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Fig. 1. The prevalence of sarcopenia, low muscle mass, poor physical performance, ahd
low muscle strength according to the EWGSOP-suggested algorithm for sarcopenia in
our study participants (n = 1882).

sarcopenia in men and women aged 65 to 89 years was 21.8% and
22.1%, respectively (Figure 1).
The prevalence of sarcopenia showed an age—dependent increase
-.after 75 years in both genders. The prevalence of sarcopenia in men
was 2.6%, 5.3%, 23.3%, 43.9%, and 75.0% and in women it was 11.5%,
11.8%, 27.1%, 35.6%, and 54.3% for those aged 65 to 69, 70 to 74, 75 to
79, 80 to 84, and 85 to 89 years, respectively (Figure 2). In those
younger than 75 years, the prevalence of sarcopenia was higher in
women than in men (65—69 years: OR = 4.81, 95% CI = 1.12—20.55;
7074 years: OR = 2.41, 95% Cl = 1.18—4.91). However, in those aged
85 to 89 years, the prevalence of sarcopenia was lower in women
than in men (OR = 0.39, 95% C1 = 0.17—0.88) (Figure 3).
The prevalence of low muscle mass also showed an age-
dependent increase after age 65 years in both genders. The preva-

lence of low muscle mass in men aged 65 to 69, 70 to 74, 75 to 79, 80 k

to 84, and 85 to 89 years was 21.1%, 28.4%, 37.2%, 58.5%, and 75.0%,
respectively, and 24.5%, 30.1%, 43.0%, 55.6%, and 71.4% in women of
the same age groups (Table 1). The prevalence of low strength was
increasingly age dependent after 75 years in both genders. The
prevalence of low HGS was 13.2%, 14.7%, 40.7%, 61.0%, and 87.5% in
men, and 23.0%, 19.4%, 41.1%, 62.2%, and 71.4% in women aged 65 to
69, 70 to 74, 75 to 79, 80 to 84, and 85 to 89 years, respectively. The
prevalence of low physical performance increased in those older than
80 years in both genders. In men aged 65 to 69, 70 to 74, 75 to 79, 80
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Fig. 2. The prevalence of sarcopenia is shown in each gender and each age group.

Closed column: men; open column: women. *F < .05, **P < .01, men versus women.
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Fig. 3. Odds ratio of the prevalence of sarcopenia in men versus women in each age
group.

to 84, and 85 to 89 years, the prevalence of slow walking speed was
0.0%; 1.1%, 3.5%, 9.8%, and 16.7%, respectively, and in women of the
same age, it was 3.6%, 1.6%, 1.9%, 8.9%, and 20.0%, respectively.

In men, 48 (38.7%) in the sarcopenia group and 74 (16.7%) in the
nonsarcopenia group experienced a fall in the previous year. The OR
for falls in the sarcopenia group relative to the nonsarcopenia group
was 3.16 (95% Cl = 2.04—4.89). The OR for fear of falling in the sar-
copenia group (67.7%) versus the nonsarcopenia group (25.2%) was
6.23 (95% CI = 4.04—9.60). In women, 94 (32.4%) in the sarcopenia
group and 254 (24.8%) in the nonsarcopenia group experienced a fall
in the previous year. The OR for falls in the sarcopenia group relative
to the nonsarcopenia group was 145 (95% Cl = 1.08~1.93). The OR for
fear of falling in the sarcopenia group (84.1%) versus the non-
sarcopenia group (50.0%) was 5.30 (95% Cl 3.78—7.43) (Table 2). The .
sarcopenic participants showed significantly lower scores for all

* physical performance tests than those without sarcopenia (P < .05).

Discussion

The current cross-sectional study was performed to evaluate the
prevalence of sarcopenia in Japanese older adults. The prevalence of
sarcopenia using the EWGSOP-suggested algorithm for sarcopenia in
men and women was 21.8% and 22.1%, respectively. Previous epide-
miological studies of sarcopenia. in several countries show a preva-
lence of sarcopenia of 5% to 40% in older men and 7% to 70% in older
women.*9-32 In general, the prevalence of sarcopenia is approxi-
mately 25% in older men and 20% in older women. Our data are
located around the mean of these previous studies in both genders.

‘Therefore, we believe our study had no sampling bias or over-

estimation/underestimation in the measurement of BIA.

In those younger than 75 years, the prevalence of sarcopenia was
higher in women than in men; however, the opposite trend was
observed in those older than 85 years. This phenomenon was also
found in previous studies in Caucasian and Chinese elderly.?>?® The
mechanism of this important finding is unclear. However, IGF-1
might play an important role in this phenomenon. IGF-1 is the
most important mediator of muscle growth and repair. In women
older than 65 years, the IGF-1 level did not show age-related changes;
however, in men older than 85 years, the IGF-1 level is decreased.**
Thus, in septuagenanans the IGF-1 level is higher in men than in
women, but in those older than 85 years, it is lower in men than in
women. This trend is quite consistent with the prevalence of sarco-
penia. Therefore, the gender difference in the prevalence of sarco-
penia may well be dependent on the IGF-1 level.

Sarcopenic older adults showed significantly lower scores in all
physical performance tests than those without sarcopenia. In addition,
sarcopenic older adults had a higher incidence of falls (men, OR = 3.16;
women, OR = 6.23) and greater fear of falling (men, OR = 1.45; women,
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Table 1
Prevalence of Sarcopenia and Low Muscle Mass, Strength, and Physical Performance
Men
Overall 65—69 70-74 75—79 8084 © 85—89 P for Trend
n = 568 n=76 1n =190 n =172 n=_82 n =48
Sarcopenia ) 124 (21.8) 2(2.6) 10(5.3) 40 (23.3) 36 (43.9) 36 (75.0) <.001
Low muscle mass 218 (38.4) 16 (21.1) 54 (28.4}) 64 (37.2) 48 (58.5) 36(75.0) <.001
Low strength 200 (35.2) 10 (13.2) 28 (14.7) 70 (40.7) 50 (61.0) 42 (87.5) <.001
Low physical performance 24 (4.2) 0(0.0) 2(1.1) 6(3.5) 8(9.8) 8(16.7) <.001
Women '
Overall 65—69 70-74 75-79 80—84 85—89 P for Trend
n=1314 n =278 n =372 n =414 n =180 n =170
Sarcopenia 290 (22.1) 32(11.5) 44 (11.8) 112 (27.1) 64 (35.6) 70 (54.3) <.001
Low muscle mass 508 (38.7) 68 (24.5) 112 (30.1) 178 (43.0) 100 (55.6) 50(71.4) <.001
Low strength 468 (35.6) 64 (23.0) 72 (19.4) 170 (41.1) 112 (62.2) 50 (71.4) <.001
Low physical performance 54 (4.1) 10 (3.6) 6 (1.6) 8 (1.9) 16 (8.9) 14 (20.0) <.001

Values are in n (%).

OR = 5.30) than nonsarcopenic older adults. In a similar study con-
ducted in Italy, 27.3% of participants with sarcopenia and 9.8% of
participants without sarcopenia experienced falls over a 1-year period
(hazard ratio = 3.45)>* Studies have identified physical frailty as the
risk factor for falls and fear of falling in older adults.>>*® It is possible
that a vicious cycle of sarcopenia can lead to lower physical perfor-
mance and the resulting changes in physical ability can lead to a higher
incidence of falls and greater fear of falling. ‘ ,

Sarcopenia is associated with adverse health outcomes. For
example, Janssen et al*’ showed that the estimated direct health care
cost related to sarcopenia was $18.5 billion in the United States in
2000. Furthermore, Landi et al*® showed that 67.4% of participants
with sarcopenia and 41.2% of participants without sarcopenia died
during a 7-year follow-up in a study of older adults aged 80 years and
older (hazard ratio = 2.95). Our study showed that sarcopenia is
highly prevalent among adults aged 80 years and older. Because older
adults are the greatest consumers of health care and have a high risk

" of death, it is very important to begin prevention of sarcopenia early,
possibly before the age of 65. '

There were several limitations to this study that warrant mention.
First, the study design was cross-sectional and no outcome data are
available. Further research with a longitudinal design is required to
clarify whether sarcopenia determined by our algorithm can predict
adverse health outcomes in Japanese older adults. Second, the SMI

measurement was estimated using BIA, a method not recommended to
assess muscle mass by the EWGSOP. However, it is not feasible to
measure muscle mass in community-dwelling older adults using dual-
energy x-ray absorptiometry (DEXA), so BIA is a more practical
screening method to use in large samples, especially in a community.
setting. However, to determine the specific effect of an intervention,
a more accurate measurement, such as DEXA, computed tomography,
or magnetic resonance imaging, should be used in future studies. Third,
serum data were not measured. Therefore, the relationship between
sarcopenia and IGF-1 could not be determined. Finally, the presence of
sarcopenia might not be able to predict fallsin older adults, as this study
was based on the participants having experienced a fall in the previous
year. Further study is required to confirm our findings in participants
with sarcopenia who do not experience falls.

