2

an important component of daily life. There are several well-
established visual memory tests, such as the Benton Visual Reten-
tion Test™ and the Rey—Osterrieth Complex Figure Test,'" that can
be used to assess nonverbal visual mermory. However, these tests
are not reflective of situations and activities encountered in daily
life, are time consuming, and have complex scoring systems.

Deficits in working memory f{unctions (e.g., attention and ex-
ecutive function) caused by AD are thought to contribute to a range
of significant problems such as impairments in performing
everyday tasks (e.g., keeping track of conversations, walking while
talking, and packing a bag). Thus, the attentional function would
appear to be important for the early detection of cognitive decline,
as this function decreases with the progression of cognitive
decline.’”

We developed a new short-term visual memory and attention
test called the Spot the Difference for Cognitive Decline (SDCD) test.
The SDCD test is a brief and simple test that uses pictures of
familiar-looking sceneries, Examinees are asked to find the differ-
ences between two scenery pictures. This test can be used in clin-
ical or community-based settings with a large population. In a
previous study, it was reported that poor visual memory predicts
the onset/progression of dementia.” The spot-the-difference task
has been used as a cognitive test in previous studies,"*'% although
its usefulness for detecting cognitive impairment had not heen
described. These spot-the-difference tasks have often been used in
memory function training for older adults with dementia in many
countries, including Japan. However, the effects of this training
have not been examined empirically. We hypothesized that the
SDCD score would be associated with cognitive function, and this
test would be able to identify community-dwelling older adults
with cognitive impairment. The purpose of the present study,
therefore, was to examine the accuracy of the SDCD test for the
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identification of cognitive impairment in community-dwelling
older adults.

2. Methods
2.1. Participants

Participants for this study were recruited through advertise-
ments in the local newspaper. A total of 443 Japanese people aged
>65 years (mean age, 73.1 5.3 years) responded. We included only
community-dwelling older adults who were able to perform their
activities of daily living independently. A screening interview was
conducted to exclude participants with severe cardiac, pulmonary,
or musculoskeletal disorders, as well as those using medications
that affect attention (e.g., psychoactive drugs or drugs prescribed
for sleep). Written informed consent was obtained from each
participant in accordance with the guidelines of the Kyoto Univer-
sity Graduate School of Medicine, Kyoto, Japan and the Declaration
of Helsinki, 1975. The study protocol was approved by the Ethics
Committee of the Kyoto University Graduate School of Medicine,

2.2. SDCD test protocol

The SDCD test uses two scenery pictures (Figs. 1 and 2) on A4
size papers. Fig. 1 is called the “first picture” and Fig. 2 the “second
picture.” There are 10 differences between the two pictures: the
shape of the chimney smoke, shape of the doorknob, height of the
fountain, shape of the mountain (seen between the house and the
fountain}, number of fruits on the tree, direction that the dog on the
right is facing, shape of the leftmost flower, shape of the child's
mouth, presence of a bird versus a butterfly, and presence of the
father's backpack. First, the examinees are instructed to memorize
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Fig. 1. First picture used in the Spot the Difference for Cognitive Decline test. The examinees were instructed to memorize the details of the picture, which was presented for 30
seconds,
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Fig, 2. Second picture in the Spot the Difference for Cognitive Decline test, This picture has 10 differences when compared with the first picture (Fig. 1). After studying the first
picture for 30 seconds, the examinees were asked to find as many of the differences between the first and second pictures as they could within 1 minute,

the details of the first picture for 30 seconds. They are also told that
there are “some” differences between the first and second pictures.
The examiners do not inform the participants that there are 10
differences in total. After showing the first picture, the examiner
takes the first picture away and shows the participants the second
picture. The examinees are then asked to find the differences in the
second picture, within 1 minute and without any hints. The number
of the correct answers is then counted to determine the SDCD
score. If the examinees' answers are close but not exactly correct
(e.g., a flower type or increase in the fruit), these answers are
marked as incorrect and not included in the SDCD score. In a sample
of 21 participants, the SDCD had a high test—retest reliability
[intertrial correlation coefficient (ICC) = 0.801; p < 0.001] between
the two measurements with a 1-week interval.

2.3. Cognitive function

Participants' cognitive function was measured by two neuro-
psychological tests: the Mini-Mental State Examination (MMSE)!”
and the Scenery Picture Memory Test (SPMT)."®

Global cognitive function was assessed using the MMSE, a
standard test used in cognitive aging research for assessing mental
status. Five areas of cognitive function—orientation, registration,
attention and calculation, recall, and language—are tested. It has 11
questions in total and a maximum possible score of 30.

The SPMT is a simple memory test that assesses visual memory
combined with verbal responses. This test uses a line drawing of a
living room in a house on an A4d-size paper, depicting 23 objects
that are commonly observed in daily life. The examinee is
instructed to look at the picture for 1 minute and remember the
items. After this encoding period, participants are given a distractor
task (a brief forward digit-span test). Participants are then asked to

recall the objects in the picture without a time limit. Recall of the
items usually takes approximately 2 minutes. The number of items
recalled is the SPMT score. Higher scores indicate a better cognitive
function.

2.4. Statistical analysis

We divided the participants into two groups (normal and
cognitive impairment groups) based on the cutoff score of the
MMSE (23/24). Differences between these two groups were sta-
tistically analyzed, using the unpaired t test for continuous vari-
ables and they? test for categorical variables, Differences between
the SPMT and SDCD scores were examined using an analysis of
variance. When a significant effect was found, the Tukey—Kramer
post hoc test was used to examine the differences. In addition, the
criterion-related validity was determined by evaluating the corre-
lation between the SDCD score and the two neuropsychological
tests using Spearman's rank correlation coefficient. Following this,
we performed a multiple logistic regression analysis to determine
whether the SDCD score was associated with cognitive impairment
independently. For this analysis, the two groups (i.e., the normal
group and the cognitive impairment group) were the dependent
variables, and the SDCD score was the independent variable. We
controlled age, gender, body mass index, medications, and the
length of education. Furthermore, a receiver-operating character-
istic (ROC) analysis was used to examine the power of the SDCD
score and determine the optimal cutoff value of the SDCD score as a
state variable, The area under the curve, sensitivity, and specificity
of the SDCD score were calculated based on the ROC curve. The
cutoff value for the SDCD score was determined based on the
optimal sensitivity and specificity. Consequently, we performed a
univariate logistic regression analysis to determine the correlation
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between the SDCD and the f{ive subtests of the MMSE (orientation,
registration, attention and calculation, recall, and language). For
this analysis, the groups formed on the basis of the cutoff value of
the SDCD were the dependent variables and each subtest of the
MMSE was the independent variable.

Data were analyzed using SPSS Statistics for Windows, version
20.0 (SPSS Inc., Chicago, IL, USA). A p value of <0.05 was considered
statistically significant.

