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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 memory. 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 functions (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 been
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

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 A4-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 five 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
(n =413, MMSE > 24, (n = 30, MMSE < 24,
274 +2.0) 224+ 1.1)
Age, y 729+ 53 744+ 53 0.160
Female 269 (65.3%) 20 (66.7%) > 0.99
BMI, kg/m? 22,7 £ 3.1 222428 0.384
Number of 2.53 +2.59 2.48 + 2.46 0.237
medications
taken, n
Education 0.002**
<6y 3(0.7%) 0
6-9y 98 (23.7%) 17 (56.7%)
10-12y 212 (51.3%) 10 (33.3%)
>12y 100 (24.2%) 3(10.0%)
SDCD 221+ 138 0.77 £ 0.86 <0.001*
SPMT 13.8+£35 10.1£28 <0.001**
Data are presented as n (%) or mean + SD.
*p < 0.05.
**p<0.01.

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 SDCD 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.

- 100 -



S. Nishiguchi et al. / Journal of Clinical Gerontology & Geriatrics 6 (2015) 9—14 13

Table 2
Correlation between SDCD score and subtests of MMSE.”
Subtests Subtest SDCD score < 2 OR (95% CI)
(total score) score (n = 146)
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 (64.4) 0.12 (0.04—0.36)**
*p < 0.05.
“p <0.01.

CI = confidence interval; MMSE = Mini-Mental State Examination; OR = odds ratio;
SDCD = Spot the Difference for Cognitive Decline.

2 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.'®~2° 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-
5.2223_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,?*?> 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
MCI. 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 MCI in older adults.

5. Conclusion

We developed a new type of short-term memory 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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Aim: To investigate frailty in Japanese, Brazilian Japanese descendants and Brazilian older women.

Methods: The collected data included sociodemographic and health-related characteristics, and the frailty index
Kihon Checklist. We analyzed the differences between the mean scores of Kihon Checklist domains (using ANCOVA)
and the percentage of frail women (using y’-test). We carried out a binary logistic regression with Kihon Checklist
domains.

Results: A total of 211 participants (Japanese n = 84, Brazilian Japanese descendants n =355, Brazilian n = 72)
participated in this research. The Brazilian participants had the highest total Kihon Checklist scores (more frail),
whereas the Brazilian Japanese descendants had the lowest scores (P < 0.001). Furthermore, the Brazilian group had
more participants with oral dysfunction (P <0.001), seclusion (P <0.001), cognitive impairment (P < 0.001) and
depression (P < 0.001). They were more likely to be frail (OR 5.97, 95% CI 2.69-13.3, P <0.001), to have oral
dysfunction (OR 3.18, 95% CI 1.47-6.85, P = 0.003), seclusion (OR 9.15, 95% CI 3.53-23.7, P < 0.001), cognitive
impairment (OR 3.87, 95% CI 1.93-7.75, P < 0.001) and depression (OR 6.63, 95% CI 2.74-16.0, P < 0.001) than the
Japanese group.

Conclusions: The older Brazilian women were likely to be more frail than the participants in other groups. More
than the environment itself, the lifestyle and sociodemographic conditions could affect the frailty of older Brazilian

women. Geriatr Gerontol Int 2014; ee: ee—es,

Keywords: cross-cultural study, frailty, Kihon Checklist, older women.

Introduction

Because the aging process is a worldwide trend, frailty
has become a global concern. In general, there are two
predominant approaches to define frailty: (i) frailty is
treated as a count of health impairments;'? and (ii) the
frailty phenotype is identified to detect people who find
themselves between the independent and the dependent
life stages.?

Several assessments have been developed to identify
frail older adults, such as the “Kihon Checklist” (KCL)
proposed by the Japanese Ministry of Health, Labor and
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Welfare that identifies vulnerable older adults as those
who have a higher risk of becoming dependent*® based
on the needs of the Japanese long-term care insurance
(LTCI) system.® The KCL showed a good concurrent
validity against the Fried’s criteria for evaluating frailty,
in which the KCL had a sensitivity of 60% and a speci-
ficity of 86.4%.” Furthermore, another study verified
that the risk groups detected by the KCL were associ-
ated with lower ADL, lower subjective quality of life
scores and higher scores on the geriatric depression
scale.®

