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Table 4 Partial correlation coefficients, with Mini-Mental State examination and depression as the control
variable, between parameters related to quadriceps muscle strength and Tokyo Metropolitan Institute of

Gerontology instrumental activities of daily living score

Sex Parameter Partial correlation Statistical
coefficient significance
All participants Male (n = 234) KES 0.009 NS
KET 0.018 NS
WA-KES 0.066 NS
WA-KET 0.071 NS
Female (n = 913) KES 0.091 *
KET 0.091 *
WA-KES 0.085 f
WA-KET 0.090 ¥
Subgroup of Male (n = 229) KES -0.017 NS
TMIG-IADL = 4 KET -0.011 NS
WA-KES 0.014 NS
WA-KET 0.017 NS
Female (n = 879) KES 0.088 *
KET 0.078 t
WA-KES 0.115 ¥
WA-KET 0.108 *

1P < 0.05, P < 0.01. KES, knee extension strength; KET, knee extension torque; WA-KES, weight-adjusted knee extension

strength; WA-KET, weight-adjusted knee extension torque.

included only those with TMIG-IADL scores of 4-5 (R
0.100-0.133; P < 0.005) (Table 3).

Using the MMSE and MINI as the controlling vari-
ables, all the partial correlations between the quadriceps
muscle strength parameters and the TMIG-IADL score
in men were statistically non-significant (Table 4). In
wommen, all the partial correlations were weak (R 0.085-
0.091), but statistically significant (P < 0.05; Table 4).
These partial correlations for women remained signifi-
cant even when analysis included only those with
TMIG-IADL scores of 4-5 (R 0.078-0.115; P < 0.05)
(Table 4).

Analysis of the ratio of IADL disability to
KE strength

Male participants were classified by KE strength
quintiles into the following five categories: very low, KE
strength <229 N; low, KE strength 229-267 N; normal,
267-311 N; high, 311-355N; and very high, KE
strength >355N. The y?-test showed that IADL disabil-
ity was independent of KE strength (Pearson’s %2, 5.199;
df, 4; P = 0.267) in men. The occurrence of IADL dis-
ability showed no trend related to KE strength
(Cochran—-Armitage test, P=0.828) (Fig.1). These
results were also true for the subgroup of men whose
TMIG-IADL scores were between 4 and S.

Female participants were classified by KE strength
quintiles into the following five categories: very low, KE
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strength <159 N; low, KE strength 159-192 N; normal,
KE strength 192-221 N; high, KE strength 221-254 N;
and very high, KE strength >254 N. IADL disability
was dependent of KE strength (Pearson’s i, 23.685; df,
4; P<0.0005). The occurrence of IADL disability
decreased as KE strength increased; the percentage of
participants with IADL disability was 12.9%, 6.5%,
6.3%, 43% and 1.1% for the grades very low, low,
normal, high, and very high, respectively (Fig. 1), and
this inverse trend was statistically significant (Cochran—
Armitage test, P < 0.0005). These results were also true
for the subgroup with TMIG-IADL scores between 4
and 5 (Pearson’s %2, 11.811; df, 4; P = 0.019; Cochran-
Armitage test, P = 0.019).

Discussion

The present study examined the relationship between
KE strength and IADL in older adults living in a local
area of Tokyo. In contrast to the study by Azegami et al.,
the present results suggest that single-joint-task KE
strength is significantly related to IADL in women.® In
women, every KE strength parameter correlated with
IADL. As partial correlations adjusted by cognitive
function and depressive scale were also present, it is
suggested that KE strength affects IADL independently.
In women, KE strength was related to the prevalence
of IADL disability. In men, no correlation between KE
strength and IADL was observed. These results were the

© 2013 Japan Geriatrics Society
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Figure 1 Prevalence of in instrumental activities of daily
living (IADL) disability in relation to knee-extension strength
(KES) in (a) men and (b) women. KES, men: very low,

<229 N; low, 229-267 N; normal, 267-311 N; high,

311-355 N; very high, >355 N. KES, women: very low,

<189 N; low, 15§9-192 N; normal, 192-221 N; high,

221-254 N; very high, >254 N. IADL, instrumental activities
of daily living; KES, knee-extension strength.

same even when the subject population was limited to
those who had relatively high TMIG-IADL scores (24).

Basic ADL has been reported to be affected by the
knee extension strength; participants whose strength
test scores were in the lowest tertile had two- to three-
fold the risk of ADL dependence than those in the
highest tertile.’ Therefore, the present result for men,
suggesting no relationship between KE strength and the
degree of JADL disability, seems counterintuitive.

To determine whether any one question specifically
affected the sex-based differences, we carried out Pear-
son’s x*-tests to assess the relationship between KE
strength and the answer to each specific question (Q1-
QS5). This result showed that, in women, the KE
strength and answers to specific questions were related
for all items except Q3, with a same trend as total JADL.
In men, KE strength and the responses to every specific
question were independent. This result suggests that
the sex-based difference was not due to any particular
item.

© 2013 Japan Geriatrics Society

One possible explanation for the lack of such a rela-
tionship in men is that men had a generally higher KE
strength than women. The muscular strength threshold
required to carry out IADL independently is 2.8 N/kg
(force divided by bodyweight) in the Japanese elderly
population.’ A total of 95% of our male and 92% of
female participants had a KE strength above this thresh-
old. This suggests that based on KE strength, more
men were able to carry out IADL independently than
women. This factor could partly explain the lack of
correlation in men.

Another possible explanation for the lack of a corre-
lation between KE strength and IADL performance in
men is that cognitive function might have contributed
more to IADL performance in men than in women.
IADL were reported to be associated with memory and
executive functioning in patients with mild Alzheimer’s
disease.'” The absence of a relationship between KE
strength and IADL performance in men could be partly
explained if one argued that cognitive function played a
greater role in men, especially because the men were
older than the women. As aforementioned, however,
the MMSE was related to JADL in women only. The
average MMSE score was not different between men
and women. Thus, it seems unlikely that cognitive func-
tion played a greater role in men than in women in
determining IADL performance.

Another possible explanation is that effects of dis-
eases were overshadowing the effect of KE strength.
IADL was associated with a history of stroke, heart
disease and asthma in men, but only with stroke in
women. It is conceivable that JADL in men was more
affected by medical conditions than women. Conceptual
tradition in Japan regarding family roles might result in
the maintenance of [ADL irrespective of diseases.
According to an international social survey, 77.7% of
Japanese married people stated that grocery shopping
was usually done by the woman within a couple, com-
pared with 34-57% in six other developed countries.'
The same trend follows for doing laundry and preparing
meals.’ Our data also show that 37.2% of the women
were living alone compared with 8.1% of the men. High
dependency on the woman for household jobs and the
high percentage of women living alone suggest that
women were carrying out many daily physical activities,
which might have prevented the deterioration of IADL
in response to disease.

Relative dominance by women of household jobs
could also suggest a limitation of using TMIG-IADL to
evaluate the IADL, especially in Japanese men. At least
two questions in TMIG-IADL (Table 2) are closely
related to jobs mainly carried out by women in Japan.
We might need an improved index of IADL that is more
sensitive in healthier men.

The present study showed that in women, KE
strength correlated positively with IADL score, and the
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degree of IADL disability decreased with increasing KE
strength. This correlation was not observed in men. We
might need to study a frail population to identify a
correlation in men. We conclude that elderly women
need to take measures to prevent lower-limb muscles
from declining to maintain IADL.
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Development of an equation for estimating appendicular
skeletal muscle mass in Japanese older adults using
bioelectrical impedance analysis
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Aim: Bioelectrical impedance analysis has been reported to have high reliability and accuracy in assessing body
composition. However, equations for estimating appendicular skeletal muscle mass are population-specific, and few
have been developed for older Japanese adults. Thus, the purpose of the present study was to develop and validate an
estimate equation for appendicular skeletal muscle mass using bioelectrical impedance analysis.