3. Results

Of the 443 participants, 30 (6.77%) were identified as having
cognitive impairment based on an MMSE cutoff score of 23/24.
Demographic characteristics of the participants are shown in
Table 1. The normal group had a higher SDCD score (2.21 + 1.38)
than the cognitive impairment group (0.77 + 0.86; p < 0.001). The
normal group also had a higher SPMT score than the cognitive
impairment group (p < 0.001). The education level of the normal
group was also higher than that of the cognitive impairment group
(p = 0.002). There were no significant differences in age, gender,
body mass index, or the use of medication between the two groups.

The participants were reclassified into five groups according to
their SDCD scores; differences in the MMSE and SPMT scores be-
tween the groups are shown in Figs. 3 and 4. There were significant
differences in the MMSE scores (F= 15.7, p < 0.001) as well as in the
SPMT scores (F = 22.6, p < 0.001) between the five groups. Results
of the post hoc tests are shown in Figs. 3 and 4. In addition, the SDCD
scores were moderately and positively correlated with the MMSE
(r=10.333) and SPMT (r = 0.402) scores (p < 0.001). These analyses
indicated that a higher SDCD score was associated with higher
cognitive function. In the logistic regression analysis, the SDCD
score was significantly associated with cognitive impairment after
adjusting for age, gender, body mass index, medications, and the
length of education (odds ratio: 0.388; 95% confidence interval:
0.257—0.584; p < 0.001).

The ROC curve for the SDCD scores used for the identification of
cognitive impairment was based on the MMSE cutoff score (23/24).
The area under the curve was comparatively high for the SDCD
scores (0.798, p < 0,001), and the cutoff value of the SDCD score was
1/2 (with >1 being considered normal) with a 70.5% sensitivity and
80.0% specificity. A univariate logistic regression analysis showed

Table 1
Characteristics of participants with and without cognitive impairment.*

Normal Cognitive impairment  p
(1= 413, MMSE > 24, (1 = 30, MMSE < 24,
274+ 20) 224+ 1.1)
Age,y 72.9 4. 5.3 744 1 53 0.160
Female 269 (65.3%) 20 (66.7%) 1.000
BMI, kg/m? 227 431 222428 0.384
Number of 2.53 4+ 2.59 248 + 246 0.237
medications
taken, n
Education 0.002**
<By 3(0.7%) 0
69y 98 (23.7%) 17 (56.7%)
10-12y 212 (51.3%) 10 (33.3%)
>12y 100 (24.2%) 3(10.0%)
SDCD 2214 138 0,77 + 0.86 <0.001**
SPMT 13.8.£ 35 10.1 2.8 <0.001*"
Data are presented as n (%) or mean « SD.
*p < D.05.
= p <001

BMI = body mass index; MMSE = Mini-Mental State Examination; SDCD == spot the
difference for cognitive decline; SPMT == Scenery Picture Memory Test.

@ Normal and cognitive impairment groups were defined according to the MMSE
cutoff score of 23/24.
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" Fig. 3. Comparison of the MMSE scores between the groups formed based on the

SDCD scores, There were significant differences in the MMSE scores across the five
groups (F = 15.7, p < 0.001), * Significant difference from Group 0. ** Significant dif-
ference from Group 1. *** Significant difference from Group 2. MMSE = Mini-Mental
State Examination; SDCD = Spot the Difference for Cognitive Decline.

that there were significant correlations between the SDCD scores
and the four subtests of the MMSE (p < 0.05), except for the
registration subtest (refer to Table 2).

4. Discussion

We examined a new type of short-term memory and attention
test, the SDCD, which used a spot-the-difference task to identify
cognitive impairment. In the present study, we showed that the
SDCD test is a very quick and reliable screening tool for the iden-
tification of cognitive impairment in community-dwelling older
adults,

The SDCD test is moderately and positively correlated with
global cognitive and memory functions. The SPCD test includes a
“memory” phase and a “recall and name the differences” phase.
These phases require not only memory functions, but also other
cognitive functions, such as attention. Some studies in the past have
used similar spot-the-difference tasks as cognitive tests,"™'” and
only one previous study'® has investigated brain activation in a test
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Figure 4, Comparison of the SPMT results between the groups formed based on the
SDCD scores. There were significant differences in the MMSE scores across the groups
(F = 22,6, p < 0.001). * Significant difference from Group 0. ** Significant difference
from Group 1. ** Significant difference from Group 2. ™*** Significant difference from
Group 3. MMSE = Mini-Mental State Examination; SDCD = Spot the Difference for
Cognitive Decline; SPMT = Scenery Picture Memory Test.
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Table 2
Correlation between SDCD score and subtests of MMSE.*
Subtests Subtest SDCD score < 2 OR (95% CI)
(total score) score (n = 1486)
n (%)
Orientation (10) <8 20 (13.7) Reference
9 30 (20.5) 0.26 (0.11-0.62)**
10 96 (65.8) 0.21 (0.10-0.46)**
Registration (3) <2 . 4(2.7) Reference
3 142 (97.3) 0.61 (0.16-2.30)
Attention and <2 69 (47.3) Reference
calculation (5)
3 10 (6.8) 1.10 (0.47-2.59)
4 18(12.3) 1.19 (0.61-2.34)
5 49 (33.6) 0.57 (0.36—0.88)*
Recall (3) <1 22 (15.1) Reference
2 51 (34.9) 0.21 (0.09-0.50)**
3 73 (50.0) 0.13 (0.06—-0.31)™
Language (9) <7 14 (9.6) Reference
8 38 (26.0) 0.18 (0.06—0.59)**
9 94 (644) 0.12 (0.04—0.36)*
*p < 0.05.
* p <001

(I = confidence interval; MMSE = Mini-Mental State Examination; OR = odds ratio;
SDCD = spot the difference for cognitive decline.

% For each univariate logistic regression analysis, SDCD scores <2 or >2 were the
dependent variables and each subtest of the MMSE was the independent variable.

using a spot-the-difference task. Although the abovementioned
test did not include a memory phase (unlike that included in the
SDCD test), the results indicated that the brain areas related to vi-
sual information and attention was activated while carrying out the
task. Our results indicated that the SDCD was associated with most
of the subtests of the MMSE. Thus, the SDCD test appears to be
associated not only with attention and memory, but also with
global cognitive function. We need to minutely assess and inves-
tigate other cognitive functions (e.g., executive function and pro~
cessing speed) and their association with the SDCD test in future
studies.