Despite the global concern on frailty, the features of
each country have not been adequately explored.
Therefore, it is intriguing to analyze such differences
from a cross-cultural perspective. In the present study,
we compared Japan and Brazil because of the different
ethnic and cultural backgrounds. Brazil is a Latin
American country with a miscegenated population. It is
the largest and the most populous country in South

doi: 10.1111/ggi.12348 | 1
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America, and has become South America’s leading eco-
nomic power by exploiting vast natural resources and by
utilizing the large labor pool; where Japan is an Asian,
modern and industrialized country with a homogeneous
population. Despite the recent economic slowdown; it
still remains a major economic power.” The link
between both countries started when the Japanese
immigrated to Brazil in 1908, generating a community
of approximately 1.3 million people of Japanese descent
in Brazil.'” Thereon, many Japanese descendants have
experienced a different lifestyle in Brazil. Because of the
lack of evidence regarding frailty in Japanese immi-
grants, we hypothesized that the living environment and
culture play an important role in the aging process and
the development of frailty; thus, the present study aimed
to investigate frailty in native Japanese, Brazilian Japa-
nese descendants and native Brazilian older adults.

Methods

This was a cross-sectional observational study.

Participants

The inclusion criteria were women living in the com-
munity, aged 60 years or older and able to respond to
the questionnaires. The participants who did not match
these criteria or those who did not want to participate in
the research procedures were excluded from the present
study.

The Japanese participants were recruited in the
western area of Japan through a local press advertise-
ment that requested community-dwelling older female
volunteers to collaborate in this research. The Brazilian
and DBrazilian Japanese descendant participants were
recruited by municipal health units and by a recre-
ational club that promotes Japanese culture in the south
part of Brazil, chosen because of the large population of
Japanese subjects present in the region. Furthermore,
the total population (Japanese region with approxi-
mately 1500 000 citizens and Brazilian region with
approximately 1 800 000 citizens) and the economic
pattern (based on industry and tourism) of both regions
were similar.'?

The older women received oral and written explana-
tions about the research procedures. Participation in
this study was voluntary, and all participants signed an
informed consent form. We recruited the participants
from April to November 2012, and conducted data col-
lection from June to November 2012.

A total of 228 older women were recruited to partici-
pate in the present study; however, 17 participants were
excluded from the analysis (Brazilian n =7, Brazilian
Japanese Descendants n =4, Japanese n=6) because
of age lower than 60 years and poor responses in

2|

questionnaires. The resulting 211 participants who met
the criteria for the study (Brazilian n=72, mean
age 69.0 £ 6.41 years; Brazilian Japanese descendants
n =255, mean age 70.8 + 8.38 years; and Japanese n = 84;
mean age 73.2+4.21 years). The study protocol was
approved by the university ethical committee where it
was carried out (E-1575, E-1470).

Assessments

The participants answered a questionnaire regarding
sociodemographic information, such as age, living
arrangement, educational level and work status (worker,
volunteer, retired); health-related characteristics, such
as body mass index (BMI), use and number of medica-
tions, frequency of medical consultation in the past 6
months, hospitalization in the past year, self-rated
health, life satisfaction and the frailty index KCL. The
Japanese participants completed the original KCL
version in the Japanese language, and the Brazilian and
the Brazilian Japanese descendants completed the trans-
lated and validated KCL Brazilian Portuguese version.™

The KCL has 25 yes/no questions that are divided
into the following domains: instrumental activities of
daily living (IADL), physical strength, nutrition, eating,
socialization, memory and mood. In the present study,
we set the cut-off points based on our previous finding
that determined the KCL cut-offs regarding an elevated
risk for requiring I.TCI service in community-dwelling
older adults." For the KCL total score (sum of the
scores of all questions: 1-25), we used the cut-off of >6
points; in question number 12 (nutrition domain), we
used the cut-off of BMI <20.5; and in the socialization
domain, we used the cut-off as having one negative
answer in question number 16 or question number 17
or more. To the best of our knowledge, there is no
published cut-off point for the IADL domain; therefore,
in the present study, we determined the cut-off point as
a score higher than two points. For the other domains,
the cut-off points remained the same, as scoring three
points or more in the physical domain represents the
clustering of physical inactivity; scoring two points in
the nutrition domain indicates malnutrition; scoring
two points or more in the oral domain suggests oral
dysfunction; one point or more in the memory domain
suggests cognitive impairment; and finally, scoring
two points or more in the mood domain indicates
depression.*

Statistical analysis

Regarding sociodemographic and health-related char-
acteristics, we analyzed the differences of age, BMI, and
number of medications among Brazilian, Brazilian Japa-
nese descendants and Japanese using one-way ANOVA
and the Tukey post-hoc test. For categorical variables,
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we used the y*-test. In the items that showed a signifi-
cant difference (P < 0.05), we dichotomized the items
and carried out a x? analysis separately for each category.
Additionally, we analyzed the differences of KCL
domains (mean scores) among the three groups using
ANCOVA adjusted by age.