In conclusion, the prevalence of sarcopenia using the EWGSOP-
suggested algorithm for sarcopenia in men and women was 21.8%
and 22.1%, respectively, and the prevalence of sarcopenia increased
age dependently in those older than 75 years in both genders. The
prevalence of sarcopenia in men and women showed an opposite
trend in the young old and in the old old (those older than 85 years).
In addition, participants with sarcopenia had an increased risk for
falls and a greater fear of falling. Qutcome studies are needed to
determine the diagnosis of sarcopenia and the cutoff values for
walking speed, HGS, and muscle mass.

Table 2
Characteristics and Physical Performance in Study Participants With or Without Sarcopenia by Gender

Men Women

Sarcopenia Nonsarcopenia Sarcopenia Nonsarcopenia

n =124 n =444 n = 290 n=1024

Mean SD Mean SD P value Mean SD Mean sD N P value
Demographic ‘
Age 81.1 48 74.0 4.8 <.001 776 54 73.9 53 <.001
Body mass index 222 27 234 3.0 <.001 223 33 230 32 002
Skeletal muscle mass index 553 0.73 7.16 - 1.01 <.001 423 0.46 5.65 0.94 <.001
Fall related -
Fall incidents, n (%) 48 (38.7) 74 (16.7) <.001 94 (32.4) 254 (24.8) 006
Fear of falling, n (%) 84 (67.7) 112 (25.2) <.001 244 (84.1) 512 (50.0) <.001
Physical performance ) - .
10-m.walking time, s 10.0 33 7.7 1.8 <001 100 3.1 7.8 2.0 <.001
Timed up and go test, s 102 35 6.6 19 <.001 9.1 - 30 7.1 1.8 - <001
Functional reach, cm 234 6.6 29.8 6.2 <.001 239 7.2 26.7 5.8 011
One leg stand, s 9.5 9.2 202 183 <001 128 17.5 19.8 15.1 <.001
Five chair stand, s 93 1.7 8.2 2.0 004 9.0 21 8.2 2.6 032
Handgrip strength, kg 230 54 34.0 5.7 <.001 15.9 2.7 229 4.6 <.001
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Effect of physical activity on memory function in older adults
with mild Alzheimer’s disease and mild cognitive impairment

Takanori Tanigawa,' Hajime Takechi,2 Hidenori Arai,' Minoru Yamada,' Shu Nishiguchi® and
Tomoki Aoyama'

"Department of Physical Therapy, Fuman Health Sciences, and *Department of Geriatric Medicine, Graduate School of Medicine, Kyoto
University, Kyoto, Japan

Aim: It is very important to maintain cognitive function in patxenrs with mild cognitive disorder. The aim of the
present study was to determine whether the amount of physical activity is associated with memory function in older
adults with mild cognitive disorder.

Methods: A total of 47 older adults with mild cognitive disorder were studied; 30 were diagnosed with mild
Alzheimer’s disease and 17 with mild cognitive impairment. The global cognitive function, memory function, physical
performance and amount of physical activity were measured in thtS(, patients. We divided these patients according to
their walking speed (<1 m/s or >1 m/s). A total of 26 elderly patients were classified as the slow walking group, whcreas
21 were clclsmﬁed as the normal walking group.

Results: The normal walking group was younger and had significantly better scores than the slow walking group in
physical performance. Stepwise multiple linear regression analysis showed that only the daily step counts were
associated with the Scenery Picture Memory Test in patients of the slow walking group (B =0.471, P = 0.031), but
not other variables. No variable was significantly associated with the Scenery Picture Memory Test in the normal

walking group.

Conclusions: Memory function was strongly associated with the amount of physical activity in patients with
mild cognitive disorder who showed slow walking speed. The results show that lower physical activities could be a
risk factor for cognitive decline, and that cognitive function in the elderly whose motor function and cognitive
function are dechmng can be | 1mp1 oved by increasing the amount of physical activity. Geriatr Gerontol Int 2014; ee:

GH—0B

Keywords: memory function, mvild‘ cognitive disorder, older adults, physical activity, physical performance.

the cognitive function of people with MCI can recover
to normal.*® Indeed, one study showed that 38.5% of
older adults with MCI recovered to normal within
5 years.® Therefore, it is very important to prevent the
deterioration of MCI to dementia. Because no consen-
sus has been established regarding pharmacological

Introduction

Mild cognitive impairment (MCI) is a condition of
objective cognitive impairment based on neuropsycho-
logical testing in the absence of clinically overt demen-
tia.! This condition is of interest for identifying the

prodromal and transitional stages of Alzheimer’s disease
(AD)** and other types of dementia. Indeed, a study
shows that more than half of MCI cases progress to
dementia within S years." However, it is reported that
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intervention for MCI, non-pharmacological interven-
tion is expected. Accordingly, we need to establish a way
to prevent deterioration or even improve cognitive func-
tion in MCI patients.

Recently, it has attracted attention that increasing the
amount of physical activity can prevent the decline of
cognitive fuhction.-Many studies reported that global
cognitive function is associated with the amount of
physical activity. Furthermore, previous reports have
shown that physical frailty is associated with an
increased risk of developing AD and MCI*® and can
predict a future cognitive decline in older adults.’® Addi-
tionally, people with dementia have been shown to be

doi: 10.1111/ggi. 12159 | 1
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frail because of their poor mobility and body composi-
tion.""" Thus, cognitive function and physical frailty are
interrelated.

Accordingly, the cognitive decline in frail elderly
patients can cause further decline of cognitive function

and motor function. Therefore, it is important to main-

tain and improve the cognitive function of the frail
elderly with mild cognitive.disorder.

Several studies have shown the relationship between
cognitive decline that can be observed at the early stage
of dementia and the amount of physical activity.
However, no study has addressed whether the associa-
tion between cognitive function and the amount of
physical activity depends on the level of motor function
in MCI or mild AD patients.

Therefore, the aim of the present study was to deter-
mine whether there is an association between memory
function and the amount of physical activity in older
adults with mild cognitive disorder, stratified by their
motor function.

Methods

Participanits

We recruited patients from the memory clinic of the
Department of Geriatric Medicine in Kyoto University
Hospital, Kyoto, Japan. The diagnosis of AD or MCI
was made according to the following criteria: AD, Diag-
nostic and Statistical Manual of Mental Disorders, 4th
edition, and the National Institute of Neurological and

Communicative Disorders and Stroke and the Alzheim-~ .

er’s Disease and Related Disorders Association;™™ and
MCI, Petersen’s criteria.'> Of the 47 patients with cog-
nitive disorder, 30 were classified as mild AD and 17 as
MCI by the criteria. In the present study, we did not set
the upper and lower limits of the Mini-Mental State
Examination (MMSE) for the diagnosis of MCI. The
exclusion criteria used in the present study were vascu-
lar dementia, dementia with Lewy bodies, lacunar
infarcts, Fazekas grade 3 periventricular hyperintensity/
deep white-matter hyperintensity,'® severe cardiac, pul-
monary or musculoskeletal disorders, or the presence of
comorbidities associated with an increased risk of falls,

such as Parkinson’s disease and stroke.

Written informed consent for the trial was obtained
from each participant or his/her family members in
accordance with the guidelines approved by the Kyoto
University Graduate School of Medicine and the Dec-
laration of Human Rights, Helsinki, 1975.

Walking speed

Comfortable 10-m walking time (walking time) is a
simple test developed to screen basic mobility perfor-
mance in frail older adults. It has been reported that the

2|

~9p -

dnriy with a walking score greater than 10.0s can
suffer an increased rxsk of falling.

Therefore, we divided the participants into two
groups according to their walking speed (cut-off: 1 m/s);
26 of the older adults were classified as the normal
walking group, whereas 21 of the older adults were
classified as the slow walking group.