The ROC curve for the SDCD score indicated that the SDCD test
identified cognitive impairment with a high degree of accuracy.
Previous studies have reported that some picture-based memory
tests can reliably detect dementia.’®?° These studies support the
results of the present study. Moreover, the SDCD test is able to
detect dementia in less time compared to other tests studied pre-
viously. Picture-based memory tests have some advantages over
verbal memory tests. First, pictures are remembered better than
words, a phenomenon known as the “picture superiority effect."*!
Previous studies showed that superiority of memory for pictorial
material was often applied as a mnemonic aid for older adult-
s.2%_ENREF_17. Second, picture-based memory tests are not
limited by the patient's level of education. Some verbal memory
tests cannot be used for a population that has a low level of edu-
cation.”® Most of the verbal-based screening measures have not
been validated in people with low education levels or illiterate
individuals,?*2% and it has been shown in previous studies that a
low level of education can result in cognitively unimpaired people
screening positive for dementia.** Furthermore, the SDCD test
takes only approximately 2 minutes to assess short-term memory
and attention functioning, in addition to its abovementioned
merits, In the present study, the participants took approximately 10
minutes and approximately 5 minutes to complete the MMSE and
the SPMT, respectively. The SDCD test appears as an easy game for
patients, because of the simplicity of the differences, but it is
actually quite a difficult cognitive task. It is possible that this
characteristic makes the SDCD test fun for the participants to
complete, thereby making its widespread use possible. Thus, we
believe that the SDCD test can be used to identify cognitive

impairment in older adults in a clinical or community-based
setting.

The present study has several limitations. First, although we
assessed global cognitive and memory functions with the MMSE
and the SPMT, other cognitive functions, such as executive func-
tions and processing speed, were not assessed in this study. We
need to assess these cognitive functions and investigate their as-
sociation with the SDCD test in future studies. Second, participants
in the present study were community-dwelling older adults who
had not received a diagnosis of dementia or MCl, and we did not
confirm the test—retest reliability for older adults with dementia or
MCL. In the future, we need to include older adults diagnosed with
dementia to ascertain whether the SDCD test can discriminate
between normal cognitive function and MCl in older adults.

5. Conclusion

We developed a new type of short-term merory and attention
test that uses a spot-the-difference task for the identification of
cognitive impairment. The present study indicates that the SDCD
test can be an effective clinical tool for the identification of cogni-
tive impairment in older adults.
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ABSTRACT

Background/Purpose: Measures to prevent the development of muscle mass decline should be initiated
from midlife. Flowever, 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 Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC. All rights reserved.

1. Introduction

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, Iyoto University, 53 Kawahara-cho, Shogoin,
Sakyo-ku, Kyoto 606-8507, Japan.

E-mail address: nishiguchishu82s@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 information
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 activities/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

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 m or 4 m
at their normal walking speed. Walking time was calculated using a
stopwatch to record the time taken to cover the central 10 mor 4 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 mys; 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 I,
physically inactive at both midlife and old age; Group I, physically
active at midlife, but not at old age; Group IlI, physically inactive at
midlife, but active at old age; and Group 1V, 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
@
2
I Group | Group Il
(0] =
g E
Y
-]
]
€9
E':E Group Il 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 1V = physically active at both midlife and old

age),
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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 [, I1, IIl, 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 Il
(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 [, II, I, and IV, respectively.

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 [ and II
showed a significantly slower walking speed (p < 0.01) (Table 2).
Thus participants who were physically inactive at midlife (Groups
and I1I) 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."S 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 SMis in Group Il participants and
slower walking speeds in Group II participants compared with
Group 1V, although there was no difference in muscle mass and
physical performance between Groups Il and llI. 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 I (n = 57) Group I (n = 25) Group il (n = 84) Group IV (n = 106) p Post-hoc

Age (y), mean & SD 73.6 £ 5.5 741 4 6.2 75.0 + 5.2 740 + 5.5 72.7 449 0146  —
Height (cm), mean £ SD 151.2 £ 54 1511 4 5.2 1539+ 54 1509 + 4.8 150.7 £ 5.9 0.088 —
Weight (kg), mean + 5D 49.7 1 7.5 48.8 + 6.9 51.7 + 84 495 7.6 499:£73 0.459 —

BMI (kg/m?), mean : SD 217 429 214427 21.7 4 2.8 217 £ 3.0 22.0 £ 28 0.653 —

SMI (kg/m?), tmean & SD 6.11 £ 092 5.85 £ 0.92 6.14 -+ 0.82 6.00 + 1.08 6.35 + 0.87 0.004 i
Walking speed (m/s), mean = SD 1.35: 0.25 1.30 +: 0.25 1.27 + 027 1.34 4+ 023 1.41 + 0.26 0.010 i

HGS (kg), mean i SD 221 £ 6.7 213435 214+ 75 2224102 22,5+ 68 0.672 —
Sarcopenia, 1 (%) 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 If == 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; BMI = body mass index; HGS = hand grip strength; SMI = skeletal muscle mass index.

*Significant difference between Group IV and Group | (p < 0.01).
**Significant difference between Group 1V and Group Iil (p < 0.05).
ISignificant difference between Group 1V and Group I (p < 0.05).
iSignificant difference between Group 1V and Group H (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% CI Adjusted
R? value R? value
SMI Q.05 035
Group | ~0.22 -0.80 to ~0.21" ~0.16 ~0.61 ta <0117
Group 1l -0,06 ~0.62 to 0.21 ~0.03 ~0.48 to 0.24
Group i -0.18 ~0.61 to -0.09” -0.15 ~0.50 to ~0.07"
Group IV Reference Reference
Walking speed 0.05 0.17
Group | -0.18 ~0.19 to ~0,03" ~-0.17 ~0.19 to —0.03"
Group Il -0.18 ~0.28 to -0,05" ~0.14 ~0.24 to -0.02"
Group [lI ~0.12 ~0.14 to 0.01 ~0.09 -0.12 to 0.02
Group IV Reference Reference
HGS 001 0.07
Group | -0.08 -347 to 0,93 -0.06 -3.16 to 1.30
Group 11 -0.06 ~4.51 to 1.66 ~0.03 ~-3.93 to 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 Ul = physically active at midlife,

but not at old age; Group I = physically inactive at midlife, but active at old age; Group IV

Cl = confidence interval; HGS = hand grip strength; SMI = skeletal muscle mass index.

*p < 0.05.
“p < 001

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 items
addressing the continuance and intensity of physical activity; and
(3) the present stucy 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%3 The evidence-based clinical effect of physical activity
on the prevention of 511copema 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.
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= physically active at both midlife and old age; ) = standard regression coefficient;

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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ABSTRACT

Objectives: Frailty in older adults is a serious problem because of various adverse health outcomes in
many countries with aging populations, such as Japan. The purpose of this study was to determine
whether frailty and pre-frailty are associated with coguitive decline and sarcopenia in community-
dwelling older adults.
Design: This is a cross-sectional study.
Setting: Japan.
Participants: The participants were 273 Japanese community-dwelling older women aged 65 years and
older.
Measurements: We used the frailty criteria developed by the Cardiovascular Health Study to define
physical frailty. We divided the cohort into nonfrail, prefrail, and frail according to frailty scores.
Cognitive decline and memory decline were defined by using the Mini-Mental State Examination and
Scenery Picture Memory Test, respectively. Sarcopenia was defined according to the diagnostic algorithm
recommended by the Asian Working Group for Sarcopenia.
Results: In the multivariate logistic regression analysis by using non-frail participants as the reference,
pre-frail elderly individuals were significantly more likely to have sarcopenia than non-frail elderly in-
dividuals [odds ratio (OR): 2.77, 95% confidence interval (CI): 1.05-9.26], but not cognitive decline or
memory decline. Frail elderly individuals were significantly more likely to have cognitive decline (OR:
5.76, 95% Cl: 1.20—27.6), memory decline (OR: 5.53, 95% Cl: 1.64—18.7) and sarcopenia (OR: 19.1, 95% CI:
3.73—98.0) than non-frail elderly individuals.
Conclusions: Sarcopenia was associated with pre-frailty and frailty, whereas cognitive decline was
associated only with frailty.