We calculated the differences in the percentage of frail
older women among the groups using the x>-test. Fur-
thermore, we carried out a binary logistic regression
analysis adjusted by age with each KCL domain as a
dependent variable. The Japanese group was deter-
mined to be the reference group; for the total KCL score
and for each domain, the robust condition was coded as
0 and frailty was coded as 1. Statistical significance was
set at P < 0.05. All analyses were carried out using the
Statistical Package for the Social Sciences (version 21.0;
SPSS, IBM, Chicago, IL, USA).

Results

A total of 211 participants completed the research pro-

cedures (Brazilian n=72; Brazilian Japanese descen-

dants n = 55; Japanese n = 84). The Japanese were the
oldest (mean age 73.2 + 4.21 years), whereas the Brazil-
ians were the youngest (mean age 69.0 + 6.41 years;
P <0.001). There were differences in living arrangement

(P =0.023), educational level (P<0.001) and work
activity (P < 0.001) among the three groups. More Bra-
zilian participants were living alone (P = 0.029), whereas
more Japanese women were living with a partner
(P = 0.015). Additionally, more than 50% of the Brazil-
ian participants had received education at the elemen-
tary school level (P <0.001), whereas the majority of
the Japanese participants had finished high school
(P < 0.001), and the majority of the Brazilian Japanese
descendants had a university degree (P <0.001). In
terms of employment, a higher proportion of Brazilian
and Brazilian Japanese descendants were retired com-
pared with the Japanese women (P = 0.042), who were
more engaged in informal work (P < 0.001; Table 1).

Regarding the health-related characteristics among
the groups, there were differences in BMI (P < 0.001),
number of medications (P=0.028), frequency of
medical consultation (P < 0.001) and life satisfaction
(P <0.001). The Brazilian participants had the highest
BMI (P < 0.001) and took the greatest number of medi-
cations (P =0.028), whereas the Japanese participants
had the lowest BMI and took fewer medications. The
Japanese women consulted a doctor more frequently
(P < 0.001) and had a poorer life satisfaction (P < 0.001)
than the other groups (Table 2).

We compared frailty among the three groups using
the KCL (Japanese or Brazilian Portuguese version).

Table 1 Comparison of sociodemographic characteristics among Brazilian, Brazilian Japanese descendants and

older Japanese women

Variables Brazilian Brazilian Japanese Japanese P
descendants
(n=72) (n=255) (n=84)

Age (years) 69.0 £ 6.411 70.8 £ 8.38 73.2 £ 4.21% <0.001

Living arrangement 0.023
Alone 26.4 (19) 14.5 (8) 10.7 (9) 0.029
With partner 23.6 (17) 27.3 (15) 44.0 (37) 0.015
With child 25.0 (18) 27.3 (15) 17.9 (15) 0.369
With partner and child 15.3 (11) 23.6 (13) 13.1(11) 0.246
Other 9.7 (7) 7.3 (4) 14.3 (12) 0.242

Educational level <0.001
Elementary school 68.1 (49) 27.5 (14) - <0.001
Junior high school 13.9 (10) 17.6 (9) 28.6 (24) 0.053
High school 9.7 (7) 15.7 (8) 56.0 (47) <0.001
Technical school - 2.0 (1) 7.1 (6) 0.035
University 6.9 (5) 33.3 (17) 8.3 (7) <0.001
Other 1.4 (1) 3.9 (2) - 0.208

Work activity <0.001
Formal work 6.2 (4) 13.7 (7) 1.4 (1) 0.016
Informal work 12.3 (8) 3.9 (2) 37.8 (28) <0.001
Volunteer 9.2 (6) 9.8 (5) 5.4 (4) 0.551
Retirement 72.3 (47) 72.5 (37) 55.4 (41) 0.042