Methods: A total of 250 older adults aged 65 years and older participated in this study. Appendicular skeletal
muscle mass was measured using dual-energy X-ray absorptiometry, and bioelectrical resistance was measured using
a multifrequency bioelectrical impedance analyzer. Multiple regression analysis was applied to derive sex-specific
estimation formulae using bioelectrical impedance analysis, and a Bland-Altman analysis was used to test agreement.

Results: The cross-validation results showed that the slopes and intercepts of the regression lines were approxi-
mately one and zero, respectively, and the coefficients of determination and standard errors of the estimate of the
newly developed equations were similar between the two groups. Thus, the single sex-specific equations were
developed using all participants as follows. Men: appendicular skeletal muscle mass = 0.197 x (impedance index) +
0.179 x (weight) — 0.019 (R* = 0.87, standard error of the estimate = 0.98 kg). Women: appendicular skeletal muscle
mass = 0.221 x (impedance index) + 0.117 x (weight) + 0.881 (R* = 0.89, standard error of the estimate = 0.81 kg).

Conclusion: These new equations offer a valid option for assessing appendicular skeletal muscle mass in older
Japanese adults. Geriatr Gerontol Int 2014; 14: 851-857.

Keywords: aging, bioelectrical impedance, body composition, sarcopenia, skeletal muscle mass.

Introduction

There are several changes in body composition (e.g. a
decrease in bone and muscle mass, and an increase in
the proportion of fat) that take place during the aging
process.'? Lower muscle mass is associated with lower
strength, and could lead to the development of func-
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tional limitations and disability in old age.** Advanced
skeletal muscle loss might also have the potential to
impact quality of life, the need for supportive services
and, ultimately, the need for long-term care in older
adults.® Japan has one of the highest average life expec-
tancies and average active life expectancies in the world.
Consequently, it is possible that sarcopenia is more
prevalent in Japan compared with other countries.
Thus, it is important to assess the change in skeletal
muscle mass, and establish a preventive strategy for
sarcopenia.

Evidence shows that magnetic resonance imaging,
computerized tomography (CT), and dual-energy X-ray
absorptiometry (DXA) provide precise and reliable mea-
surements of skeletal muscle, and can be considered as
benchmark methods for measuring skeletal muscle.”

doi: 10.1111/ggi.12177 | 851
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However, cost, accessibility and radiation exposure limit
the use of these measurement methods.® Conversely,
bioelectrical impedance analysis (BIA) is a non-invasive,
easily applicable, inexpensive and practical method that
is used to assess body composition in population
studies.® Several studies have also developed BIA equa-
tions for estimating whole-body skeletal muscle or fat-
free mass (FFM).%** However, most of these equations
were derived from Western or young populations, and
none have been developed using a representative older
Japanese adult sample.

The BIA is convenient to assess body composition in
epidemiological studies, but only if population-specific
prediction formulas are used.” Generalized application
to other populations is limited.”” The BIA equation
derived from Caucasians was shown to be applicable to
Hispanic and African-Americans, but has not been
validated for estimation of skeletal muscle in Asian
populations.’® Therefore, it has been suggested that BIA
equations should be developed and validated for
population-specific groups.”” The purpose of the
present study was to develop and validate a new BIA
equation for estimating appendicular skeletal muscle
(ASM) in older Japanese adults.

Methods

Participants

Previously, we carried out a population-based cohort
study, the Obu Study of Health Promotion for the
Elderly (OSHPE), from August 2011 to February
2012.% In the present study, participants were recruited
from this existing database (n = 5104). Inclusion criteria
required participants to be aged 65 years or older and
living independently in Obu city, Aichi, Japan. Exclu-
sion criteria were as follows: subjects who participated
in other studies, a certified need for long-term care or
impairment of activities of daily living, a severe visual or
hearing impairment, a medical history (stroke, Parkin-
son’s disease and other serious neurological diagnoses),
clinical depression, wearing a pacemaker, or a Mini-
Mental State Examination score <18. Finally, a total of
250 subjects aged 65 years and older participated in the
present study. All participants were informed about
the study procedures and provided written informed
consent before participation. In addition, the present
study was carried out in accordance with the Helsinki
Declaration, and was approved by the ethics committee

of the National Center for Geriatrics and Gerontology.
/

Anthropometric measurements

With the participants wearing light indoor clothes and
no shoes, bodyweight was measured to the nearest
0.1 kg using calibrated digital electronic scales, and
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height was measured to the nearest 0.1 cm using a wall-
mounted stadiometer. Body mass index (BMI) was cal-
culated as weight (kg) divided by height (m) squared.

Measurement of bioelectrical impedance

A multifrequency bioelectrical impedance analyzer
(MC-980A, Tanita, Tokyo, Japan) was used to measure
bioimpedance. The BIA instrument used six electrical
frequencies (1 kHz, 5 kHz, 50 kHz, 250 kHz, 500 kHz
and 1000 kHz), and we calculated the impedance index,
height® (cm) divided by resistance (€), after measure-
ments were made. The participants stood barefoot on
the analyzer platform, grasping the two handgrips.
Eight-point tactile electrodes made contact with the
palm and thumb of each hand, and with the anterior
and posterior aspects of the sole of each foot. Surface
electrodes were placed on the right side of the body, on
the dorsal surface of the hands and feet proximal to the
metacarpal- and metatarsal-phalangeal joints, respec-
tively, and also medially between the distal prominences
of the radius and ulna, and between the medial and
lateral malleoli at the ankle. Measurements were carried
out by well-trained staff, and completed within 30 s.

Previous studies evaluating the short- and long-term
reliability of resistance measurements obtained from
bioelectrical impedance have shown that the coefficients
of variation (CV) were small, and ranged from 1.8% to
2.9%.% In the present study, the CV for repeated mea-
surements within S days (n = 3) was similar to previous
studies (CV = 1.9-3.0%).

Assessment of body composition

Whole-body DXA (QDR-45004; Hologic, Waltham,
MA, USA) was used to assess skeletal muscle mass. The
system software calculated the total mass, soft tissue
attenuation ratios and the bone mineral mass for the
selected regions. The soft tissue attenuation ratio was
used to divide regional bone mineral-free tissue into fat
and fat-free components.

Measurements were carried out by a trained radiology
technician with dual-energy X-ray beams at 100 and
140 KeV, and the scan followed the manufacturer’s
default methodology, with data analyzed using the
9.03D version of software. Participants were measured
while wearing only a standard light cotton gown to
minimize clothing absorption. The measurement was
completed within 15 min.

Total body scanning area was divided into precise
anatomical segments. The arms were separated from the
trunk by a line passing through the humeral head and
the apex of the axilla. The trunk was separated from
the legs by a line passing from the iliac crest to the
perineum. The head was excluded from the trunk by a
horizontal line passing just below the mandible. The

© 2014 Japan Geriatrics Society



Estimation of appendicular muscle mass

Table 1 Characteristics of the participants

All participants Men Women P-value®

(n =250) (n=141) (n=109)
Age (years) 73.5%5.6 73.7+8.7 73.2+5.5 0.47
Height (cm) 156.0£9.0 161.8£6.1 148.5+ 6.1 <0.01
Weight (kg) 57.0+£10.6 61.2+8.8 51.6£10.3 <0.01
BMI (kg/m?) 23.4+3.4 23.4£3.0 23.4+3.9 0.97
ASM (kg) 17.8 +3.8 20.3+2.7 14.6 £ 2.4 <0.01
Percent of body fat (%) 249 +6.8 21.0+4.6 29.9+5.7 <0.01
Osteoporosis (%) 10.8 5.0 18.3 <0.01
Fractures in old age (%) 13.6 7.1 22.0 <0.01

Values are mean =+ standard deviation or %. “Significant difference between men and women. ASM, appendicular skeletal

muscle mass; BMI, body mass index.