© 2015 AMDA — The Society for Post-Acute and Long-Term Care Medicine.

Frailty in older adults is a serious concern in countries with aging
populations, such as Japan. In general, frailty is defined as a vulner-
able state that places older adults at high risk for adverse health
outcomes, such as falls, hospitalization, and mortality.* Using the
frailty criteria developed by the Cardiovascular Health Study, the
overall prevalence of frailty in community-dwelling adults aged 65 or
older in the United States has been found to range from 7% to 12% and
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was greater in women than in men.! In Japanese, the prevalence of
frailty in community-dwelling adults aged 65 or older was 11.3%, and
it increased with aging.? Frail older adults are considered to have a
substantially increased risk of disability, dependency, and need for
long-term care insurance. Therefore, prevention and early detection
of frailty is important for addressing age-related health care issues.
The causes of frailty are not clearly defined, but it has been sug-
gested that age-related physical changes are the main causes of
frailty Sarcopenia, defined as progressive loss of skeletal muscle
mass, strength, and physical function, is regarded as a key component
of physical frailty>® The Interventions on Frailty Working Group
assessed various methods for screening, recruiting, evaluating, and
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retaining frail elderly individuals in clinical trials.” They reported that
most researchers focused on the following domains when identifying
physical frailty: mobility, such as lower-extremity performance and
gait abnormalities; muscle weakness; poor exercise tolerance; un-
stable balance; and factors related to body composition, such as
weight loss, malnutrition, and muscle loss.” Age-dependent loss of
skeletal muscle mass is a multifactorial process; contributing factors
include physical inactivity, malnutrition, oxidative stress, changes in
endocrine function, and increases in inflammatory cytokines.S Thus,
the domains of frailty overlap with the factors related to sarcopenia,
and both frailty and sarcopenia mutually result in adverse health
outcomes.>®

Of note, some definitions of frailty include cognitive function and
dementia*® Several cross-sectional studies have reported an associ-
ation between physical frailty and cognitive function.*”?% In addi-
tion, longitudinal studies have revealed that a higher level of physical
frailty is associated with increased risk of incident Alzheimer's dis-
ease (AD)'! and mild cognitive impairment.'® It has been indicated
that frailty is associated with AD pathology"® and its biological
mechanisms.® However, not all dementia patients become frail;
therefore, the association between frailty and cognitive impairment
warrants further study.

Frailty is associated with sarcopenia and cognitive decline. Fur-
thermore, frailty has been considered to include other aspects, such
as psychosocial issues and comorbidities.”® However, it is unclear
whether the associations between frailty and cognitive decline as
well as between frailty and sarcopenia are different according to the
level of frailty. Therefore, the purpose of this study was to determine
whether frailty and prefrailty are associated with cognitive decline
and sarcopenia in community-dwelling older adults,

Methods
Participants

Participants for this study were recruited through the local press;
273 Japanese women aged 65 years and older (mean age 73.0 4 5.4
years) responded. We included community-dwelling older adults who
were independent in activities of daily living. Participants were inter-
viewed and excluded if they met any of the following criteria: severe
cardiac, pulmonary, or musculoskeletal disorders; severe neurologic
disorders, such as Parkinson disease and stroke; and participation in
Japan’s long-term care service. The following data were collected from
each participant: age, height, weight, and number of medications
being consumed.

Written informed consent was obtained from each participant in
accordance with the guidelines approved by the Kyoto University
Gracluate School of Medicine and the Declaration of Human Rights,
Helsinki, 1975. The study protocol was approved by the ethical
committee of the Kyoto University Graduate School of Medicine.

Assessment of Frailty

We measured physical frailty domains determined in a previous
study> As in that study, we considered the frailty phenotype to be
characterized by limitations in the following 5 domains by using frailty
criteria developed by the Cardiovascular Health Study': slowness,
weakness, exhaustion, low activity, and shrinking. To measure slow-
ness, each participant’s 10-m normal walking speed (m/s) was calcu-
lated, and a slow walk was defined as <1.0 m/s. To measure weakness,
low grip strength was established according to a sex-specific cutoff of
the average grip strength in each arm (women: <17 kg). Exhaustion
was assessed via self-report by using the Geriatric Depression Scale'®
(ie, exhaustion was defined as a negative [“no”] answer to the

question “do you feel full of energy?)” We evaluated the role of physical
activity by asking the following questions about time spent engaged in
sports and exercise: (1) “Do you engage in moderate levels of physical
exercise or sports aimed at health?” and (2) “Do you engage in low
fevels of physical exercise aimed at health?” If a participant answered
“no” to both of these questions, then we considered their physical
activity to be low. Shrinking was established according to self-reports
of weight loss in response to the following question: “In the past 2
years, have you lost more than 5% of your body weight irrespective of
intent to lose weight?" If a participant answered “yes” to this question,
then we considered them to have shrunk. We calculated the number of
affected domains and classified participants as follows: prefrailty = 1
or 2, frailty >3.!

Measurement of Cognitive Function

Participants’ cognitive function was measured by using 2 neuro-
psychological tests: the Mini-Mental State Examination (MMSE)!”
and the Scenery Picture Memory Test (SPMT).!8

Global cognitive function was assessed by using the MMSE, a
standard test in cognitive aging research to assess mental status. The
MMSE tests 5 areas of cognitive function: orientation, registration,
attention and calculation, recall, and language. It has 11 questions ancd
a possible maximum score of 30. We divided the participants into a
normal or a cognitive decline group based on a cut-off of 23/24 as the
MMSE score!?