Cognitive function measures

Cognitive function was assessed by the MMSE and the
Scenery Picture Memory Test (SPMT). MMSE is a
global cognitive test that can be used to systematically
and thoroughly assess mental status. It is an 11-
question measure that tests five areas of cognitive func-
tion: orientation, registration, attention and calculation,
recall, and language. The maximum score is 30. A score
of 23 or lower is indicative of cognitive impairment.
SPMT is a short and simple memory test assessing the
visual memory. encoded as scenery, combined with
verbal answers. Briefly, it uses a line drawing scenery
picture of a living room in a house where 23 objects
commonly observed in daily life are drawn on an A4
piece of paper. The examinee is instructed to look at the
picture for 1 min and remember the items. After this
encoding period, we distracted participants by asking
them to carry out a brief digits forward test. Participants -
were then asked to recall the objects in the picture
without time limitation. This recall time usually takes
less than 1 min. The number of items recalled is the
score for SPMT. Higher scores indicate better cognitive
function. We have previously shown that SPMT is a
quick and effective screen for MCL'

Physical performance measures

The participants were asked to carry out the three motor
function tests that are widely used to identify the frail
elderly. For each performance task, the participants
carried out two trials, and the better performance of the
two was used for the analysis. Physical performance
assessments, such as walking time,'® the Timed Up &
Go (TUG) test,' the Functional Reach test,” the one-
leg stand (OLS) test,”! and the five chair stand test
(5CS)** were carried out as previously described.

Physical activity measures

In physical activity, a valid, accurate and reliable pedom-
eter, the Yamax Power walker EX-510, was used to
measure the free-living step counts.”® The participants
were instructed to wear the pedometer in their pocket
on the side of their dominant leg for 14 consecutive days
except when bathing, sleeping or carrying out water-
based activities. This pedometer has a 30-day data
storage capacity. We calculated the averages of their
daily step counts for 2 weeks.

© 2014 Japan Geriatrics Society
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Table 1 Comparison of demographic characteristics and measurements with the overall group, nor mal walking

group, and slow walking group

All (= 47) Normal walking Slow walking P-value
(= 26) =21)

Age (years) 76.9+7.0 74.7+7.2 79.6+£5.9 0.016*
Female sex, 1 (%) 28 (59.6%) 17 (65.4%) 11 (52.4%) 0.38
BMI 21.7+3.7 22.1+3.7 21.1+3.8 0.36"
Loneliness 5 (10.6%) 2(7.7%) 3 (14.3%) - 0.64
Donepezil treatment 41 (87.2%) 24 (92.3%) 17 (81.0%) 0.39
MMSE 234+3.6 23.0+3.1 24.0+4.2 0.37
SPMT . 6.5+47 6.7£5.1 6.1+4.4 0.68
Physical activity 4371.9 £3605.9 5264.0 £ 3476.9 3267.4+3532.5 0.06
10 m walking time 9.9£2.3 82x1.0 123+£1.6 <0.007%%**
TUG time 9.5+2.7 79+ 14 11.4+£2.6 <0.0071%%*
OLS 11.9%15.8 16.9+£19.3 5.8+6.1 0.01%
5CS 11.1£3.5 10.0£2.2 124+4.2 0.016*

5CS, five chair stand test; BMI, body mass index; MMSE, Mini-Mental State examination; OLS, one leg standing; SPMT,
Scenery Picture Memory Test; TUG, Timed Up & Go test. *P < 0.05 *##P < (.001.

Statistical analysis

The t-test and y*-test were used to compare the data
between the normal and slow walking groups. Multiple
linear regression analysis using a stepwise method was
carried out to investigate whether physical activity, age,
sex, body mass index, TUG, OLS and 5CS were inde-
pendently associated with SPMT. The data were ana-
lyzed using spss software Windows version 20.0 (SPSS,
Chicago, IL, USA). A P-value <0.05 was consxdered
statistically significant for all analyses.

Results

The demographic characteristics of the overall, normal
and slow walking groups are summarized in Table 1. A

total of 26 patients were classified as the normal walking

group, and 21 patients as the slow walking group. There
were no significant differences in sex, body mass index,
loneliness, donepezil treatment, SPMT or physical
activity between the two groups (P> 0.05). The normal
walking group was younger (normal walking group
74.7 £ 7.2, slow walking group 79.6+5.9, P=0.016),
and had significantly better scores than the slow walking
group in TUG (normal walking group 7.9 £ 1.4 s, slow
walking group 11.4+2.6s, P<0.001), OLS (normal
walking group 24.3%24.3s, slow walking group
5.8+6.1s, P=0.006), SCS (normal walking group
10.0+ 2.2 5, slow walking group 12.4 £ 4.2 s, P = 0.016;
Table 1). In the slow walking group, physical activity
was significantly correlated with SPMT (r=0.471,
P =0.031), as shown in Figure 1, but this correlation
was absent in the normal walking group. In addition,
" there was a correlation between SPMT and physical

© 2014 Japan Geriatrics Society
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Figure 1 Relationship between physical activity and the
Scenery Picture Memory Test (SPMT) in the normal walking
and slow walking groups. In the slow walking group,
physical activity was correlated significantly with SPMT
(r=0471, P =0.031).

activity after adjusted by age and sex in the slow walking
group (r = 0.493, P = 0.032).

Stepwise multiple linear regression analysis showed
that no item was significantly associated with SPMT in
the normal walking group, whereas only physical activ-
ity (3=0.471, P=0.031) was significantly associated
with SPMT in the slow walking group (Table 2).

Discussion

The present study showed that memory function is
strongly associated with the amount of physical activity

| 3
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Table 2 Stepwise multiple regression analysis for Scenery Picture Memory

Test

Normal walking Slow walking

B estimates P-value B estimates P-value
Daily step counts - - 0.471 0.031%

Age ' -
Sex -
" BMI -
TUG time -
OLS ‘ -
S5CS -

Note: 5CS, five chair stand test; BMI, body mass index; OLS, one leg standing;

TUG, Timed Up & Go test. *P < 0.05.

only in the slow walking group with mild cognitive
disorder. The present results show that lower physical
activity could be a risk factor for cognitive decline in the
elderly, and would strengthen the evidence to show the
relationship between the amount of physical activity and
cognitive function, as previously reported.* Addition-~
ally, the present study might show that the cognitive
function of the elderly whose motor function and cog-
nitive function are declining can be improved by
increasing the amount of physical activity.

Physical activity might have an impact on cognitive
function. The reasons why the SPMT, not MMSE,
showed a correlation with physical activity might be

explained as following. First, SPMT has been developed.

to screen mild cognitive disorder, whereas the MMSE is
usually used for a broad range of cognitive impairment
from normal to severe dementia. Because we only
included patients with mild cognitive disorder, SPMT
might be better to detect small correlated changes with
other functions than MMSE. Second, SPMT shows
good correlation not only with memory tests, but also
with frontal function tests including word fluency test
(Takechi et al. unpubl. observation). We speculate that
efficient reminding of many objects from the scene
requires the frontal function. Third, SPMT uses a line
drawing scenery picture of a living room familiar to the
elderly. It has been reported that aerobic exercise
induces beneficial changes in brain siructure and func-
tion that are correlated with improvements in cogni-
tion, ¢ even in AD patients.””*® Physical activity, such
as Walking in and out of doors, might concomitantly
give the patients visual stimulation. Because SPMT uses
a picture of a living room familiar to the elderly, the
degree of visual stimulation in daily living might have
affected the results of SPMT. Thus, physical activity and
the capacity to remember a visual scene might have
shown a correlation. We suggest that increasing the
amount of physical activity might result in beneficial
biological changes to the brain structure and function
or in beneficial physical changes to mobility and body

4 |

composition. Therefore, increasing the step counts in a
day could help to maintain and improve the cognitive
function of older adults with mild cognitive disorder.

In the normal walking group with mild cognitive dis-
order, we found no significant association between
memory function and the other variables. Other studies
also show a lack of association of cognitive function
with the amount of physical activity in older adults with
similar ages to those in the present study.”® Therefore,
we need to consider effective strategies for patlents with
higher physical function.