ASM was derived as the sum of fat-free soft tissues in
the arms and legs, assuming that all non-fat and non-
bone tissue was skeletal muscle.

Visser et al. validated the Hologic QDR-4500 instru-
ment in older participants, and found that measured
FFM was positively associated with FFM using a four-
compartment model (R*=0.98, standard error of the
estimate [SEE] = 1.6 kg), and with CT at all four leg
regions (R* = 0.86-0.96).* Two previous studies also
reported that total body skeletal muscle mass could be
accurately predicted from DXA-measured appendicular
lean soft tissue mass.** To our knowledge, the CV
using the QDR-4500 for measuring body composition
has not been previously reported. However, the CV
using the QDR-2000 (an old model Hologic) were 1.0%
for FFM and 2.0% for fat mass.” Repeated daily mea-
surements over 5 days in three participants showed that
the CV of this measurement were 1.1% for FFM and
3.0% for fat mass.

Statistical analysis

We compared characteristics between men and women
using paired t-tests or y*-tests where appropriate. Mul-
tiple regression analysis was used to develop sex-specific
BIA equations. The ASM measured by DXA was used
as the external criterion (dependent variable), and the
impedance index that had the highest Pearson’s corre-
lation coefficient to the ASM was entered into the
BIA model (independent variable). To develop a more
precise fitting model, we examined other predictive
variables using references to previous studies.*'® The
anthropometric variable that had the highest Pearson’s
correlation coefficient to the ASM was also selected as
the independent variable.

The BIA equation for estimating ASM was also devel-
oped using a double cross-validation technique. The
total sample was randomly divided into two equal-sized
groups (group A and B). A BIA equation was developed

© 2014 Japan Geriatrics Society

for each group, and then applied to the other group to
validate each equation. The mean difference between
the DXA-measured and the BlA-estimated ASM was
tested using a paired #-test. If the cross-validation was
satisfactory, groups were combined and a single equa-
tion was developed using all samples. Bland-Altman
analysis was also used to test agreement.?® All analyses
were carried out using commercially available IBM spss
statistics software (Version 19; SPSS, Chicago, IL,
USA), and a significance level of P < 0.05 was accepted.

Results

Development of the new BIA equation for
estimating ASM

Table 1 shows the demographic and anthropometric
characteristics of the participants. There were signifi-
cant sex-differences in height, weight, ASM, percent of
fat, and prevalence of osteoporosis and fractures in old
age (260 years). In the regression model, we selected
independent variables based on the results of correla-
tion analyses. Out of the six electrical frequencies, the
impedance index at 50 kHz and above had a higher
correlation (r=0.94) to DXA-measured ASM com-
pared with other electrical frequencies (= 0.91 at 1 kHz
and S kHz). With regard to the anthropometric variable,
weight had the highest correlation with DXA-measured
ASM (r = 0.88 for men, r = 0.89 for women; Table 2).
As a result, the independent variables included imped-
ance index at 50 kHz and weight. Sex-specific BIA equa-
tions used to estimate ASM in each group were as
follows:

[Men]

Group A (n =70): ASM = 0.200 x (impedance index)
+0.187 x (weight) - 0.8'78(R2 =0.87,SEE=1.01 kg)

Group B (n =71): ASM =0.191 x (impedance index)
+0.174 x (weight) + 0.816(R2 =0.89,SEE=0.91 kg)
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Table 2 Correlation coefficients between appendicular skeletal muscle

mass and other variables

Ht*¥R Height Weight BMI Age
ASM Men 0.83%* 0.53%%* 0.88%* 0.67%* —0.29%#
Women 0.89%* 0.59%* 0.89%* 0.74%* -0.17

*P < 0.05; ¥*P <0.01. ASM, appendicular skeletal muscle mass; BMI, body mass

index; Ht¥/R, impedance index (height*/resistance) at 50 kHz.
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[Women] equations developed in group A were used to estimate

Group A (n = 54): ASM =0.192 x (impedance index)
+0.133 x (weight) +1.087 (R* = 0.88, SEE = 0.84 kg)

Group B (n=55): ASM = 0.256 x (impedance index)
+0.099 x (weight) + 0.558(R* = 0.89, SEE = 0.79 kg)

The BIA equations developed in group B were applied
to the data of group A (Fig. 1a). Similarly, the BIA
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ASM in group B (Fig. 1b). There were no significant
differences between the BIA-estimated ASM and the
DXA-measured ASM in both groups. The R? and SEE
values were also similar between the two groups. Fur-
thermore, regressions of BIA-estimated ASM on DXA-
measured ASM for each group were almost identical
with similar deviations from the line of identity. Thus,
single equations using all participants were developed to

© 2014 Japan Geriatrics Society
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Figure 2 Bland-Altman plot for the
difference in appendicular skeletal
muscle mass (ASM) between
dual-energy X-ray absorptiometry and
bioelectrical impedance analysis, and
the average ASM of the two methods.
Solid line: regression line; dotted line:
average difference in ASM between
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estimate ASM (Fig. 1¢). The BIA equations developed
from all participants were as follows:
[Men]

ASM = 0.197 x (impedance index)+0.179 x (weight)
-0.019. The model fit parameters (R* and SEE)
were 0.87 and 0.98 kg, respectively.

[Women]

ASM =0.221x (impedance index)+0.117 x (weight)
+0.881. The model fit parameters (R* and SEE)
were 0.89 and 0.81 kg, respectively.

The mean differences between BIA-estimated and
DXA-measured ASM were not significantly different.
Systematic differences between the BlA-estimated and
the DXA-measured ASM were determined using a
Bland-Altman plot (Fig. 2). The BIA method tended to
underestimate ASM in participants with high ASM, and
overestimate ASM in participants with low ASM, but
correlation coefficients between the difference in DXA-
measured and BlA-estimated ASM and the average
ASM of the two methods were small (r = 0.19 for men;
7= 0.17 for women).

Discussion

Although several studies have developed BIA equations
for estimating whole-body skeletal muscle or FFM, 58
most of these population-specific and generalized equa-
tions were derived from Western or young populations.
It has been established that the validity of BIA equations
depends on the population to which they are applied,
as well as water distribution, fatness, ethnicity and body
shape differences.” To assess body composition and
diagnose sarcopenia more accurately, a BIA equation for
estimation of ASM in older Japanese adults is required.

We selected variables for the regression model based
on results obtained from correlation coefficients. Cor-
relations were different in each of the six electric fre-
quency bands, and the use of electric frequencies over
50 kHz did not improve performance of the BIA model.
We therefore chose an impedance index at 50 kHz,
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which had the highest correlation (r = 0.94) to DXA-
measured ASM. From the other potential variables,
weight was included as an independent variable.

The new BIA equations explained 87% for men and
89% for women of the variance in DXA-measured
ASM, and the model fit parameters were similar or
superior to previous results estimating skeletal muscle
or FFM by BIA (R* = 0.70-0.97). A greater contribution
of impedance index to DXA-measured ASM was
evident in the BIA model.