The SPMT is a simple memory test that assesses visual memory
combined with verbal responses. This test uses a line drawing of a
living room in a house with 23 objects commonly observed in daily
life on an A4 piece of paper. The examinee is instructed to look at the
picture for 1 minute and remember the items. After this encoding
period, participants are distracted by completing a brief digits for-
ward test. Participants are then asked to recall the objects in the
picture without a time limitation. The recall usually takes approxi-
mately 2 minutes. The number of items recalled is the score for the
SPMT, We divided the participants into a normal or memory decline
group based on a cut-off of 9/10 as the SPMT score.”®

Definition of Sarcopenia

We defined sarcopenia by using the diagnostic algorithm re-
commended by the Asian Working Group for Sarcopenia, which
assesses the presence of both low muscle function (low physical
performance or low muscle strength) and low muscle mass?® A
bioelectrical impedance data acquisition system (Inbody 430; Bio-
space Co, Ltd, Seoul, Korea) was used to perform bioelectrical
impedance analysis.! This system uses electrical current at multiple
frequencies (5, 50, 250, 500, and 1000 kHz) to directly measure the
amount of extracellular and intracellular water. Participants stood
on 2 metallic electrodes and held metallic grip electrodes. Using
segmental body composition, appendicular skeletal muscle mass was
determined and used for further analysis. Skeletal muscle mass index
(SMI) was calculated by dividing muscle mass by height squared in
meters (kg/m?). This index has been used in several epidemiological
studies”®?3 If a participant had both low muscle function (slow
walking speed, <0.8 m/s; low grip strength for women, <18 kg) and
low SMI (low muscle mass for women, <5.7 kg/m?), then they were
defined as having sarcopenia.?

~

Statistical Analysis

Prior to the analysis, we classified participants into the following
3 groups according to their frailty score: nonfrailty, prefrailty, and
frailty. Differences in the demographic variables, MMSE, SPMT, and
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Table 1

Demographic Differences According to Frailty Scores

Total {n = 273) Frailty Level P for Trend Post-hoc
Nonfrailty (n == 89) Prefrailty (n = 155) Frailty (n = 57)

Age(y) 73.0 & 5.4 73.1 £ 4.6 72.3 1 5.6 76,6 4: 5.1 <001} a,b
BMI (kg/m") 22.5 1 3.2 22,21 3.0 227 433 2194 3.8 291 —_
Medications 2.32 1 2.24 2,18 :1:2.35 2.23 2,10 3.27 4 2,55 072 -
Walking speed (m/s) 140 1: 020 143 :: 018 141 :: 0,20 1.21 4 0.20 <001 a,b
Grip strength (kg) 224 140 234 & 34 226+ 3.8 183 1 4.1 <001 a,b
Cognitive decline (n) 18 (6.56%) 4 (4.49%) 9 (5.81%) 5 (8.77%) 047"
Memory decline (n) 20 (7.33%) 6 (6.74%) 4 (2.58%) 10 (17.5%) <.001
Sarcopenia (n) 22 (8.06%) 2(2.25%) 9 (5.81%) 11 (19.3%) <,001'

AWGS, Asian Working Group for Sarcopenia; BMI, body mass index.

Nonfrailty was defined as frailty score of 0, prefrailty was scove 1 or 2, frailty was score 3 or greater,

Cognitive decline was defined as the cut-off of MMSE score (23/24).
Memory decline was defined as the cut-off of SPMT score (9/10).
Sarcopenia was defined by using the AWGS-recommended diagnostic algorithm,
a, significant difference between frailty and nonfrailty (P < .01).
b, significant difference between score frailty and prefrailty (P < .01).
P < .05,
p < .01.

SMI among the 3 groups were examined by using the analysis of
variance. When a significant effect was found, differences were
determined with the Tukey-Kramer post-hoc test. Differences in the
prevalence of cognitive decline, memory decline, and sarcopenia
among the 3 groups were evaluated by using the x? test. In addition,
multivariate logistic regression analyses, adjusted for age, body mass
index, and medications, were performed to determine whether
physical frailty was associated with cognitive decline, memory
decline, or sarcopenia. For this analysis, cognitive decline, memory
decline, and sarcopenia were dependent variables, whereas the 3
frailty groups (dummy coded with non-frailty group as the reference
group) were independent variables. Subsequent multivariate logistic
regression analyses were performed to determine the independent
association between each level of frailty and the risk of cognitive
decline or sarcopenia. In these subsequent analyses (adjusted for age

A o

MMSE score

Frailty

Pre-fraiity
Frailty level

SV {kg/m?)

Pro-frailty
Frailty level

Frailty

and medications), the frailty groups were the dependent variables,
and cognitive decline and sarcopenia were independent variables.
Odds ratios (ORs) with 95% confidence intervals (CI) were presented.
Statistical analyses were carried out by using SPSS Statistics for
Windows, version 20.0 (SPSS Inc, Chicago, IL), with a significance
threshold of 0.05.

Results

Demographic data for participants stratified by frailty group are
shown inTable 1. There were 89 participants (32.6%) in the nonfrailty
group, 155 participants (56.8%) in the prefrailty group, and 29 par-
ticipants (10.6%) in the frailty group. Analysis of variance showed that
there were significant differences in age, walking speed, and grip
strength among the 3 groups (Table 1). In the ¥* test, there were

B R

16 bl

15

14

13

SPMT score

Pre-fraiity Frailtty

Fraiity level

HNon-fraily

Fig. 1. Comparison of the MMSE, SPMT, and SMI between the groups according to the level of frailty. (A) There were significant differences in the MMSE scores between the 3 groups
(F =678, P=.001). (B) There were significant differences in the SPMT scores between the 3 groups (F = 18.5, P < .001). (C) There were significant differences in the SMI between the

3 groups (F = 517, P = .006). *P < .05, ™*P < .01
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Table 2
Relationship Between the Level of Frailty and Cognitive Decline, Memory Decline, and Sarcopenia
Frailty Level Cognitive Decline Memory Decline Sarcopenia
OR (95% CI) P OR (95% CI) P OR (95% CI) P
Nonfrailty 1 [Reference] - 1 [Reference] - 1 [Reference] -
Prefrailty 1.79 (0.47—6.84) 394 0.37 (0.10—1.36) 134 2.77 (1.05-9.26) .044°
Frailty 5.76 (1.20-27.6) .029° 5.53 (1.64-18.7) 006 19.1 (3.73-98.0) <.0017

The analyses for cognitive decline and memory decline were adjusted for age, BMI, and medications.

The analysis for sarcopenia was adjusted for age and medications.
*P < .05.
P <.01.

significant differences in the prevalence of cognitive decline, memory
decline, and sarcopenia (Table 1). In addition, the frailty group had
significantly lower MMSE (F = 6.78, P = .001, Figure 1, a) and SPMT
(F = 18.5, P < .001, Figure 1, b) than the nonfrailty and prefrailty
groups, and lower SMI (F = 5.17, P = .006, Figure 1, ¢) than the non-
frailty group.

Eighteen participants (6.6%) had cognitive decline, 20 participants
(7.3%) had memory decline, and 23 participants (8.4%) had sarcope-
nia. In the multivariate logistic regression analysis after adjustment
for age, body mass index, and medications, by using nonfrailty group
as the reference, the prefrailty group was significantly more likely
to have sarcopenia (OR: 2.77, 95% Cl: 1.05-9.26, P = .044) but not
cognitive decline or memory decline (Table 2). The frailty group was
significantly more likely to have cognitive decline (OR: 5.76, 95% Cl:
1.20-27.6, P = .029), memory decline (OR: 5.53, 95% Cl: 1.64—18.7,
P = .006), and sarcopenia (OR: 19.1, 95% CI: 3.73-98.0, P < .001)
(Table 2).