There were several limitations of the present study.
First, our limited sample size might introduce some
error of inference, reduce the power of the analysis
and limit generalization. Second, the present study was
a cross-sectional study. Therefore, the relationship
between the memory function and physical activity
needs further investigation, such as an increase in
physical activity levels for a certain period can improve
the scores of SPMT, MMSE and other cognitive tests.
Third, the definition of the normal walking group
depended only on walking time in the present study. We
might have to measure a frailty index, such as the
Edmonton frail scale® or the Fried frailty assessment,*
if we can extend our results to the frail elderly. Fourth,
we used the SPMT, a visual memory test, as a cognitive
test. However, we did not measure other factors, such as
visual function and attention, that might have affected
the present results. Therefore, it might be impossible
to evaluate properly the relationship between physical
activity and memory function. Thus, the results of the
present study should be interpreted with caution.

In conclusion, the present study shows that cognition

is associated with higher levels of physical activity only
in patients with mild cognitive disorder who showed a
slow walking speed. Our results suggest that increasing
the amount of physical activity might prevent the dete-
rioration of cognitive function. Further investigation,
such as a prospective study, is required to confirm our
results. ’

© 2014 Japan Geriatrics Society
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Abstract

Objectives To investigate the prevalence of fear of falling, and identify factors associated with fear of falling during activities of daily living
after total hip arthroplasty (THA).

Design Cross-sectional study.

Setting Community.

Participants Two hundred and fourteen women who had undergone THA.

Main outcome measures Fear of falling after THA was assessed for 12 activities of daily living using a fear of falling score. The number of .
falls in the past year, total Oxford Hip Score (OHS), total Penn State Worry Questionnaire (PSWQ) score and walking capacity were recorded
as descriptive statistics. Multiple linear regression analysis was performed, with total fear of falling score as the dependent variable and age,
body mass index, time since THA, bilateral THA, total OHS, history of falling, walking capacity and total PSWQ score as the independent
variables.

‘Results A number of participants (mean age = 64.2) experienced fear of falling while ascending and descending stairs: 45% (97/214), taking
a bath: 26% (56/214), bending to pick something up off the floor: 26% (55/214), and getting up from lying on the floor: 25% (54/214). Fear
of falling during activities of daily living after THA was significantly correlated with total OHS, history of falling, walking capacity, total
PSWQ score and age (P <0.05).

Conclusions Fear of falling develops in certain activities of daily living after THA. It is associated with poorer functional outcome, history
of falling, lower walking capacity, higher anxiety level and older age.
© 2014 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.

Keywords: Fear of falling; Fall; Total hip arthroplasty; Activities of daily living; Anxiety; Walking

Introduction

Total hip arthroplasty (THA) is a widely used treatment
for severe osteoarthritis of the hip. THA provides a relatively
safe, effective, long-term solution to the pain, immobility and
disability associated with the condition, and allows patients
to perform most of their normal activities of daily living [1,2].
However, despite such improvements, lower leg strength and

- * Corresponding author at: Department of Physical Therapy, Faculty
of Health Science, Kyoto Tachibana University, 34; Yamada-cho, Oyake,
Yamashina-ku, Kyoto 607-8175, Japan. Tel.: +81 75 571 1111;
fax: +81 75 574 4314.

E-mail address: knagail231@gmail.com (K. Nagai).

mobility of patients after THA are not comparable with those
of the general population [3,4]. In addition, motion diffi-
culties or biomechanical changes in some activities of daily
living persist after THA [5,6].

Fear of falling is a common and potentially disabling
problem among older people living in the community. The
psychological state can induce a debilitating downward spi-
ral, marked by loss of confidence, reduced activity and,

- consequently, loss of independence in healthy older adults

[7]. Although fear of falling is a major component of the
‘post-fall syndrome’ [8,9], it can develop in elderly individ-
uals who have not experienced a fall [10]. The prevalence
of fear of falling has been well investigated in older people,
but little is known about its prevalence after THA. Patients

0031-9406/% — see front matter © 2014 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.physi0.2013.10. 006 '
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who have undergone THA could experience fear of falling
during activities of daily living due to persistent impairments
in function. Detailed information about fear of falling after
THA could enable effective instruction for activities of daily
living, and thus may prevent excessive fear related to activ-
ity limitation. As such, this cross-sectional study aimed to
investigate the prevalence of fear of falling, and identify
factors associated with fear of falling during activities of
daily living after THA. It was hypothesised that, after THA,
patients experience fear of falling during certain activities
of daily living, and this experience is related to functional
outcome. '

Methods

Participants

This study had a cross-sectional design. Participants were

recruited via advertising and oral announcements by staff-

members in the hospital. The advertisement was posted at
the hospital entrance and online. The oral announcements
were made by nurses or therapists for community-dwelling
outpatients visiting the hospital for a regular check-up.
. Three hundred and eighty-one community-dwelling older
Japanese people were assessed for eligibility in this study.
The inclusion criterion was THA. No criteria were set
regarding age or postoperative period. Patients with neurolog-
ical impairment (e.g. stroke, Parkinson’s disease, paresis of
the lower limbs), cardiovascular disease, arthrorheumatism,
visual impediment, dizziness, severe cognitive impairment
or hip osteoarthritis without THA were excluded. The num-
ber of male participants was fairly small (n=24); therefore,
men were excluded to avoid possible confounding due to
the unbalanced sex distribution. All participants gave written
informed consent for participation in the study. This research
was approved by the Ethical Review Board of Kyoto Univer-
sity Graduate School of Medicine, Kyoto, T apan (E1265).

Data collection

Demographics

A printed copy of the questionnaire was dehvered to
each participant at meetings for patients with THA. Med-
ical information, including the date of operation, operated
side (bilateral or unilateral), revision THA, number of med-
ications and number of comorbidities, was collected with a
self-administered questionnaire and confirmed using clini-
cal records. For the participants who had undergone bilateral

THA, the date of the latest operation was used. In all cases,

THA had been performed using a posterolateral approach.

Fear of falling

The Falls Efficacy Scale [11] was modified to evaluate fear
of falling in the participants. The original version consists of
10items, nine of which were included in the modified version

(‘answering the telephone’ was excluded because few people
with fear of falling during this activity were observed); three
additional items, related to movements on the floor that could
be restricted after THA, were included in the modified ver-
sion. As such, the modified version included 12 items. The
nine activities of daily living from the original Falls Efficacy
Scale were: cleaning the house; getting dressed (including
putting on socks); preparing simple meals; taking a bath; sim-
ple shopping; getting in and out of a chair; walking around the
neighbourhood; reaching into cabinets or closets; and going
up and down stairs. The additional three items were: getting
in and out of a conventional or Japanese-style bed; getting up
from lying on the floor; and bending to pick something up
off the floor. The scale was dichotomised to describe whether
or not a person feels fear. The participants were asked to
complete a questionnaire on whether they experienced fear
of falling in these 12 different activities of daily living, and
score their responses as ‘fear’ (score 1) or ‘no fear’ (score 0).
The possible total fear of falling score ranged from 0 to 12,
with lower scores indicating greater confidence.

History of falling
In the self-completed questionnaire, participants were

-asked how many times they had fallen in the previous year. A

fall was defined as an event that resulted in the person unin-
tentionally coming to rest on the ground, floor or other lower

. level [12]. Falls resulting from extraordinary environmental

factors (e.g. traffic accidents, falls while riding a bicycle)
were excluded from the count.

Functional outcome

The Japanese version of the Oxford Hip Score (OHS)
was used for the self-assessment of a patient’s disability
after THA [13,14]. The questionnaire contains the follow-
ing 12 items: usual level of hip pain; trouble with washing
and drying; transport difficulties; difficulty in putting on.
socks/stockings/tights; shopping for household items inde-
pendently; walking time before severe pain; difficulty in
climbing stairs; pain on standing up from sitting; limping
when walking; sudden severe pain from the hip; work inter-
ference due to pain; and pain while in bed at night. Each item
is scored from 1 (no symptoms or impairment) to 5 (severe
symptoms or impairment). The scores are added to obtain a
total value that can range from 12 to 60, with a lower score

~ indicating less impairment or fewer symptoms.

Psychological state :

The Japanese version of the Penn State Worry Ques-
tionnaire (PSWQ) was used to measure anxiety [15,16].
The validity and reliability of the Japanese version of this
questionnaire have been confirmed previously [16]. The ques-
tionnaire contains 16 items which are rated on a five-point
scale (from ‘not at all typical of me’ to ‘very typical of me’).
Examples of the items are: ‘My worries overwhelm me’,
“When I am under pressure I worry a lot’, ‘T am always wor-
rying about something’ and ‘I worry about projects until they
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are all done’. The total PSWQ score can range from 16 to 80,
with lower scores indicating less anxiety.