Bland-Altman analysis showed a tendency of system-
atic error with the BIA method. This tendency was
observed in a previous study with Asian participants,®
although the errors were small. The present results also
showed that the differences between DXA-measured
and BlA-estimated ASM ranged from +2.47 kg to
-2.63 kg for men, and +2.07 kg to -2.06 kg for women,
which are smaller compared with those in previous
studies.*'” These results suggest that the new equations
can provide valid, reliable and accurate estimates of
ASM in older Japanese adults. These equations might
allow efficient screening to identify sarcopenic patients
from large samples, and clarify the prevalence of
sarcopenia in older people.

There were some limitations of the current study.
First, we could not strictly control the factors that could
potentially affect the accuracy of BIA measurement.
Despite participants with chronic diseases or prescribed
medications being excluded, and most participants
maintaining a relatively consistent pattern of lifestyle
over the past year, it is likely that the time of measure-
ment” and eating or exercise before measurement,??*
must be controlled to minimize potential error.®
Second, we used DXA as the reference method, and
estimated ASM using this measurement, and total ASM
was taken as the sum of arm and leg values. This esti-
mate included a small and relatively constant amount of
skin and connective tissue, together with any intramus-
cular fat infiltration. Therefore, DXA-measured ASM
might overestimate actual muscle mass. Furthermore,
as a result of the cross-sectional designs of these find-
ings, the long-term predictive validity of the equation
has not yet been evaluated. Thus, subsequent studies
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will be required to confirm the validity of the equation in
longitudinally monitored populations.

In summary, we have developed new BIA equations
for estimating ASM, and confirmed the validity of these
equations. The cross-validation of the BIA equations
was successful, and the magnitude of error in estimating
ASM was small. These observations suggest that these
new equations offer a valid option to assess ASM in
older Japanese adults.
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Using two different algorithms to determine the prevalence
of sarcopenia
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Aim: Several operative definitions and screening methods for sarcopenia have been proposed in previous studies;
however, the opinions of researchers still differ. We compared the prevalence of sarcopenia using two different
algorithms: (i) the European working group on sarcopenia in older people (EWGSOP)-suggested algorithm using gait
speed as the first step; and (ii) the muscle mass and strength algorithm.

Methods: A population-based, cross-sectional survey of adults aged over 65 years was carried out. Data on a total
of 4811 participants were available for analysis. Gait speed, grip strength and appendicular skeletal muscle mass were
assessed to determine sarcopenia. Appendicular skeletal muscle mass was estimated from bioimpedance analysis
measurements and expressed as skeletal muscle mass index. Grip strength and skeletal muscle mass index were
considered to be low if they fell below the threshold of the lowest 20% of values measured in a subset of healthy

subjects. We compared the prevalence rates of sarcopenia determined by the two algorithms.

Results: The prevalence rate of sarcopenia in a representative sample of older Japanese adults was 8.2% for men and
6.8% for women based on the EWGSOP algorithm. The two algorithms identified the same participants as
sarcopenic, the only difference being the EWGSOP algorithm classified an additional seven participants (0.15%) into
sarcopenia compared with the muscle mass and strength algorithm.

Conclusion: It is debatable whether inclusion of gait speed is necessary when screening for sarcopenia in
community-dwelling older adults. Future research should examine the necessity of including gait speed in algorithms
and the validity of cut-off values. Geriatr Gerontol Int 2014; 14 (Suppl. 1): 46-51.

Keywords: aging, prevalence, sarcopenia.

Introduction

Several changes in body composition occur with the
aging process (e.g. a decrease in bone and muscle mass,
and an increase in the proportion of fat)."? Lower
muscle mass is associated with decreased strength, and
might lead to the development of functional limitations
and disability in old age.*® Advanced skeletal muscle
loss could also potentially have an impact on quality of
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life, the need for supportive services and ultimately the
need for long-term care in older persons.® Thus, it is
important to develop a valid and feasible method to
screen older adults for sarcopenia, and to establish a
preventive strategy for sarcopenia in older people.
Although operative definitions and screening
methods for sarcopenia have been proposed in previous
studies, the opinions of researchers have been
conflicting.®>”° Recently, a European working group on
sarcopenia in older people (EWGSOP) published their
recommendations for a clinical definition, and consen-
sus diagnostic criteria, for sarcopenia.'’ In that report,
the EWGSOP suggested an algorithm using the pres-
ence of both low muscle mass and low muscle function,
including strength and gait performance, for the diag-
nosis of sarcopenia. Low gait performance is the first
step to identify sarcopenia in the EWSOP algorithm.
Thus, it is possible that older adults with high gait
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performance would not be categorized as sarcopenic,
even if they had evident muscle atrophy.

The term “sarcopenia” was coined by Rosenberg in
1989 to refer to the process of age-related loss of skeletal
muscle mass." Originally, “sarcopenia” derives from the
Greek words sary (meaning flesh) and penia (meaning
loss), and this term is used to refer specifically to the
gradual loss of skeletal muscle mass and strength that
occurs with advancing age.” According to the original
meaning, the definition and diagnosis of sarcopenia
should be based on the reduction of muscle mass and
strength. Furthermore, sarcopenia is a fundamental
component of frailty, and it can be seen as one dimen-
sion of frailty. Frailty is a geriatric syndrome resulting
from age-related cumulative declines across multiple
physiological systems, and is characterized by the fol-
lowing five domains: unintended weight loss, self-
reported exhaustion, weakness (reduced grip strength),
slow gait speed and low levels of physical activity.™ If
sarcopenia patients are screened according to gait
speed, sarcopenia becomes roughly synonymous with
frailty, and it could confuse interpretation of both
sarcopenia and frailty.

The purpose of the present study was to compare the
difference in prevalence of sarcopenia determined using
two different algorithms: (i) the EWGSOP algorithm,
using gait speed as the first step; and (i) the muscle
mass and strength algorithm, and to examine whether
gait speed should be a critical component for screening
sarcopenia.

Methods

Participants

The present study was based on data collected as part
of the Obu Study of Health Promotion for the Elderly
(OSHPE), carried out in Obu, Aichi, Japan, from
August 2011 to February 2012. OSHPE initially sent
postal invitations to 14 313 persons aged 65 years and
older, resident in the city of Obu. Individuals who had
participated in previous studies, were hospitalized
and/or in residential care, or were certified as requiring
more than level 3 care needing support or care by the
Japanese public long-term care insurance system were
excluded from participation in OSHPE. A total of 5104
persons responded and agreed to participate in the
present study (response rate: 35.7%). The overall survey
consisted of face-to-face interviews on health status,
physical and cognitive function tests, and body compo-
sition, among other items. Major chronic illnesses were
assessed by nurses through face-to-face interviews.
Chronic illnesses included in the study were hyperten-
sion, hyperlipidemia, diabetes mellitus, heart disease,
stroke, Parkinson’s disease, dementia, clinical depres-
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sion, cancer, lung disease, osteoporosis and arthritis
(rheumatoid and osteoarthritis).

Of the 5104 OSHPE participants, we excluded those
with missing data on body composition, gait speed or
muscle strength. Data on 4811 participants (94.3% of
all participants, 2343 men and 2468 women) were avail-
able for this analysis. All participants were informed
about the study procedures and provided written
informed consent before participation. In addition, this
study was carried out in accordance with the Helsinki
Declaration, and was approved by the ethics committee
of the National Center for Geriatrics and Gerontology.