In the logistic regression analysis in which the frailty groups
were the dependent variables and cognitive decline and sarcopenia
were independent variables, cognitive decline was independently
only associated with a frailty score of >3 (OR: 3.73, 95% Cl: 1.23—114,
P = .020), whereas sarcopenia was independently associated with
both prefrailty (score >1; OR: 5.33, 95% Cl: 1.22—23.3, P =.026) and
frailty (score >3; OR: 13.1, 95% CI: 4.98—-34.2, P < .001). These asso-
ciations remained significant after adjustment for age and medica-
tions (Table 3).

Discussion

The results of this study showed that frailty (defined as frailty
score >3) was associated with cognitive decline, memory decline, and
sarcopenia, and that prefrailty (frailty score = 1 or 2) was associated
with only sarcopenia. It is a new and interesting finding that there
were differences in the association between physical frailty and
cognitive decline, memory decline, and sarcopenia according to level
of frailty.

In this study, we showed that frailty, but not prefrailty, was
associated with cognitive decline and memory decline. Our results

Table 3

also showed that frailty and prefrailty were associated with sarco-~
penia, in contrast to cognitive and memory decline. In Japanese,
multicenter, population-based studies, the prevalence of dementia
was not high among those aged 65—74 years (less than 10%), but
was higher among those aged 75 years and older.?* The prevalence
of sarcopenia exhibited the same tendency, with the prevalence
rising among those aged 75 years and older.>>?% Thus, older adults
(particularly those 75 and older) are prone to both cognitive im-
pairment and sarcopenia. However, low physical performance, low
physical strength, and the decrease of muscle mass, which overlap
with both sarcopenia and frailty, can be found from middle age.2’-29
Thus, as shown in the results of this study, it is possible that sarco-
penia is associated with frailty at an earlier stage than is cognitive
impairment, and that sarcopenia is affected more by frailty than is
cognitive impairment.

A recent study investigated the association of physical frailty and
pre-frailty with dementia and cognitive impairment.®® In that study,
physically frail older adults were over 4 times more likely to have AD,
and 8 times more likely to have cognitive impairment than robust
older adults were. Prefrail older adults showed an increased risk for
dementia in the aforementioned study, but some estimates were not
statistically significant in the fully adjusted models.3® The results of
that study were consistent with our study. Previous studies indicated
that frailty is associated with AD pathology®® and biological me-
chanisms* such as diffuse neuritic plaques, oxidative stress, and
inflammation, It is also possible that frailty and AD share common
lifestyle risk factors, such as physical inactivity and smoking, that lead
to their pathophysiology, which contributes simultaneously to phys-
ical frailty and AD.® On the other hand, it has been indicated that
comorbidities caused by cognitive impairment were also associated
with frailty in patients with AD or mild cognitive impairment.3' Thus,
itis likely that these associations interact with one another, leaving the
causal association between physical frailty and cognitive decline un-
clear. Further studies are required to understand these associations.

Definitions of frailty and sarcopenia overlap, and sarcopenia is
considered one of the core symptoms of physical frailty.>® The causal
mechanisms underlying sarcopenia can be oxidative stress, dysre-
gulation of inflammatory cytokines and hormones, malnutrition,

Independent Relationship Between Each Level of Frailty and Cognitive Decline or Sarcopenia

Domains  Univariate Analysis Multivariate Analysis
Frailty Score Frailty Score
<1 <2 <3 <1 <2 <3
OR (95% CI) P OR (95% CI) P OR (95% CI) OR (95% CI) P OR (95% Cl) P OR (95% CI) P
Co;;nitive 1.76 (0.56—-5.51) .331 1.43(0.54-3.84) 473 3.73(1.23~114) .020" 2.48 (0.68-9.07) .168 1.63 (0.56—4.72) 371 4.61(1.27-16.8) .020°
decline

Sarcopenia 5.33 (1.22—23.3) .026% 9.07 (3.22-25.5) <.001° 13.1(4.98-34.2) <.001° 547 (1.21-24.6) .027° 8.75(3.00~25.5) <.001' 10,0 (3.40-29.6) <.001!

The multivariate analyses were adjusted for age and medications,
*P < 05,
tp < .01
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physical inactivity, and muscle apoptosis, all of which have been hy-
pothesized to contribute to frailty through interactive pathways. %>
Recently, the definition of sarcopenia has been the coexistence of
Jow muscle mass and low physical performance’*** which are
contained in frailty domains. Thus, the association of sarcopenia with
even prefrailty seems reasonable. Overlapping intervention strategies
(eg, nutritional supplementation and exercise) may be required to
prevent both frailty and sarcopenia.

During recent years, the definition of frailty has been changing.
Frailty has been considered to include other aspects, for instance social
aspects and comorbidities.”” In addition to these aspects, poor cogni-
tion needs to be included in the definition of frailty, as shown in
previous studies*® and by this study. Furthermore, this study indi-
cated that poor cognition was associated with frailty and that sarco-
penia was associated even with prefrailty. The results indicate that we
need to understand the consecutive mechanism as well as the asso-
ciation of prefrailty and frailty with cognitive decline, sarcopenia, and
other adverse health outcomes. Interventions may need to be tailored
to the level of frailty to effectively prevent various functional declines.
Future studies should investigate these intervention strategies.

There were several limitations to this study. First, the cross-
sectional design prevented us from establishing causal associations
between frailty and cognitive decline or sarcopenia. Second, the
findings in this study should be considered preliminary owing to the
relatively small sample size, which may introduce some error of
inference, reduce the power of analysis, and limit generalization.
Third, the design of this study was not a population sampling, and
participants in this study were independent in activities of daily
living. This may lead to an underestimation of the prevalence of
frailty, cognitive decline, and sarcopenia, as the participants were
relatively healthy elderly persons.

In conclusion, our results indicate that there were differences
in the association between physical frailty and cognitive decline,
memory decline, and sarcopenia according to the level of frailty.
Cognitive decline and memory decline were associated with frailty.
Sarcopenia was associated with prefrailty and frailty. Further studies
are required to understand these associations including biological
mechanisms.
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Arterial Stiffness Predicts Cognitive Decline in Japanese Community-
dwelling Elderly Subjects: A One-year Follow-up Study
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Aim: The purpose of this study was to determine whether arterial stiffness can be used to predict
onie-year changes in the cognitive function in Japanese community-dwelling eldetly subjects.
Methods: A total of 103 Japanese community-dwelling elderly patients joined this study. Information
regarding the age, height, weight, gender and past medical history of cach participant was obtained.
Additionally, arterial stiffness was determined according to the cardio-ankle vascular index (CAVI),
and the cognitive function was assessed with the Mini-Mental State Examination (MMSE). One year
later, we performed the MMSE in the same subjects. After dividing the cohort according to the 80th
percentile of the CAVI (normal and arterial stiffness [AS] groups), we examined whether the degree
of cognitive decline, as determined using the pre- and pose MMSE, was significantly different based
on the severity of arterial stiffness, adjusted for age, BMI, gender and the pre-MMSE scores.