Values represent the mean * standard deviation and valid percentage (n); n = 211. Tukey's post-hoc: P < 0.001.
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Table 2 Comparison of health-related characteristics among Brazilian, Brazilian Japanese descendants and older

Japanese women

Variables Brazilian Brazilian Japanese Japanese P
descendants
(n=72) (n=355) (n=284)

BMI (kg/m?) 28.1 + 5.39%# 23.6 £2.50% 22.9 + 2.84% <0.001

On medication 84.7 (61) 85.5 (47) 81.9 (68) 0.831

No. medications 2.9+2.1% 2.7%2.4 2.1+1.58 0.028

Consultations in 6 months <0.001
None 17.4 (12) 9.3 (5) 14.5 (12) 0.462
1-2 times 50.7 (35) 61.1 (33) 18.1 (15) <0.001
3-4 times 21.7 (15) 14.8 (8) 16.9 (14) 0.630
S5~6 times 8.7 (6) 13 (7) 32.5 (27) <0.001
7 times or more 1.4 (1) 1.9 (1) 18.1 (15) <0.001

Hospitalization in 1 year 14.1 (10) 16.4 (9) 7.5 (6) 0.248

Self-rated health 0.467
Very good 11.1 (8) 20.0 (11) 17.1 (14)

Good 33.3 (24) 34.5 (19) 35.4 (29)
Normal 34.7 (25) 32.7 (18) 40.2 (33)
Not so good 18.1 (13) 12.7 (7) 7.3 (6)
Bad 1.4 (1) - -

Life satisfaction <0.001
Very satisfied 43.1 (31) 47.3 (26) 21.7 (18) 0.002
Satisfied 41.7 (30) 52.7 (29) 43.4 (36) 0.405
Normal 9.7 (7) - 30.1 (25) <0.001
A bit unsatisfied 5.6 (4) - 3.6 (3) 0.220
Unsatisfied - - 1.2 (1) 0.468

Values represent the mean * standard deviation and valid percentage (n); n = 211. Tukey's post-hoc: #P < 0.001; 5P = 0.027.

Table 3 Comparison of Kihon Checklist scores by analysis of covariance adjusted by age among Brazilian,

Brazilian Japanese descendants and Japanese women

Variables Brazilian Brazilian Japanese Japanese P
(n=72) descendants (n = 55) (n = 84)

Total KCL score 6.22 +3.83 3.22+2.75 3.43+2.72 <0.001
IADL domain 0.58 +£0.84 0.29 +0.57 0.18 £ 0.50 <0.001
Physical strength domain 1.58 +1.15 1.11+1.18 1.38+1.24 0.047
Nutrition domain 0.35 +0.48 0.23+0.47 0.40 £ 0.60 0.252
Eating domain 1.07 £ 0.98 0.51+0.77 0.67 £0.90 0.001
Socialization domain 0.39 £0.52 0.18 £0.39 0.01 £0.28 <0.001
Memory domain 0.88 + 0.84 0.51+0.72 0.36 +0.61 <0.001
Mood domain 142 +1.62 0.40+0.78 0.52+0.93 <0.001

Values represent the mean + standard deviation; n = 211. IADL, instrumental activities of daily living; KCL, Kihon Checklist.

The Brazilian participants had the highest total KCL
scores (more frail), whereas the Brazilian Japanese
descendants had the lowest scores (P < 0.001). Addi-
tionally, when we compared each domain adjusted by
age, the Brazilian participants showed the poorest
condition in IADL (P <0.001), physical (P =0.047),
oral (P=0.001), socialization (P <0.001), cognitive
(P <0.001) and mood (P < 0.001) domains (Table 3).

4 |

Reviewing the results that identified frailty using our

determined cut-off points, we observed that the Brazil-
ian group had the higher prevalence of frail women
according to their total KCL score (P < 0.001) compared
with the other groups. Furthermore, this group also had
more participants with oral dysfunction (P < 0.001),
seclusion (P < 0.001), cognitive impairment (P < 0.001)
and depression (P < 0.001). There were no significant
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Table 4 Logistic regression analysis of frail condition among Japanese, Brazilian Japanese descendants and
Brazilian participants using Kihon Checklist scores as dependent variables and nationality as covariate — adjusted

by age
Frailty % (n) P OR (95% CI) P

Total KCL score (cut-off >6 points) <0.001

Japanese (reference for OR) 16.7 (14) 1

Brazilian Japanese descendants 10.9 (6) 0.65 (0.23-1.84) 0.417

Brazilian 45.8 (33) 5.97 (2.69-13.3) <0.001
IADL domain (cut-off >2 points) 0.194