Assessment of appendicular muscle mass

A multifrequency bioelectrical impedance analyzer
(MC-980A; Tanita, Tokyo, Japan) was used to measure
bioimpedance. This bioelectrical impedance analysis
(BIA) instrument uses six electrical frequencies (1 kHz,
5 kHz, 50 kHz, 250 kHz, 500 kHz and 1000 kHz), and
we calculated the impedance index, height?® (cm) divided
by resistance (). The participants stood barefoot on
the analyzer platform, grasping the two handgrips.
Eight-point tactile electrodes made contact with the
palm and thumb of each hand, and with the anterior
and posterior aspects of the sole of each foot. Surface
electrodes were placed on the right side of the body,
on the dorsal surface of the hands and feet proximal
to the metacarpal- and metatarsal-phalangeal joints,
respectively, medially between the distal prominences of
the radius and ulna, and between the medial and lateral
malleoli at the ankle. Measurements were carried out by
trained staff, and completed within 30 s.

We estimated appendicular skeletal muscle mass
(ASM) using the following equations that were devel-
oped for Japanese older adults:'*

Men: ASM = 0.197 x (impedance index)
+0.179 x (weight) - 0.019

Women: ASM = 0.221 x (impedance index)
+0.117 x (weight) + 0.881

Skeletal muscle mass index (SMI) was calculated as
ASM / height.?

Measurement of muscle strength

Maximal voluntary isometric strength of handgrip
was measured using a hand dynamometer Grip-D
(Takei, Niigata, Japan). The measurement was taken
with the dominant hand in a standing position. The
muscle strength test was carried out once only.
Handgrip strength has been widely used to measure
muscle strength and correlates well with most relevant
outcomes.'
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Measurement of gait speed

Participants were asked to walk 6.4 m (divided into two
2.0-m zones at each end, and a 2.4-m middle-zone) at
their usual pace. We measured the required time (in
seconds) to pass the 2.4-m middle zone to calculate gait
speed (m/s). Use of a cane or walker was permitted if
participants could not practice the gait test. The gait test
was carried out five times, and the average value was
used.

Gait speed is a valid and widely used measure of
mobility limitation for both healthy and impaired older
persons,'® with high predictive validity for subsequent
disability, hospitalization and mortality.'”

Algorithm and cut~off values to
determine sarcopenia

We used the EWGSOP-algorithm as one method to
determine the individuals with sarcopenia. We also used
the muscle mass and strength algorithm. The EWGSOP
recommends use of normative (healthy young adult)
rather than other predictive reference populations, with
cut-off points (for muscle mass and strength) at two
standard deviations below the mean reference value.'
However, no reference data from a normative Japanese
population were available with which to determine cut-
off values for grip strength and SMIL In the absence
of normative reference populations, previous studies
have used healthy older adults as their reference groups
(applying cut-off points derived from the lowest sex-
specific quartiles® or quintiles®'®). To overcome this
limitation, we selected a healthy subset of people from
our study, and used their sex-specific quintile points
(lowest 20%) as cut-off values. This healthy subset
was defined as follows: no impairment of activities of
daily living, no medical history (stroke, Parkinson’s
disease, Alzheimer’s disease or other serious neurolo-
gical diagnoses, depression), gait speed 21.0 m/s and
Mini-Mental State Examination (MMSE) score >21.
Participants were classified as “low level” when their
grip strength or SMI values fell below the cut-off points.
In the EWGSOP-algorithm, a gait speed at 0.8 m/s is
used as the cut-off value.’

Statistical analysis

Differences in age, body mass index (BMI), SMI, gait
speed, grip strength, and MMSE score were compared
between those with and without sarcopenia using -tests
by sex. The prevalence of major chronic illnesses was
also compared between those with and without
sarcopenia using x>tests. All analysis was carried out
using commercially available software, IBM SPsS statis-
tics (version 19; SPSS, Chicago, IL, USA), and the level
of significance was as set at P < 0.0S.
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Results

Determination of the cut-off values for sarcopenia

Atotal of 3810 (74.6% of all participants, 1848 men and
1962 women, mean age 71.2 + 4.9 years) were included
in the healthy subset of people used to determine cut-
off values. Cut-off values of grip strength were set at
28.8 kg and 18.2 kg for men and women, respectively.
Similarly, cut-off values of SMI were set at 7.09 kg/m? in
men and 5.91 kg/m?* in women.

Prevalence and characteristics of sarcopenia

Data on a total of 4811 participants (94.3% of all par-
ticipants, 2343 men and 2468 women) were available for
analysis. The mean age was 72.2+5.5 years in men
and 72.1+5.7 in women. The mean SMI was 7.71 £
0.79 kg/m? in men and 6.51 = 0.70 kg/m? in women.
According to the EWGSOP-algorithm, 7.5% (n=
360) of all participants were classified as having
sarcopenia. The prevalence of sarcopenia was 8.2% for
men and 6.8% for women, but this difference was not
significant (P = 0.09). The prevalence of sarcopenia
increased with age in both men and women, with people
aged 80 years and older having the highest prevalence
rates (25.0% in men and 12.2% in women, Fig. 1).
The characteristics of normal and sarcopenic partici-
pants are summarized in Table 1. Compared with the
normal participants, both male and female sarcopenic
participants were significantly older (P < 0.01) and had
lower BMI (P < 0.01). In addition, there were significant
differences in the proportions of participants with
hypertension (P < 0.01) and osteoporosis (P < 0.01).
We also calculated the prevalence of sarcopenia using
the muscle mass and strength algorithm, and compared
the prevalence of sarcopenia determined using the two
methods (Fig. 2). The present results showed that the
two algorithms produced similar overall estimates
of sarcopenia prevalence (7.5% uvs 7.3% using the

30 -

20

& Men

10 = Women

Prevalence of sacopenia (%)

All 65-69 70-74 75-79 >80 years
patients  years years years

Figure 1 The prevalence of sarcopenia by age category
and sex.
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Table T Comparison of characteristics of those with and without sarcopenia by sex according to the European

working group on sarcopenia in older people algorithm

Variables Men Women
Normal Sarcopenia P-value Normal Sarcopenia P-value
(n=2,152) (n=191) (n=27299) (n=169)
Age years 71.8£5.2 76.0%£7.2 <0.01 71.9+£5.5 74.5+7.0 <0.01
BMI kg/m? 24.0+2.7 19.9+1.6 <0.01 23.5+£3.2 19.0+1.8 <0.01
SMI kg/m* 7.8+0.7 6.6+0.4 <0.01 6.6+£0.7 5.5+03 <0.01
Diagnosis Yo
Hypertension 49.1 34.6 <0.01 45.1 34.3 <0.01
Diabetes mellitus 15.8 17.8 0.46 11.0 4.7 0.01
Stroke 7.1 8.4 0.50 3.8 4.1 0.82
Heart disease 19.2 16.2 0.32 13.9 14.8 0.75
Respiratory disease 12.8 20.9 <0.01 9.1 12.4 0.16
Cancer 11.4 16.2 0.05 8.5 5.3 0.15
Osteoporosis 1.1 6.3 <0.01 19.2 31.4 <0.01
Gait speed m/s 1.3+£02 1.1£0.2 <0.01 1.3+£0.2 1.2+0.3 <0.01
Grip strength kg 33.7+5.8 24.5+3.2 <0.01 21.3+4.0 15.8+2.5 <0.01
MMSE score 259+27 24.8+3.2 <0.01 26.5+2.8 26.1+3.4 0.13

Values are mean £ SD or %. ASM, appendicular skeletal muscle mass; BMI, body mass index; MMSE, Mini-Mental State

Examination; SMI, skeletal muscle index.