Results: Of the 103 subjects who participated in the pre-data collection, 74 (38 men and 36 women,
73.4%4.0 years) joined the post-data collection. We found a significant difference in the change in
the post-MMSE scores between the normal and AS groups (pre-MMSE: normal group [27.4%2.1]
and AS group [26.9=2.4] and post-MMSE: normal group [27.2+2.1] and AS group [25.5+2.3],
F=5.95, p=0.02). For cach domain of the MMSE, the changes in MMSE-attention-and-calculation
(F=5.11, p=0.03) and MMSE-language (F=4.32, p=0.04) were significantly different according to
an ANCOVA.,

Conclusions: We found that arterial stiffness predicts cognitive decline in Japanese community-dwell-
ing elderly subjects regardless of the initial level of the global cognitive function. This finding indi-
cates the potential use of the degree of arterial stiffness as an indicator for preventing or delaying the

onset of dementia in the elderly.

J Atheroscler Thromb, 2014; 21:000-000.

Key words: Arterial stiffness, Cognitive impairment, Elderly, Dementia

Introduction

Dementia is a serious issue, especially in commu-
nity-dwelling elderly subjects”. Thirty-five million
people worldwide suffered from dementia in 2012
according to the World Health Organization. Approx-
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imately 48% of patients with Alzheimer’s disease
(AD), the most common form of dementia, are esti-
mated to live in Asia, and this percentage is expected
to increase to 59% by 2050%. Elderly people with
dementia are typically frail due to their poor mobility
and body composition, and the transitional stage
between normal aging and AD, called mild cognitive
impairment (MCI), results in frailty®, depression®,
lower levels of physical activity” and higher mortal-
ity”. Preventing cognitive decline is therefore crucial.
Of risk factors for cognitive decline, cardiovascu-
lar risk factors have received more attention in recent
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yeus 7. High blood pxessurc , dyslipidemia®, obe-
sity? ) and diabetes mellitus? have been proposed to be
risk factors for cognitive decline. Among these factors,
arterial stiffness is a comparatively casy-to-modify risk
factor in community-dwelling elderly subjects. Mad-
den et al. reported that three months of aerobic train-
ing reduces the degree of multifactorial arterial seiff-
ness without generating any significant improvements
in aerobic fitness, weight, BMI, waist-to-hip ratio or
blood pressure in community-dwelling older individu-
als'”. Additionally, previous studies have demon-
strated the effectiveness of antihypertensive agents in
improving arterial stiffness in both short- and long-
term trials'”. Community-dwelling elderly can
improve their arcerial stiffness; therefore, focusing on
treating arterial stiffness may be effective for prevent-
ing cognitive decline.

Most older adults with MCI live in the commu-
nity, and more than half of MCI cases progress to
dementia within five years'”. Therefore, a desired goal
is the carly detection of cognitive decline, especially in
the community-dwelling elderly. When evaluating the

degree of arterial stffness in community-dwelling
y- g

cldexly subjects, the most imporcant property is the
case of measurement. Arterial stiffness is one of the
most easily measured vascular risk factors in commu-
nity-dwelling elderly patients due to its non-invasive
nature; therefore, it can be used as a predictor of cog-
nitive decline in this population. Previous studies have
also shown arterial stiffness to be a predictor of cogni-
tive decline. However, the subjects in these studies
were not clderly individuals living in the commu-
nity" " Additionally, other authors have reported
that they were unable to validate arterial stiffness as an
independent risk factor for cognitive decline, as mea-
sured according to the global cognitive function using
the Mini-Mental State Examination (MMSE)'"7,
Yamamoto ez al. reported a relationship between the
cognitive function and arterial stiffness determined
according to the CAVI in community dwelling

elderly™, although the mean age was approximately
80 years, which is a bit high considering the mean age
of community-dwelling eldetly individuals in Japan. It
may be more important to focus on healthier and
younger older adults when discussing community-
dwelling elderly'®. The efficacy of arterial stiffness as a
predictor of cognitive decline, especially in commu-
nity-dwelling elderly patients, is less well investi-
gated?,

The purpose of this study therefore was to
address whether the degree of arterial stiffness can be
used to predict one-year changes in the cognitive func-
ton in Japanese community-dwelling elderly subjects.

Accepted for publication: October 31, 2014
Published online: December 20, 2014

We used the CAVI to assess arterial stiffness, as this
parameter was found to significantly correlate with
cognitive decline in a cross-sectional study'® 19,

Methods

Participants

Participants were recruited for this study through
local press that requested healthy community-dwelling
volunteers 65 years of age or older, and data collection
was performed on two occasions: November 2012
(pre-data collection) and November 2013 (post-data
collection). Interviews were conducted to exclude par-
ticipants from both data collections based on the fol-
Jowing exclusion criteria: severe cardiac, pulmonary or
musculoskeletal disorders; comorbidities associated
with a higher risk of falls, such as Parkinson’s disease
or stroke; and the use of psychotropic drugs. Written
informed consent was obtained from each participant
in accordance with the guidelines approved by the
Kyoto University Graduate School of Medicine and
the Declaration of Human Rights, Helsinki, 1995
during both data collection periods. The study proto-
col was approved by the ethics committee of Kyoto
University Graduate School of Medicine.

Measurements— Pre-data Collection
Demographic Data

Each patient’s age, height, weight, gender, past
medical history (cardiovascular disease, hypertension,
diabetes mellitus and hyperlipidemia), smoking status
(number of cigarettes smoked per day and total num-
ber of years smoked) and educational background
(elementary school, junior high school, high school,
career college or university) were obtained as demo-
graphic data. All data were collected at the first data
collection time point. We directly asked about each
participant’s age and gender and measured their height
and weight using standardized height and weight
scales.