Ambulatory status

The participants were asked to assess their walking capac-
ity as follows: ‘How long can you walk without stopping?’
[17]. The decision branch grading was set as follows:
>60 minutes, >30 minutes but <60 minutes, > 15 minutes but
<30 minutes, <15 minutes and almost zero. The time frames
were set for the sake of convenience according to the authors’
clinical experience. The validity and reliability of this grading
system have yet to be confirmed.

Statistical analysis

Data were organised as descriptive statistics. Participants
with any missing data were excluded to maintain analytical
accuracy by avoiding statistical imputation. Multiple regres-
sion analysis with the stepwise method was used to identify
factors associated with fear of falling score after THA.
Bilateral THA and number of falls in the past year were sub-
sequently transformed into binary variables (all or nothing)

to investigate the difference in fear of falling between fallers

and non-fallers. The dependent variable was the total fear of
falling score, and the independent variables were age, time
since THA, bilateral THA, total OHS value, number of fallsin
the past year, walking capacity, total PSWQ score and use of
multiple medications (four or more) [18]. Body mass index
was included as an independent variable to control for the
effect of physical attributes. Statistical Package for the Social
Sciences Version 21.0 (Japan Ltd., Tokyo, Japan) was used
for data analysis. Statistical significance was set at P <0.05.

Results

The study flow is shown in Fig. A (see online supplemen-
tary material). Twenty-two people refused to participate in
this study. Questionnaires were collected from 339 people
who agreed to participate; thus, the response rate was 94%
(359/381). Thirty-nine participants without THA did not
meet the inclusion criterion. Additionally, 37 participants
who met the exclusion criteria and 24 men were excluded.
Forty-five participants were also excluded because of miss-
ing data. Finally, the data for 214 participants were analysed
(Table A, see online supplementary material). Of the all par-
ticipants, 36% (76/214) had experienced falls in the past year.
The median fear of falling score was 1 [interquartile range
(IQR) 0 to 3]. A number of participants felt fear of falling
when ascending and descending stairs: 45% (97/214), taking
a bath: 26% (56/214), bending to pick something up off the
floor: 26% (55/214), and getting up from lying on the floor:
25% (54/214) (Table 1). Nineteen percent of them (41/214)
felt fear of falling while walking around the neighborhood.

Table 2 shows the results of the multiple linear regres-
sion analysis. Lower functional outcome (higher OHS value),

Table 1
Fear of falling scores (n=214).
No. of . Score
participants

Activities of daily living ‘

Cleaning the house 28 (13)

Getting dressed 35(16)

Preparing simple meals 10(5)

Taking a bath 56 (26)

Simple shopping 25 (12)

Getting in and out of a chair 19 (9)

Walking around the neighbourhood 41 (19)

Reaching into cabinets or closets 12 (6)

Ascending or descending stairs 97 (45)
Getting in and out of a conventional or 21 (10)

Japanese-style bed )
Getting up from lying on the floor 54 (25)
Bending to pick something up off the 55 (26)
floor
1(0t03)

Total fear of falling score, median (IQR)® -

IQR, interquartile range.
® Percentage indicates the rate of participants with fear during the activity.
b Total fear of falling score indicates the number of activities of daily living
performed with fear.

Table 2

Multiple linear regression model (R? =0.173).

Independent variable B SE B P?
Body mass index 0.004 0.048 0.006 0.930
Walking capacity 0419 0.196 0.143 0.034
History of falling . 0.806 0.308 0.169 0.010
Total OHS value 0.089 0.033 0.176 0.008
Total PSWQ score 0.039 0.017 0.151 0.020
Age 0.037 0.017 0:137 0.036

‘R?, multiple correlation coefficient; B, partial regression coefficient; SE,

standard error; B, standardised partial regression coefficient; OHS, Oxford
Hip Score; PSWQ, Penn State Worry Questionnaire.
2 P<0.05.

lower walking capacity, history of falling, higher anxiety
level (higher PSWQ score) and older age were significantly
associated with fear of falling after THA, while the other inde-
pendent variables (e.g. time since THA) were not associated

_ with fear of falling after THA. This analysis revealed that fear

of falling score after THA was significantly correlated with
the total OHS value [standardised partial regression coeffi-
cient (8) 0.18; P=0.008]; history of falling in the past year
(8=0.17; P=0.010), walking capacity (8=0.14; P=0.034),
total PSWQ score (8=0.15; P=0.020) and age (8=0.14;
P=0,036) (Table 2). The other factors were excluded from
the model.

Discussion

This study had two major findings. First, the participants
frequently experienced fear of falling during activities of
. daily living, especially while ascending or descending stairs,
taking a bath, bending to pick something up off the floor,
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and getting up from lying on the floor. Second, fear of falling
was associated with lower functional outcome, lower walk-
ing capacity, history of falling, higher anxiety level and older
age.

Approximately half of the participants experienced fear
of falling while ascending or descending stairs. This fear is
well known in older people [19,20]. Lachman et al. reported
the fear of falling during stair ascent/descent in older people
using a four-point scale (0 =not at all afraid, 3 = very afraid),
with an average score of 0.79.[20]. However, to the authors’
knowledge, the prevalence of fear of falling after THA has
not been investigated previously. Fujita er al. [6] reported
that patients who have undergone THA have some diffi-
culty during movement on stairs, and biomechanical analysis
revealed kinetic alterations during this activity of daily liv-
ing in individuals who have undergone total hip replacement
compared with normal subjects {5]. Residual decreased phys-
ical function after THA may have led to these results, with
the participants of the present study experiencing an increased
fear of falling. Such fear during stair ascent/descent impairs
stair negotiation [21], and may reduce the opportunity for
using stairs after THA.

Several participants also felt fear of falling while taking
a bath. McGrory et al. [22] reported that individuals who
have undergone THA still have difficulty in taking a bath 1
year after surgery. Further, Tinetti et al. [23] demonstrated
that self-efficacy for taking a bath or shower is the lowest
among the various activities of daily living in older people.
This activity, which can involve walking on a slippery surface
and stepping into a bath tub, requires well-controlled balance
and good range of motion in the hip joint. Lack of confidence
during these movements may lead to fear of falling while
taking a bath. _ ,

In the present study, one-quarter of the participants expe-

rienced fear of falling while bending to pick something up off

the floor and getting up from lying on the floor. Fujita ef al.
[6] demonstrated that difficulty in bending towards the floor
persists at 6 months after THA. Moreover, by investigating
the relationship between the degree of difficulty in activity
and range of motion in the hip joint, McGrory et al. [22]
demonstrated that limitation in this activity of daily living is
associated with the range of motion in hip flexion. A stooping
movement requires muscle coordination and balance [24,25].

Limited range of motion in hip flexion, impaired muscle coor-.

dination and poor balance may have affected the experience
of fear. Meanwhile, bending at the hip from an erect stance
to retrieve an object on the floor can cause posterior disloca-
tion of the femoral head [26]. Notably, 77% of dislocations
occurred within 1 year of THA [27]. Therefore, anxiety about
dislocation of the hip joint in the early postoperative period
could have led patients to refrain from stooping, and the lack
of sufficient experience with this motion could have caused
fear of falling. . .
Getting up from the floor is often performed in the
Japanese lifestyle [6]. Good lower leg function is needed
to accomplish this movement [28]. Hofmeyer ez al. [29]

proposed a strategy for the elderly to rise safely from the floor,
and reported a reduced degree of difficulty during the move-
ment. Therefore, it is recommended that therapists should
develop an exercise strategy for patients to acquire confidence
in this activity of daily living. Recently, use of a conventional
bed instead of a Japanese-style bed has been clinically rec-
ommended after THA in Japan. Therefore, the frequency of
this activity of daily living may have decreased in the partic- -
ipants. Lack of experience in this movement may also have
led to loss of confidence and induced fear of falling.