(a)

Older aduits

Measurce gait speed

(b)

Older adults
Measurc grip strength

(n=4811) (n=4811)

Figure 2 The prevalence of sarcopenia
in the community setting determined
using two different algorithms. (a) The
European working group on sarcopenia
in older people-suggested algorithm of
sarcopenia. (b) The algorithm based on
muscle strength and muscle mass to
determine sarcopenia.

Measure grip strength

(1=3,553) (1=1,084)

EWGSOP and muscle mass and strength algorithms,
respectively). The same participants were identified by
both algorithms, with the exception of seven people
(0.15%) who were classified as having sarcopenia
using the EWGSOP-algorithm, but who did not have
sarcopenia according to the muscle mass and strength
algorithm. Conversely, all of the participants (n = 353)
classified with sarcopenia by the muscle mass and
strength algorithm were also defined as having
sarcopenia using the EWGSOP-algorithm.

Discussion
The EWGSOP recommends that cut-off values for

handgrip strength were 30.0 kg in men and 20.0 kg
in women.” In a sample of Japanese older adults,
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Measure muscle mass

(#=898)

(n=360)

Normal } (#=3,610) (n#=1,201)

Measure muscle mass

(n=848)

(n=353)

Tanimoto et al. reported the cut-off values for low grip
strength were 30.3 kg in men and 19.3 kg in women.*
However, the EWGSOP recommendations were based
on results that included non-Japanese participants.
Tanimoto et al. recruited regular attendees of welfare
centers for the aged or community centers to their
study.®® As a result, the generalizability of their results
might be limited, and it may not be appropriate to apply
their cut-off values in the present study. The present
study, using a similar methodology as several previous
studies, applied the lowest quintile of grip strength
in a healthy subset of subjects (aged 265 years) as the
cut-off point. The cut-off values for grip strength deter-
mined using this method were slightly lower than
those published in previous studies. The validity of the
cut-off points used in the present study remains to be
determined.
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We also used sex-specific quintile points (lowest
20%) as the cut-off values for SMI, and these values
were similar to previously reported cut-off points of >2
standard deviations less than the mean value for young
Japanese adults (7.0 kg/m® in men and 5.8 kg/m® in
women).” These results suggest that the lowest 20% of
SMI in Japanese older adults could be a useful substi-
tute for the value two standard deviations below the
sex-specific mean SMI of young adults.

Using the EWGSOP-algorithm, 7.5% of all partici-
pants were classified as having sarcopenia. The preva-
lence of sarcopenia in older adults has been widely
investigated in European and American countries, and
most of these values ranged from 10% to 30%.%5%'%
Reports published on the prevalence of sarcopenia in
older adults in Asian countries have tended to show
a lower prevalence of sarcopenia in Japan (11.3% and
10.7% in men and women, respectively),®® Korea
(12.1% and 11.9% in men and women, respectively),”
Hong Kong (12.3% and 7.6% in Chinese men and
women, respectively)® and Taiwan (23.6% and 18.6%
in men and women, respectively).” The present study
found a similarly low prevalence of sarcopenia. Differ-
ences in the prevalence rate of sarcopenia between
studies might be as a result of real differences between
races and regions. However, because of differences in
the operative definitions and screening methods used
to detect sarcopenia, we could not directly compare our
results with other studies. In addition, the cut-off values
for grip strength that we used were slightly lower than
those of previous studies. This might lead to an under-
estimation of the prevalence rate of sarcopenia in our
sample. Additional studies are required not only to
confirm the validity of cut-off points, but also to deter-
mine the standardized definition of sarcopenia.

We tested two screening methods for determining
sarcopenia in the present study: (i) the EWGSOP-
suggested algorithm using gait speed as the first step;
and (i) the muscle mass and strength algorithm. The
resulting prevalence rates of sarcopenia corresponded
closely. Although the EWGSOP-algorithm uses a mea-
surement of gait speed as the first step with a cut-off
point of 0.8 m/s, there were few people whose gait speed
was below 0.8 m/s in our sample of community-
dwelling older adults. In addition, most participants cat-
egorized as slow (gait speed <0.8 m/s) also had muscle
weakness. In fact, Buchner et al. reported that the rela-
tionship between muscle strength and gait speed was
non-linear, and small changes in muscle strength could
have substantial effects on gait speed in frail adults,
whereas large changes in muscle strength have little or
no effect in healthy adults.* The EWGSOP report does
not specifically recommend a method for measuring gait
speed, and variations in methodology exist (e.g. walking
courses may or may not include acceleration and decel-
eration phases). Differences in the methodology used to
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measure gait speed could be one reason why a cut-off
point of 0.8 m/s was too low for the present study. In
any case, we consider that a cut-off value of 0.8 m/s will
be too slow if the acceleration and deceleration phases
are excluded from the measurement of gait speed. It is
debatable whether gait speed is necessary for screening
sarcopenic participants in community-dwelling older
adults. Future research should examine the necessity of
including gait speed in algorithms and the validity of
cut-off values.

The present study had several limitations that should
be recognized. First, the response rate to postal invita-
tion was 35.7%, and as a result, it is possible that our
study suffered from selection bias. Second, we estimated
the appendicular skeletal muscle mass by BIA methods.
Although BIA is reported to be a highly reliable and
accurate method of assessing muscle mass, the accuracy
of BIA measurement can be affected by factors such
as hydration status, food intake and exercise.” Older
adults in particular can often have disturbances in
water balance and/or extracellular water retention (e.g.
edema). Yamada et al. suggested that extracellular water
might mask actual muscle atrophy.® More precise
methods (dual-energy X-ray absorptiometry or mag-
netic resonance image) should be used in future to
assess muscle mass. Third, we used pragmatic cut-off
points for determining sarcopenia. It is currently
unclear whether the sex-specific lowest 20% was the
best value for screening sarcopenic participants. Addi-
tional longitudinal studies will be required to confirm
the predictive validity of the cut-off values in the future.

The present study showed that the prevalence of
sarcopenia in a representative sample of older Japanese
adults was 8.2% for men and 6.8 % for women based on
the EWGSOP-algorithm. When compared with the
muscle mass and strength algorithm, the EWSOP-
algorithm classified seven additional people (0.15%)
into sarcopenia. Future research should examine the
necessity of including gait speed in algorithms and the
validity of cut-off values.
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Abstract.

[Purpose] Older adults experience exhaustion-induced health problems, such as poor physical function

and low physical activity levels. The associations between self-reported exhaustion and physical function and activ-
ity are not clear in older adults with mild cognitive impairment (MCI). The aim of this study was to investigate the
relationships between self-reported exhaustion and physical function and activity in older adults with mild cogni-
tive impairment. [Subjects] A total of 356 older adults with mild cognitive impairment (mean age = 71.6 + 0.3 years,
50.8% women) were included in this study. [Methods] Self-reported exhaustion was identified by one item from
the Study of Osteoporotic Fractures index. Gait speed, gait endurance, and life space were also assessed. [Results]
Sixty-two participants reported having exhaustion, giving a 17.4% prevalence of self-reported exhaustion among
these individuals. Logistic regression analysis showed that the Life-Space Assessment score was the only parameter
significantly independently associated with exhaustion status (adjusted odds ratio 0.97, 95% confidence interval
0.95-0.99). [Conclusion] These results suggest that self-reported exhaustion is associated with life space. Future

research is needed to identify ways for older people with MCI to improve their exhaustion status.
Key words: Mild cognitive impairment, Self-reported exhaustion, Life space

(This article was submitted May 20, 2014, and was accepted Jun. 23, 2014)

INTRODUCTION

Mild cognitive impairment (MCI) is considered to be the
transitional phase between normal aging and dementia and
isrecognized as the prodromal stage of Alzheimer’s disease
(AD), which is the most common form of dementia®. Evi-
dence from neuropsychological and neuroimaging studies
have suggested that mild cognitive impairment (MCI) rep-
resents a clinical prodromal status for degenerative demen-
tias such as AD?. For example, a population-based study
in Sweden reported that the relative risks of progression to
dementia in a 3 year follow-up in subjects with mild, mod-
erate, and severe cognitive impairment without dementia
were 3.6, 5.4, and 7.0, respectively®. Older people with MCI
show not only cognitive decline but also frailty, which is
one of the most crucial health issues among older adults®.