Avrterial Stiffness

The degree of arterial stiffness was determined
based on the CAVI using the VaSera-1500 device
(Fukuda Denshi Co., Ltd., Tokyo, Japan). The details of
this procedure have been described previously?” 2V,
After the participants had rested for five minutes in
the sitting position, we obtained these measurements
as previously described. Higher CAVI values indicate a
higher degree of arterial stiffness. The measurements
were obrained once, and the mean values of the right
and left CAVI scores for each patient were used for the
analysis'”.
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Table 1. Baseline characteristics and post-MMSE scores in the study population

All (n=74)
Normal group AS group
n=59 n=15 /

Demographic data

Age, year 72.8+3.8 76.1%3.6 <0.01

BMI, kg/m2 23.2+2.6 23.2+3.2 0.99

Gender, male 28 (47.5%) 10 (66.7%) 0.25
Mean CAVI 8.83+0.61 10.6%0.51 <0.01
Cognitive function

Pre-MMSE 27.4%2.1 269%2.4 0.40

Post-MMSE 27.2%2.0 25.5%2.3 <0.01

Pre-MMSE (orientation) 9.6%0.6 9.7%0.5 0.89

Post-MMSE (orientation) 9.7+0.7 9.7+0.5 0.89

Pre-MMSE (registration) 29+0.4 3.0+0.0 0.53

Post-MMSE (registration) 2.9+03 3.0+0.0 0.49

Pre-MMSE (attention and calculation) 32%1.7 29+1.8 0.55

Post-MMSE (attention and calculation) 34%1.7 2315 0.03

Pre-MMSE (recall) 2.6%0.6 24%0.8 0.30

Post-MMSE (recall) 2.5%0.6 2.4%0.7 0.69

Pre-MMSE (language) 8.9+0.3 8.9%0.4 0.73

Pose-MMSE (language) 8.7+0.5 82+1.3 0.15
Comorbidities

Cardiovascular disease 6 (10.2%) 4 (26.7%) 0.11

Hypertension 23 (39.0%) 8 (53.3%) 0.39

Diabetes mellitus 5 (8.5%) 4 (26.7%) 0.08

Hyperlipidemia 9 (15.3%) 2 (13.3%) .00
Brinkman index 0 (0-800) 0 (0-400) 0.63
Educational background n.s.

Elementary school 0 (0.0%) 1 (6.7%)

Junior high school 16 (27.1%) 4 (26.7%)

9 (60.0%)
0 (0.0%)
1 (6.7%)

35 (59.3%)
3 (5.1%)
5 (8.5%)

High school
Career college
University

Mean CAVI=mean value of the right and lefe CAVI scores. The mean = SD is shown for age, BMI, mean CAVI and pre- and post
MMSE. n (%) is shown for gender, cardiovascular disease, hypertension, diabetes mellitus, hyperlipidemia and educational back-
ground. The median (25% quartile-75% quartile) is shown for the Brinkman index. AS: arterial stiffniess; n.s.: nor significant.

Cognitive Function Measurements Measurements— Post-data Collection

The cognitive function was assessed using the
Mini-Mental State Examination (MMSE)*?. The
MMSE is a short screening test that consists of the
following five areas for detecting cognitive impair-
ment: orientation, registration, attention and calcula-
tion, recall and language. The scores range from 0 to
30, with higher scores indicating better cognitive per-
formance. The MMSE was performed at both the pre-
and post-data collection time points.

Cognitive Function Measurements

One year later, the cognitive function was also
assessed using the MMSE?. We performed the MMSE
using the same inclusion and exclusion criteria as that
used at the pre-data collection time point.

Statistical Analysis

The patients were divided into two groups based
on the 80th percentile of the CAVI values: the normal
and acterial stiffness [AS] groups. We analyzed the dif-
ferences between these two groups using the unpaired
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Fig. 1. Two-way analysis of variance showing the differences in the changes in the post-
MMSE scotes between the normal and AS groups. These findings indicate that the
elderly subjects in the AS group experienced greater cognitive decline than those in

the control group (F=5.95, p=0.02).

t-test for age, body mass index (BMI), mean CAVI
values on both sides and the pre- and post-MMSE
scores (total score and scores for each domain), the x*
test for gender, past medical history and educational
background and the Mann Whitney U-test for the
Brinkman index (number of cigarettes smoked per day
x total number of years smoked). A repeated measures
two-way analysis of covariance (ANCOVA) was used
to analyze whether the degree of cognitive decline
determined according to the pre- and post-MMSE
scores (total score and scores for each domain) differed
significantly according to the severity of arterial stiff-
ness, adjusted for age, BMI, gender and the pre-
MMSE score. A p value of <0.05 was considered to
be statistically significant for all analyses.

Resulis

In rotal, 74 individuals (38 men and 36 women,
73.4%4.0 years) participated in both data collection

events. Of these individuals, none were excluded. We
assigned 59 elderly individuals (28 men and 31
women) to the normal group and 15 (10 men and five
women) to the AS group. Table 1 shows the differ-
ences in each variable between the two groups. While
there were no significant differences in BMI, gender,
pre-MMSE, educational background or past medical
history, we found significant differences in age (p<
0.01) and the mean CAVI values (»<0.01). Addition-
ally, the normal group had a significantly higher total
post-MMSE scores (normal group: 27.2+2.1, AS
group: 25.5%2.3, p<0.01) and higher post-MMSE
scores for the attention-and-calculation domain (nor-
mal group: 3.4%1.7, AS group: 2.3+1.5, »=0.03)
than the AS group.

The ANCOVA adjusted for age, BMI, gender
and pre-MMSE showed a significant difference in the
changes in the post-MMSE scores between the normal
and AS groups (F=5.95, p=0.02) (Fig. 1), indicating

that elderly individuals with a higher degree of arterial
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Fig.2. Two-way analysis of variance showing the differences in the changes in the post-

MMSE (attention and calculation) scores between the normal and AS groups.

These findings indicate that the elderly subjects in the AS group experienced
3 y ] 4 p

greater cognitive decline than those in the control group (F=5.11, p=0.03).

stiffness may experience greater levels of cognitive
decline, even after adjusting for age, BMI, gender and
the pre-MMSE score. Additionally, the changes in the
MMSE-attention-and-calculation (#=5.11, »=0.03)
(Fig.2) and MMSE-language (F=4.32, p=0.04)
(Fig. 3) domains were shown to be significantly differ-
ent according to the ANCOVA. The other areas did
not show any differences between the two groups (ori-
entation; F=0.27, p=0.60: registration; F=2.69, p=
0.11, recall; F=0.16, p=0.69).

Discussion

In this study, we analyzed whether the degree of
cognitive decline differs significantly according to the
severity of arterial stiffness, adjusted for age, BMI,
gender and the cognitive function at baseline and at
the one-year follow-up. Consequently, we found that
arterial stiffness predicts cognitive decline in Japanese
community-dwelling elderly subjects, regardless of the
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initial level of the global cognitive function. Previous
studies have demonstrated that arterial stiffness has a
predictive effect on cognitive decline in the non-com-
munity-dwelling elderly > '®; however, few reports
have found arterial stiffness to be a predictor of cogni-
tive decline in this group.

There are hypotheses regarding pathways linking
arterial stiffness and cognitive decline, wherein aug-
mented pressure pulses penetrate and damage small
cerebral vessels in the global brain®. Brain lesions,
such as ischemic lesions and white matter abnormali-
ties resulting from augmented pressure, are thought to
cause cognitive decline, thereby leading to demen-
tia®?, The augmented pressure caused by arterial stiff-
ness independently predicts cognitive performance®,
and many previously published studies evaluating the
association between arterial stiffness and the cognitive
function have discussed the causal relationship with
this phenomenon ! 171829,

Several studies have examined whether the sever-