The present study revealed that fear of falling during some
common activities of daily living is associated with lower
functional outcome, history of falling, lower walking capac-
ity, higher anxiety level and older age. Other researchers

* investigated the internal factors associated with fear of falling

in healthy older people, and demonstrated the contribution
of age, history of falling, anxiety trait and mobility [21,30],
similar to the present findings. Meanwhile, the present study
revealed that functional outcome is most strongly associated
with general fear of falling after THA. This result suggests
that lower functional outcome has a strong effect on fear
of falling. Therefore, individuals who have undergone THA
would benefit from the acquisition of good physical function
to help eliminate fear of falling.

In contrast, the time since THA was not associated with
fear of falling. The median postoperative period was 4 years
in this study. Recovery of physical function could have
plateaued by 4 years postoperatively.

In order to eliminate activity limitation due to fear of
falling after THA, it is recommended that therapists should
provide safety instructions and intensive rehabilitation in at
least the following activities of daily living: ascending or
descending stairs; taking a bath; bending to pick something
up off the floor; and getting up from lying on the floor. More-
over, individuals who have undergone THA may require
a long-term rehabilitation programme. Another effective
approach would be to address environmental factors (e.g.
by fixing a handrail) for frail patients with deteriorated
function and/or advanced age. Patients with anxiety tended
to experience fear of falling during activities of daily living;
therefore, rehabilitation programmes that are individualised
according to a patient’s psychological characteristics may be
effective after THA. However, the possibility that excessive
confidence for avoiding falls (i.e. low perceived risk of falling
in patients who are at risk of falls) may increase the number
of accidents due to a lack of risk management should also be
considered. As the present study does not provide sufficient
information on this possibility, further prospective study is
required.

The limitations of this study are as follows. The patients’
actual activities of daily living were not evaluated objec-
tively; accordingly, the detailed effect of fear of falling on
activity limitation remains unclear. Objective outcomes (e.g.
range of motion, muscle strength) were not evaluated; these -
outcomes may influence fear of falling in such patients. The
types of medication that participants were prescribed were
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not investigated, and thus the detailed effects of medication
could not be assessed. The participants had a long postoper-
ative period; the results might have changed if patients in the
early postoperative period had been recruited: The design
of this study was cross-sectional. The causal relationships
between fear of falling and other factors were not clarified.
Furthermore, the design of the present study is not free from

. possible recall bias for falls in the previous year. The fear of
falling score was modified from the original Falls Efficacy
Scale, and the validity and reliability of these modifications
have not been confirmed. Further studies are needed to clarify
the effect of fear of falling on negotiation of activities of daily
living, the contribution of objective outcomes to fear, and the
prevalence of fear of falling in patients during the early period
after THA.

Conclusion

Patients who have undergone THA often experience fear
of falling during various activities of daily living. Those
patients with lower functional outcome, lower walking capac-
ity, history of falling, higher anxiety level and older age
tend to develop fear of falling. It is recommended that the-
rapists should evaluate fear of falling in patients who have
undergone THA, and institute rehabilitation programmes
individually to decrease excessive fear leading to activity
limitation.
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Background/Purpose: Measures to prevent the development of muscle mass decline should be initiated
from midlife. However, the impact of physical activity at midlife on muscle mass in old age remains
uncertain. The aim of this cross-sectional study was to determine whether physical activity at midlife
influences muscle mass and physical performance in old age.
Methods: A total of 272 Japanese women aged 65 years and older were enrolled in the study. Information
about physical activity levels at midlife and in old age were collected using a retrospective questionnaire.
We calculated the skeletal muscle mass index in old age and recorded the participants$’ walking speed
and hand grip strength in old age. We then classified the participants into four groups according to their
physical activity levels at midlife and in old age and conducted multiple linear regression analysis to
determine whether the physical activity levels at midlife and in old age were associated with skeletal
muscle mass index and physical performance in old age.
Results: The participants in the groups that were physically inactive at midlife had a significantly lower
skeletal muscle mass index in old age than those who were physically active at midlife (p < 0.01).
Participants in the groups that were physically inactive in old age also had significantly slower walking
speeds at old age than those who. were physically active (p < 0.01). These associations remained sig- .
nificant after adjustment for age and body mass index.
Conclusion: Physical activity at midlife may be associated with a higher muscle mass in old age and
physical activity in old age may be associated with higher walking speeds in old age.
Copyright © 2013, Asia Pacific League of Clinical Geronto!ogy & Geriatrics. Published by Elsevier Taiwan
LLC. All rights reserved.

1. Imtroduction

disorders, and mortality.># To promote healthy aging, it is therefore
important to develop ways of preventing muscle mass decline,

Muscle mass declines at approximately 1—2% per year after the
age of 50 years.! Longitudinal studies have shown a clear decline in
muscle mass, strength, and power beginning at approximately 35
years of age.” The age-related loss of skeletal muscle mass induces
an increased risk of falls and fractures, physical disability, mobility

* Corresponding author. Department of Physical Therapy, Human Health Sci-
ences, Graduate School of Medicine, Kyoto University, 53 Kawahara-cho, Shogoin,
Sakyo-ku, Kyoto 606-8507, Japan.

E-mail address: nishiguchi.shu.82s@st.kyoto-u.acjp (S. Nishiguchi).

The beneficial effect of physical activity in preventing adverse
health outcomes is widely endorsed. There is growing evidence
that older adults who engage in physical activity are more likely to
experience better physical function and have a longer active life
expectancy than sedentary older adults.>~7 Physical activity also
has a positive impact on preventing muscle mass decline'® Physical
activity is one of the most important modifiable factors associated
with the risk of chronic morbidity and high mortality in the general
population.

Recent studies have shown an association between physical
activity at midlife and functional and health status in old age. The
level of physical activity at midlife was related to better physical

2210-8335/% - see front matter Copyright @ 2013, Asia Pacific League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan LLC. All rights reserved.
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health and functioning and lower mortality risk.>~"? Previous
studies have also investigated the effects of midlife physical activity
on different components of mobility™ ™ and the risk of institu-
tionalization.'® The benefits of physical activity at midlife appear to
result from the maintenance of muscle strength,'* cognitive func-
tion,”” and other functions in old age. Furthermore, muscle mass in
old age also appears to benefit from physical activity at midlife.
Although it is important to prevent the development of muscle
mass decline in old age and midlife, the effect of physical activity at
midlife on muscle mass in old age remains uncertain.

The aim of this cross-sectional observational study was to
determine whether physical activity at midlife was associated with
muscle mass and physical performance in old age. We hypothesized
that physical activity at midlife might prevent the decrease in
- muscle mass in old age.

2. Methods
2.1. Participants

Participants were recruited through a local press release
requesting healthy community-dwelling volunteers. A total of 272
Japanese women. aged 65 years and older (mean * SD age
73.6 £ 5.5 years) living in the city of Kyoto enrolled in the study.
Participants were interviewed and excluded if they met any of the
following criteria: severe cognitive impairment; severe cardiac,
pulmonary, or musculoskeletal disorders; and comorbidities asso-
ciated with a greater risk of falls, such as Parkinson’s disease and
stroke. Written informed consent was obtained from each partici~
pant in accordance with the guidelines approved by the Kyoto
University Graduate School of Medicine.

2.2. Assessment of physical activity

A questionnaire’® was used to collect retrospective irfformation
about physical activity levels during midlife and old age. In the
present study, we defined midlife as the period between the ages of
40 and 65 years. The questions were: ‘How much physical activity
did you have during midlife?” and ‘How much physical activity do
you have these days?’ Similar to the approach used in the previous
study, there were three response categories: no regular physical
activity (0); regular physical activity (1); and regular sports (2).
Regular physical activity/sports were defined based on a previous
study™® as actjvities/sports engaged in at a frequency of more than
once a week. We defined light walking or! moderate exercise
. (equivalent to less than approximately 4.0 metabolic equivalents)
as physical activity and moderate or vigorous physical activities
(equivalent to more than approximately 4.0 metabolic equivalents)
as sports; these definitions were based on the International Phys-
ical Activity Questionnaire.' For each of the midlife and ‘old age
physical activity levels, Category 0 was defined as ‘inactive’ and
Categories 1 and 2 (combined) were defined as ‘active’ in the
analyses.