The concept of frailty comprises five general factors:

*Corresponding author. Kota Tsutsumimoto (E-mail:
k-tsutsu@ncgg.go.jp)
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shrinking, weakness, exhaustion, slowness, and a low ac-
tivity level>©. Older adults with cognitive impairment, in-
cluding MCI, are at higher risk of becoming frail than older
adults who are cognitive healthy. In addition, older non-frail
individuals with lower cognitive scores are significantly
more likely to acquire one or more components of frailty
over 10 years compared with those with higher cognitive
scores”). In turn, older adults with cognitive decline, such as
MCI, are more vulnerable, so it is not enough to approach
them from the standpoint of cognitive function only.
Among the five factors of the frailty concept, exhaustion
in particular contributes to a more rapid onset of frailty and
affects 80% of frail older adults®. Based on self-reported
symptoms, exhaustion was defined as a condition character-
ized by unusual fatigue or a general loss of energy. Exhaus-
tion in the older population results from lower physiological
capacity, as reflected in less total energy expenditure and a
low physiological reserve compared with younger people”).
These effects lead to an inactive lifestyle that is accompa-
nied by behavioral changes to save energy, thus preventing
exhaustion from daily activities®, and a subsequent decline
in physical or cognitive function. In fact, self-reported ex-
haustion negatively affects functions among older people:
gait speed'?, gait endurance!), physical activity'?, and
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cognitive function'?. So, self-reported exhaustion in older
people is one of the health problems to prevent.

In older adults with MCI, maintaining physical perfor-
mance through a physically active lifestyle may play an
important role in delaying or preventing dementia'?. It re-
mains unclear whether or not older people with MCI have
the association with self-reported exhaustion, although self-
reported exhaustion was found to be negatively associated
with physical function and physical activity among healthy
older adults. Thus, it is important to clarify the relation-
ship between exhaustion and physical function, including
physical activity, in older adults with MCI. The first aim of
this study was to investigate the prevalence of exhaustion
among older adults with MCI and to compare it with the
prevalence of exhaustion in the elderly population, which is
estimated to be about 20%'%). The second aim of this study
was to investigate the prevalence of self-reported exhaus-
tion among older adults with MCI and whether exhaustion
is related to physical ability and physical activity levels.

SUBJECTS AND METHODS

The study population and data in this study were obtained
at baseline in a larger cohort study, the Obu Study of Health
Promotion for the Elderly (OSHPE)'®). The classification of
an individual as having MCI was based on the consensus
previously published by Petersen”. These criteria included
(1) a subjective memory complaint, (2) objective cognitive
decline, (3) intact general cognitive function (mini-mental
state examination (MMSE) score > 23)!7), (4) ability to per-
form activities of daily living (ADL) independently, and (5)
absence of clinical criteria indicating dementia. Objective
cognitive decline was defined as being indicated by a score
of more than 1.5 standard deviations from the score for
healthy in the OSHPE database after adjustment for age'®).
We assessed objective cognitive function using the National
Center for Geriatrics and Gerontology Functional Assess-
ment Tool. This software is used on a tablet PC and contains
a battery of cognitive tests; the details of these tests have
been described in detail elsewhere'®. The tests comprise
eight tasks to assess memory, attention, executive memory,
processing speed, and visuospatial skills. Six hundred for-
ty-nine older adults with MCI were selected from the larger
cohort study as the potential study population for this study.
After applying the exclusion criteria, 356 people with MCI
were deemed suitable to participate in the current study.
The exclusion criteria were: (1) history of cerebrovascular
disease, Parkinson’s disease, depression, or connective tis-
sue disease; (2) presence of a heart pacemaker; (3) severe
auditory or visual deficit; (4) depression symptoms (Geriat-
ric Depression Scale-15 score > 5)!%; or (5) prior commit-
ment to other studies. Informed consent was obtained from
all participants before inclusion in the study, and the Ethics
Committee of the National Center for Gerontology and Ge-
riatrics approved the study protocol.

Demographic data were collected including age, sex,
number of medications, and body mass index (BMI). Self-
reported exhaustion was identified using a questionnaire
“Do you feel full of energy?” from the Study of Osteopo-

rotic Fractures (SOF) index®). Participants who responded
“No” to the question were placed in the exhausted group
(EG), and those who answered “Yes™ were placed in the
nonexhausted group (non-EG). The SOF index has been
found to be as reliable and valid as the Cardiovascular
Health Study (CHS) index which is used most in the world,
and this is reliability. In fact, Ensrud et al. showed that in
the SOF index predicted disability, fracture, and death as
well as the more complex CHS index even though the SOF
index is a simple index™ 29,

To measure gait speed, participants were asked to walk
on a straight walkway (flat floor, 11 m long) at a comfortable
and consistent gait speed. Gait speed was measured over a
5 m distance from the midpoint of the walkway. The capaci-
ty for gait endurance was assessed using the 6 min walk test
(6MWT), which was performed as described previously?V.
Participants were instructed to walk as far as possible in
6 min along a 10 m course. The distance (in meters) walked
during the 6 min was recorded as the gait endurance. Li-
censed and well-trained physical therapists assessed these
physical performance tests.

The life space of older adults was assessed using a Japa-
nese translation of Life-Space Assessment (LSA)?> 23,
Scores on the LSA range from 0 to 120, with higher scores
reflecting a larger life space. The frequency of movement
(how many days per week) for the five different life space
levels was reported by the participants for four weeks be-
fore the assessment. These levels are (1) rooms of the home
besides where one sleeps; (2) an area directly outside the
home (e.g., porch); (3) places in one’s neighborhood, other
than one’s yard or apartment building; (4) places outside
one’s neighborhood but within one’s town; and (5) places
outside one’s town. Participants were also asked whether
they had assistance from another person or devices to reach
each level of life space. The overall life space score was
computed by summing the products of the each life space
level (1-5) multiplied by: (a) degree of independence (2 =
independent, 1.5 = used equipment, 1 = had personal as-
sistance) and by (b) frequency of attainment (1 = less than
once per week, 2 = 1-3 times per week, 3 = 4-6 times per
week, 4 = daily).

Differences between groups were examined using the
Wilcoxon signed-rank test for nonparametric data or Stu-
dent’s t test for parametric data. Only sex (dichotomous
outcome) was analyzed using a y? test. Then, multivariate
logistic regression analysis was used to investigate whether
the potential determinants were associated independently
with self-reported exhaustion, and odds ratios (OR) and
95% confidence intervals (95% CI) were calculated. In
the adjusted model, we examined the association of each
variable (gait speed, gait endurance, and life space) with
self-reported exhaustion status while accounting for all co-
variates (sex, age, BMI, number of medications, and MMSE
score). In the fully adjusted model, we then identified which
variables were independently related to self-reported ex-
haustion status when adjusted for gait speed, SMWT result,
LSA score, and all covariates. All analyses were performed
using the IBM SPSS (Version 20; IBM Corp., Chicago, IL,
USA). Significance was accepted at p < 0.05.



