged 65 years or older; and (2) ability to understand the
instructions of performance tests and questionnaires. Participants
who were unable to perform the tests safely and participants with
data missing from their performance tests were excluded. The
remaining 701 participants (average age of 74.3 years) included in
this study ranged in age from 65 to 96 years. All participants
provided written informed consent. We conducted this study in
accordance with the guidelines proposed in the Declaration of
Helsinki, and the study protocol was approved by the Ethics
Committee of the University of Tsukuba, Japan.

2.2. Measurements

2.2.1. UGS

Participants were instructed to stand with their feet behind and
just touching a starting line marked with tape at 0 m 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
performed two trials with results averaged to the nearest 0.01 m/s
(Shinkai et al., 2000). The reliability of UGS was excellent, with an
intraclass correlation coefficient (ICC) of 0.97.

2.2.2. LEP score, UEP score, and overall score

We used a composite score equation for LEP that was previously
developed along with a principal component analysis as a LEP
indicator (Seino et al., 2009). The aim of using the LEP score was to
identify individuals at a high risk of frailty based on Japan'’s long-
term care insurance system (Tsutsui and Muramatsu, 2007). The
tests included in the LEP score are tandem stance (Rossiter-Fornoff
et al., 1995), chair stand test (Guralnik et al., 1994), alternate step
(Menz and Lord, 2001), and timed up-and-go (Podsiadlo and
Richardson, 1991). 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, twelve performance-based measures related to ADLs
(Seino et al., 2009). The LEP score is distributed with a mean of 0
and a standard deviation (SD) of 1.0. The LEP score can be
calculated with the following equation: LEP score =0.031X; —
0.106X; — 0.192X3 — 0.096X4 + 1.672, where X; =tandem stance
(s), X5 = chair stand test (s), X5 = alternate step (s), X4 = timed up-
and-go (s). This equation was made in a weighted manner using
the coefficients of principal component scores obtained from the
principal component analysis. This analysis can provide the first
principal component which accounts for the largest variance
among the extracted components. The first principal component is
a useful statistical tool combining all of the explanatory variables
into a single expression (Nakamura et al., 1988). Since the first
principal component represents a linear combination of tandem
stance, 5 chair sit-to-stands, alternate step, and timed up-and-go,
this component can be used as an overall index of LEP measures.
This method has been described in more detail elsewhere
(Nakamura et al., 1988, 1989, 1990; Shigematsu and Tanaka,
2000; Tanaka et al., 2000; Nakamura and Miyao, 2008).

By using a method similar to our construction of the LEP
score equation, we obtained equations for an UEP score and
overall score. The UEP score comprised hand-grip strength,
manipulating pegs in a pegboard, and functional reach. The
overall score comprised all the tests included in both the LEP
score and UEP score equations. These scores are calculated as
follows: UEP score = 0.091X; + 0.063X, + 0.061X3 — 5.901, where
X1 =hand-grip strength (kg), X, = manipulating pegs in a peg-
board (number of pegs), X3=functional reach (cm); Overall
score = 0.036X; + 0.040X; + 0.026X5 + 0.015X4 — 0.063Xs -
—0.117Xg — 0.059X7 — 1.746, where X; = hand-grip strength (kg),
X, = manipulating pegs in a pegboard (number of pegs), X5 = func-
tional reach (cm), X4 = tandem stance (s), Xs = chair stand test (s),
Xg = alternate step (s), X7 = timed up-and-go (s).

2.2.2.1. 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 participants 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
(Rossiter-Fornoff et al., 1995). Participants performed two trials
with the results averaged to the nearest 0.01 s. The reliability of the
tandem stance was acceptable with an ICC of 0.80.

2.2.2.2. Chair stand test. The chair stand test measures the time to
move from a sitting to a standing position 5 times without using
the arms. Participants were asked to stand up and sit down on a
straight-backed chair 46 cm high 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 (Guralnik et al., 1994).
Participants performed two trials, and the results were averaged to
the nearest 0.01s. The reliability of the chair stand test was
excellent with an ICC of 0.95.

2.2.2.3. Alternate step. Participants were asked to step with
alternate feet onto a raised platform. The time it took to place
each foot alternately onto a 19 cm high step 8 times was measured
(Menz and Lord, 2001). Participants performed 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.

2.2.2.4. Timed up-and-go. Participants were asked to rise from a
46 cm high chair, walk forward 3 m as quickly as possible, turn
180°, walk back to the chair, and sit down (Podsiadlo and
Richardson, 1991). Participants performed two trials with the
results averaged to the nearest 0.01 s. The reliability of the timed
up-and-go was excellent with an ICC of 0.99.
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