2.3. Skeletal muscle mass index

A bioelectrical impedance data acquisition system (Inbody 430;
Biospace Co. Ltd, Seoul, Korea) was used to perform bioelectrical
impedance analysis.?® This system also uses an electrical current at
multiple frequencies (5, 50, 250, 500, and 1000 kHz) to directly
measure the amount of extracellular and intracellular water. The
participants stood on two metallic electrodes and held metallic grip
electrodes. Using segmental body composition, muscle mass was
determined and used for further analysis. The skeletal muscle mass
index (SMI) was calculated by dividing the muscle mass by height
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squared in meters (kg/m?). This index has been used in several
epidemiological studies.*

2.4. Measurements of physical performance

The following two measurements for the assessment of mobility
and physical strength were made for each participant in the pres-
ence of experienced physiotherapists: (1) 10 m or 4 m walking
test?!; and (2) the hand grip strength (HGS) test.*?

In the walking test, participants were asked to walk 10 mor4 m
at their normal walking speed. Walking time was calculated using a
stopwatch to record the time taken to cover the central 10 mor4 m
of the walkway (2 m at the start and finish were used for acceler-
ation and deceleration). Using the better walking time of two trials,
the participants’ walking speed (m/s) was calculated to obtain
values for analyses.

In the HGS test, participants used a hand-held dynamometer
with the arm held to the side of the body. The participants squeezed
the dynamometer with maximum isometric effort. No other body
movement was allowed. The HGS score was defined as the better
performance of two trials.

2.5. Assessment of sarcopenia

For the present study we adopted the criteria of the European
Working Group on Sarcopenia in Older People (EWGSOP).?® The
EWGSOP recommended defining sarcopenia as the presence of
both low muscle function (slow walking speed equal to or less than
0.8 m/s; or low HGS equal to or less than 20 kg) and low muscle
mass. For assessing low appendicular muscle mass, we divided the
SMis of the participants into quartiles and defined the first quartile
as the cutoff for low appendicular muscle mass (SMI 5.55 kg/m?).

2.6. Statistical analysis

Before analysis, we classified the participants into four groups
according to physical activity levels in midlife and old age: Group |,
physically inactive at both midlife and old age; Group II, physically
active at midlife, but not at old age; Group IlI, physically inactive at
midlife, but active at old age; and Group IV, physically active at both
midlife and old age (Fig. 1).

Differences in the demographic variables among the four groups
were examined using analysis of variance (ANOVA). When a sig-
nificant effect was found, differences were determined with the
Tukey—Kramer's post-hoc test. In addition, we entered four

At midlife
Inactive Active
g
§ Group | Group
o £
e £
o
=
°
g g
::3 Group i Group IV

Fig. 1. Classification of participants in the four groups according to the midlife and old
age physical activity levels: (Group I = physically inactive at both midlife and old age;
Group Il = physically active at midlife, but not at old age; Group Il = physically inactive
at midlife, but active at old age; Group IV = physically active at both midlife and old

age).



20 S. Nishiguchi et al. / journal of Clinical Gerontology & Geriatrics 5 (2014) 18-22

dummy-coded groups, with Group IV as the reference group in
models with independent variables; unadjusted and adjusted
multiple linear regression analysis were conducted to determine
whether physical activity levels in midlife and old age were asso-
ciated with SMI and physical performance in. old age. In the
adjusted analyses, age and body mass index were entered as con-
trol variables. -

‘ Statistical analyses were carried out using the SPSS version
20.0 software package (SPSS, Chicago, IL, USA), with p < 0.05
accepted as significant. .

3. Results

- Table 1 shows the characteristics of the study population. The
number (%) of participants in Groups I, II, Ill, and IV was 57 (21.0), 25
(9.2), 84 (30.9), and 106 (38.9), respectively. Participants in Group
IV (SMI 6.35 + 0.87 kg/m?, walking speed 1.41 & 0.26 m/s) (phys-
ically active at both midlife and old age) had significantly higher
SMIs than those in Groups I (5.85 + 0.92 kg/m?, p < 0.01) and III
(6.00 + 1.08 kg/m?, p < 0.05) (physically inactive at midlife) and
faster walking speeds than those in Groups I (1.30 £ 0.25 m/s,,
p<0.05)and 11 (1.27 £ 0.27 m/s, p < 0.05) (physically inactive at old
age) (Table 1). There was no other significant difference among the
four groups. A total of 38 (14.0%) participants had sarcopenia: 10 of
57 (17.5%), 3 of 25 (12.0%), 16 of 84 (16.7%), and 9 of 106 (8.5%)
participants in Groups I, I1, II], and IV, respéctively.

In the unadjusted multiple linear regression analysis with Group
IV as the reference, older adults within Groups I and Il showed a
significantly lower SMI (p < 0.01) and older adults in Groups I and II
showed a significantly slower walking speed (p < 0.01) (Table 2).

Thus participants who were physically inactive at midlife (Groups I
and IN) had a significantly lower SMI and participants who were
physically inactive in old age (Groups I and II) had a significantly
slower walking speed. These associations remained significant after
adjustment for age and body mass index (p < 0.05) (Table 2).
However, no group showed significant associations with HGS in the
unadjusted and adjusted analysis.

4. Discussion

This is the first cross-sectional study to attempt to clarify the
relationship between physical activity levels at midlife and skeletal
muscle mass in old age. This study showed that older adults who

. were physically active at midlife might have a higher skeletal

muscle mass in old age than those that were not physically active at

Table 1

Demographic differences according to physical activity levels at midlife and old age.

midlife. A previous study reported that the rate of lean mass loss
was about three times less than the rate of decline in leg strength.**
Our results for the relationship between physical activity at midlife
and skeletal muscle mass appear to be consistent with the previous
study. In addition, the previous study reported that the exercise-
induced increase in muscle mass was typically less than that ex-
pected for the concomitant increase in strength.?® Therefore
physical activity at midlife may be important and beneficial for
preventing muscle mass decline in old age.

Muscle mass is controlled by catabolic and anabolic factors. A
previous cohort study showed that regular physical activity was
associated with low levels of catabolic markers such as interleukin-
6.2% In addition to its effects on catabolic factors, an increase in
physical activity was associated with a high level of insulin-like
growth factor-1, one of the most important factors linked to
intensifying muscle mass in premenopausal women.?’ These re-
sults suggest that continuous regular physical activity prevents

. catabolic effects and promotes anabolic effects. However, there are

no longitudinal reports that have reported an association between
these factors and muscle mass from midlife to old age. On the basis
of our preliminary results regarding the relationship between
physical activity at midlife and skeletal muscle mass, further
studies are required to confirm the benefits of physical activity from
midlife for the prevention of muscle mass decline. )
Our study also showed that adults physically active in old age
might have a faster walking speed than those who were not
physically active in old age. In addition, physical activity at midlife
and in old age was not associated with grip strength in old age.
Hughes et al® reported longitudinal changes in muscle mass,
physical activity, and muscle strength and found that muscle mass

‘decline explained only 5% of the decline in strength. Further, the

changes in strength were no different between people of middle
and old age who reported taking regular exercise in the past
compared with those who had not exercised regularly in the past.
These are the reasons why the relationship between physical ac-
tivity and physical performance has different trends from that be-
tween physical activity and skeletal muscle mass. Furthermore, we
observed significantly lower SMils in Group III participants and
slower walking speeds in Group Il participants compared with
Group 1V, although there was no difference in muscle mass and
physical performance between Groups Il and III. These results seem
to indicate that physical activity at midlife and old age may affect
skeletal muscle mass and physical performance in old age. How-
ever, a previous longitudinal prospective study of the association -
between physical activity at midlife and walking speed®® reported

Total (n = 272)

Physical activity levels at midlife and old age

Group [ (n = 57) Group Il (n = 25) Group 1l (n = 84) Group IV (n = 106) P Post-hoc

Age (y), mean = SD 73.6+55 741 £62 750+ 5.2 740 =55 727+ 49 0.146 —
Height (cm), mean =+ SD 1512+ 54 151.1£52 1539+ 54 1509 + 4.8 150.7 £ 5.9 0.088 —
Weight (kg), mean =+ SD 497 £ 7.5 48.8 £ 6.9 51.7 + 84 495+ 76 499+73 0459 —_

BMI (kg/m?), mean =+ SD ‘21.7+28 214 £27 217428 217 £ 30 22.0+£28 0.653 e

SMI (kg/m?), mean = SD 6.11 + 092 5.85 + 092 6.14 + 0.82 6.00 + 1.08 6.35 + 0.87 0.004 *
Walking speed (m/s), mean + SD 135+ 0.25 130025 127 2027 134 £ 023 141 + 0.26 0.010 +

HGS (kg), mean + SD 221 +£6.7 213 %35 21475 222 £ 102 225468 0.672 —
Sarcopenia, n (%) 38(14.0) 10(17.5) 3(12.0) 16 (16.7) 9(8.5)

Group I = physically inactive at both midlife and old age; Group Il = physically active at midlife, but not at old age; Group lll = physically inactive at midlife, but active at old )
age; Group [V = physically active at both midlife and old age; BMI = body mass index; HGS = hand grip strength; SMI = skeletal muscle mass index.