Table 1. Characteristics of participants in EG and non-EG

1981

All participants non-EG EG

(n=356) (n=294) n=62) p value
Sex (number of female) [n (%)} 181 (50.8) 145 (49.3) 36 (58.1) 0.262
Age (years) [mean + SE] 71.6+0.3 71.5+£0.3 719+£07 0.61
BMI (kg/m?2) [mean + SE] 234402 234+0.2 234+02 0.80
Medications (number of medication) [mean + SE] 2.13+0.11 2.05+0.11 2.50+0.29 0.11
MMSE (score) [mean + SE] 267+0.1 26.7+0.1 271+£02 0.10
LSA (score) 90.4+0.8 91.8+09 839+22 <0.01
6MWT (m) 449.5+4.1 4532+4.6 432.1+£91 <0.05
Normal gait speed (m/sec) 1.36 £ 0.01 1.37+£0.01 1.33+0.03 0.16

EG, Exhaustion group; SE, standard error; BMI, body mass index; MMSE, Mini-Mental State Examination; LSA,
Life Space Assessment, 6MWT, 6 minutes walking test. a was y? test and the other variables were student t test.

Significance set at p < 0.05.

Table 2. Univariate and multiple logistic regression analyses showing the cross-sectional associations between
exhaustion (dependent variable) and life-space assessment (independent variable) adjusted for the

participants’ characteristics

Adjusted model Fully adjusted model ®
OR 95% CI p-value OR 95% CI p-value
LSA (score) 0.97 0.95-0.99 <0.01 0.97 0.95-0.99 <0.01
6MWT (m) 0.99 0.99-0.99 0.04 0.99 0.99-1.00 0.31
Normal gait speed (m/sec) 0.33 0.08-1.45 0.14 0.74 0.12-4.68 0.75

Allanalyses were adjusted forage, gender, BMI, number ofmedications, and Mini-Mental State Examinationscore.
OR: odds ratio, CI: confidence interval, LSA: Life-Space Assessment, 6MWT: 6 min walking test.
a:Eachvariablewasincludedasanindependentvariable.: Allvariableswereincludingusingaforced-entrymethod.

Significance set at p < 0.05

RESULTS

The characteristics of the participants in the non-EG
and EG are summarized in Table 1. Sixty-two participants
were classified into the EG, giving a 17.4% prevalence of
self-reported exhaustion. The participants’ characteristics,
including the MMSE score, did not differ significantly be-
tween the groups. The LSA scores and the 6SMWT results
(but not normal gait speed) were significantly lower (p <
0.01, p < 0.05, respectively) in the EG compared with the
non-EG (Table 1).

The results of the logistic regression analyses are shown
in Table 2. In the adjusted model, the LSA score (OR = 0.97,
95% CT; 0.95—0.99) and 6MWT results (OR = 0.99, 95% CT;
0.99-0.99) were independently associated with exhaustion
status. However, in the fully adjusted model (model 3), only
the LSA score was independently associated with exhaus-
tion status (OR = 0.97, 95% CI; 0.95-0.99).

DISCUSSION

The results of this study showed that the prevalence
of self-reported exhaustion was 17.4%. A previous study
reported that the prevalence of self-reported exhaustion
was 14.3% among older males and 20.4% among older fe-
males'. The prevalence among older adults with MCI in
our study was similar to that of healthy older adults. People
with MCI who self-reported exhaustion exhibited lower gait

endurance performance and a lower LSA score compared
with those without exhaustion. In the logistic analyses ad-
justed for covariates, the LSA score was significantly nega-
tively associated with self-reported exhaustion, although
there was no significant relationship between exhaustion
and gait speed or gait endurance.

LSA comprises both the frequency and range of outdoor
activities. With respect in the frequency of going outdoors,
frequency going outdoors was positively associated with
health status in older adults including psychological health,
such as self-reported exhaustion, compared with older
people who were housebound. Going outdoors frequently
is positively associated with psychological health but not
with physical function or ability to perform ADL?* 2%, On
the other hand, infrequently going outdoors is negatively
associated with health problems among older people?® 27,
Going outdoors less than once a week is linked to poorer
psychological status, physical function, and ADL ability
compared with going outdoors 2-3 times per week?*. In the
present study, the LSA score was lower in the EG compared
with the non-EG. Our current findings complement those of
previous studies because we found an association between
exhaustion status and LSA score even after adjusting for
physical function and other covariates.

In the fully adjusted multivariate regression analysis,
self-reported exhaustion was independently associated with
decreased life space but not with gait speed or gait endur-
ance. Considering the effect of exhaustion on the capacity
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of energy in the physical activity cycle, older adults cease to
perform activities that are not necessary for daily life to pre-
vent exhaustion?. In the present study, expanding the life
space may not be as important as maintaining gait function
for ADL; thus, older adults with self-reported exhaustion
would have incorporated a smaller life space. On the other
hand, maintaining gait speed or gait endurance may be con-
sidered to be more necessary for daily living for older adults
than expanding life space and thus were maintained despite
self-reported exhaustion.

In the present study, self-reported exhaustion was not as-
sociated with physical function including normal gait speed
or the results of the 6WMT. The discrepancy between our
results and those of other studies may reflect differences
in methodology, although previous studies showed an as-
sociation between self-reported exhaustion and physical
function. Other studies have assessed gait speed using max-
imum speed'? and gait endurance using the 400 m walking
test'!), whereas our study included a comfortable speed test
and the 6MWT, respectively. Another explanation for the
discrepancies may relate to the differences in the popula-
tions’ characteristics. For example, previous studies have
sampled older adults between 65 and 102 years of age
(mean 75 years)'? or have targeted only persons of 75 years
of age')), whereas the mean age was 71.7 years in our study.
The influence of these variables should be investigated us-
ing a similar methodology in future studies.

To our knowledge, our study is the first to report on the
association between exhaustion status and life space among
older adults with MCI. LSA was developed to evaluate mo-
bility status by measuring the life space for elderly indi-
viduals living in a community??. However, the LSA score
is influenced by physical activity as well as physical per-
formance, ADL, and sociodemographic factors?®. For ex-
ample, the life space is sensitive to marginal limitations be-
fore an older person experiences difficulties in performing
ADL or instrumental ADL??. Life space may be a useful
identifier of older adults at risk for cognitive decline®”. In a
previous study, life space was related more closely to cog-
nitive function than to physical performance among older
adults with amnestic MCI?%. Self-reported exhaustion has
also been reported to be associated with cognitive func-
tion®". We found that self-reported exhaustion was nega-
tively related to life space among older adults with MCI.
Because both a small life space and self-reported exhaus-
tion adversely affect cognitive function, the combination of
a small life space and exhaustion may indicate a high risk
for cognitive decline. Thus, it may be important to assess
not only cognitive function but also self-reported exhaus-
tion for older adults with MCI.

Several limitations in this study should be mentioned.
First, the analysis was based on a cross-sectional design,
and we were therefore able to examine only the relation-
ships with exhaustion. Second, we did not collect data on
other factors that may influence one’s feeling of exhaus-
tion such as the cortisol level, which is a biomarker for the
“history” of stressful life events®?. This factor and others
should be examined in future studies of exhaustion in older
people.

In summary, older adults with MCI who have a restrict-
ed life space had self-reported exhaustion. Less life space
may lead to several health problems such as disability or
dementia in older adults with MCI. Evaluation and preven-
tive strategies to target self-reported exhaustion are recom-
mended to help maintain health status in this population.
Future research is needed to identify ways for older people
with MCI to improve their exhaustion status.
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