*Significant difference between Group IV and Group 1 (p < 0.01).
**Significant difference between Group IV and Group HI (p < 0.05).
iSignificant difference between Group IV and Group I (p < 0.05).
iSignificant difference between Group IV and Group Il {p < 0.05).
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Table 2

21

Association of physical activity status with skeletal muscle index and physical performance in old age.

Dependent Unadjusted model Adjusted model
variable B 95% CI Adjusted B 95% €I Adjusted
R? value R? value
Sml 0.05 . . 0.35
Group [ ~-0.22 -0.80to —0.21" ~0.16 ~0.61to —-0.11"
Group I -0.06 ~0.62 to 0.21 —-0.03 —-0.48 to 0.24
Group III -0.18 —-0.61 to ~0.08" ~0.15 ~0.50 to ~0.07"
Group IV Reference Reference
Walking speed 0.05 0.17
. Group i -0.18 -0.19 to —0.03" -0.17 —0.19 to ~0.03"
Group II -0.18 ~0.28 to ~0.05" -0.14 ~0.24 to ~0.02"
Group I -0.12 ~0.14 to 0.01 -0.09 -0.12 to 0.02
Group IV Reference ’ Reference
" HGS 0.01 0.07
Group I -0.08 ~3.47 t0 0.93 —-0.06 ~3.16 to 1.30
Group If —~0.06 —451to 1.66 -0.03 -3.93 t0 2.30
Group Il -0.02 ~2.23 to 1.69 -0.01 ~1.84 to 2.05
Group IV Reference Reference

Note: In the adjusted analysis, age and BMI were entered as control variables. Group [ =

physically inactive at both midlife and old age; Group Il = physically active at midlife,

but not at old age; Group IIl = physically inactive at midlife, but active at old age; Group IV = physically active at both midlife and old age B = standard regression coefficient;
CI = confidence interval; HGS = hand grip strength; SMI = skeletal muscle mass index.

“p < 0.05.
*p < 0.01.

results which were different from the present study. This may in
part be. because: (1) our assessment of physical activity was
retrospective; (2) our questionnaire was not a particularly detailed
assessment of physical activity as it did not contain itemns
addressing the continuance and intensity of physical activity; and
(3) the present study was cross-sectional. These may be the main
reasons why our results differ from previous studies. In future
studies, details regarding the level of physical activity at midlife and
in old age must be collected to better understand how physical
activity at midlife affects physical performance.

Many research groups have recently defined sarcopenia as the

coexistence of low muscle mass and low physical perfor-

mance.?>3%*! The evidence-based clinical effect of physical activity
on the prevention of sarcopema has also been reported from
multiple points of view.® The present study showed the relation-
ship between physical activity at midlife and skeletal muscle mass
as well as between physical activity in old age and physical per-
formance, and suggested that continued physical activity from
midlife to old age might be one of the important factors for the
prevention of sarcopenia in old age. The benefits of constant
physical activity for various health improvements are well known.
Additional studies are required to determine the benefits of phys-
ical activity over the life course, not only in terms of various health
improvements, but also for the prevention of sarcopenia.

There were several limitations to the present study. Firstly, this
study was cross-sectional and we included no information on the
effect of continuous regular physical activity from midlife to old age
in the questionnaire. A longitudinal prospective study is therefore
needed to confirm these results and extend the present study.
Secondly, our assessment of physical activity at midlife and old age
was conducted using a very simple questionnaire and was based on
the participants’ ability to recall information. Thirdly, the findings
in the present study should be considered as preliminary due to the
relatively small sample size, which may introduce some error of
inference, reduce the power of the analysis, and limit generaliza-
tion. Finally, we did not collect any information about comorbidity
or current treatment with drugs for our participants.

In conclusion, the results of our study suggest that physical ac-
tivity at midlife may be associated with high muscle mass in old age
and that physical activity in old age may be associated with a fast
walking speed in old age. The present study seems to be a funda-
mental study to determine the benefits of physical activity over the
life course for the prevention of sarcopenia.
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Validation and translation Of the Kxhon Checklist
(frailty index) into Brazilian Portuguese

Priscila Yukari Sewo Sampaio, Ricardo Aurélio Carvalho Sampaio, Minoru Yamada, Mihoko Ogita and
Hidenori Arai

Department of Human Health Sciences, Kyoto University Graduate School of Medicine, Kyoto, Japan

Aim: To translate the Japanese Kihon Checklist (frailty index) into the Portuguese language, and to validate the use
of the checklist for the assessment of the elderly Brazilian population.

Methods: A semantic analysis was carried out, along with pretesting of bilingual participants. The checklist was
validated against the Edmonton Frail Scale.

Results: A total of 188 Brazilian older adults (mean age 69.5 £ 7.47 years) participated in the present study. In the
semantic analysis, six elderly participants reported no difficulty with responding to the Portuguese version of the
Kihon Checklist. During pretesting with 21 bilingual participants, we found a strong correlation between the total
scores of the original version of the Kihon Checklist in Japanese and the translated version in Portuguese (= 0.764,
P < 0.001). According to the validation process, which involved 161 participants, there was a 51gmﬁcant correlation
_between the total scores of the Kihon Checklist and the Edmonton Frail Scale: {r=0.53S, P <0.001), and between each
domain of the checklist with the total score of Edmonton Frail Scale (lifestyle © = 0.429, P < 0.001; physical strength
T =0.367, P<0.001; nutrition 1= 0.211, P=0.002; eating ©=0.213, P = 0.001; socialization t = 0.269, P <0.001;
memory T = 0.285, P <0.001; and mood 1= 0.359, P< 0.001). Furthermore, the Portuguese version of the Kihon
Checklist showed satisfactory internal consistency (Cronbach’s o coefficient: 0.787).

Conclusions: The Portuguese language version of the Kihon Checklist presented good internal consistency and
validity. Therefore, we encourage its application in the elderly Brazilian population with an aim of monitoring their
frailty to prevent or delay the functional dependence and any other adverse health outcomes. [Correction added on
14 January 2013, after first online publication: the phrase ‘loss of” has been del eted from the preceding statement.]
Geriatr Gerontol Int 2013; ee: se—oce,

- Keywords: com.muniiy—dwelling older people, Edmonton Frail Scaie, frailty, Kihon Checklist, validation.

Introduction : impairments;*® and (ii) the frailty phenotype is identified

; to detect people who find themselves between the inde-
The rapid increase in the number of frail older adults pendent and the dependent life stages.”
is considered a major healthcare challenge.’? In recent Independent of the adopted approach, valid and low-
years, the term “frailty” has been repeatedly discussed in cost frailty assessment tools are required for both
the research literature, and several definitions have been research and clinical purposes.® Therefore, the Japanese
proposed.® However, there is insufficient evidence to Ministry of Health, Labor and Welfare proposed a frailty
accept a single definition of frailty, and no single defi-  index named the “Kihon Checklist” (KCL) that identi-
nition is Currenﬂy considered to be a go]d_ standard.* In fies vulnerable older adglts as those with a hlghcr risk of
general, there are two predominant approaches to defin- becoming dependent.”' The KCL is used for screening

ing frailty: (i) frailty is treated as a count of health frail older adults and is based on the needs of the
: ‘ ' " Japanese long-term care insurance system.'’ The KCL

~ has 25 yes/no questions divided into domains: life-
Accepted for publication 8 July 2013. style, physical strength, nutrition, eating, socialization,
memory and mood {Table 1). A subject is identified as

Correspondence: Professor Hidenori Arai MD PhD, Department howine frailty if i . 10 point in th
of Human Health Sciences, Kyoto University Graduate School showing trailty i they score pomts or more In the

of Medicine, 53 Kawahara-cho, Shogoin, Sakyo-ku, Kyoto lifestyle domain. In addition, the results of the KCL can
606~8507, Japan. Email: harai@kuhp kyoto-u.ac.jp be analyzed separately by each domain. Scoring three
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