Japanese (reference for OR) 1.2 (1) 1

Brazilian Japanese descendants 0 - -

Brazilian 4.2 (3) 5.15 (0.51-52.2) 0.165
Physical strength domain 0.242

Japanese (reference for OR) 21.4 (18) 1

Brazilian Japanese descendants 10.9 (6) 0.44 (0.16-1.22) 0.114

Brazilian 20.8 (15) 0.95 (0.42-2.13) 0.892
Nutrition domain (cut-off BMI<20.5) 0.090

Japanese (reference for OR) 6 (5) 1

Brazilian Japanese descendants 1.9 (1) 0.22 (0.018-2.57) 0.226

Brazilian 0 -
Eating domain <0.001

Japanese (reference for OR) 19 (16) 1

Brazilian Japanese descendants 9.1 (5) 0.45 (0.15-1.33) 0.148

Brazilian 37.5 (27) 3.18 (1.47-6.85) 0.003
Socialization Domain (cut-off >1 point) <0.001

Japanese (reference for OR) 8.3 (7) 1

Brazilian Japanese descendants 18.2 (10) 2.70 (0.95-7.73) 0.063

Brazilian 37.5(27) 9.15 (3.53-23.7) <0.001
Memory domain <0.001

Japanese (reference for OR) 29.8 (25) 1

Brazilian Japanese descendants 38.2 (21) 1.49 (0.72-3.08) 0.279

Brazilian 61.1 (44) 3.87 (1.93-7.75) <0.001
Mood domain <0.001

Japanese (reference for OR) 10.7 (9)

Brazilian Japanese descendants 9.1 (5 0.89 (0.28-2.83) 0.844

Brazilian 38.9 (28) 6.63 (2.74-16.0) <0.001

Values represent percentage (n) and OR (95% CI); n = 211. BMI, body mass index; IADL, instrumental activities of daily living;

KCL, Kihon Checklist.

differences regarding IADL performance, and physical
and nutritional conditions among the groups (Table 4).

The results of the logistic regression confirmed that
older Brazilian women were more inclined to be frail
than Japanese women. The Brazilian participants were
fivefold more likely to be frail (OR 5.97, 95% CI 2.69-
13.3, P <0.001), threefold more likely to have oral
dysfunction (OR 3.18, 95% CI 1.47-6.85, P = 0.003),
ninefold more likely to have seclusion (OR 9.15, 95% CI
3.53-23.7, P<0.001), threefold more likely to have
cognitive impairment (OR 3.87, 95% CI 1.93-7.75,
P <0.001) and sixfold more likely to have depression
(OR 6.63, 95% CI 2.74-16.0, P < 0.001) than the older
Japanese women. However, no difference was found
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between the Japanese and Brazilian Japanese descen-
dants. No difference was found in terms of [ADL, physi-
cal or nutritional domains among the groups (Table 4).

Discussion

In the present study, we observed a higher prevalence of
frail participants in the Brazilian group (P < 0.001); and
that older Brazilian women were more inclined to
be frail than Japanese women (OR 5.97, 95% CI 2.87~
13.3, P<0.001). To the best of our knowledge, the
present study is the first that compares frailty among
Brazilian, Brazilian with Japanese genetic background
and older Japanese women. To substantiate our
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findings, we discussed our observations and results
separately, detailing each KCL domain and linking
it to the participants’ sociodemographic and lifestyle
characteristics.

According to the KCL domains, we observed differ-
ences regarding the mean scores in IADL (P < 0.001)
and physical (P =0.047) domains among the three
groups; however, such differences failed to remain sta-
tistically significant when we dichotomized them
according to the cut-off points to determine frailty. A
similar pattern was observed in the nutritional domain;
no group showed a significantly different risk level to
develop frailty. Although no differences were found in
the physical and nutritional domains among the groups,
we can discuss the significant difference observed in
BMI (P < 0.001), especially because BMI is an important
indicator of physical and nutritional status, and an
increased BMI could be an alarming sign of imminent
frailty evaluated by both domains. In the present study,
the Brazilian participants were more obese (BMI
28.1 £ 5.39 kg/m?* than the other groups. Although the
KCL considers low bodyweight to be a frailty symptom,
epidemiological studies show that both overweight and
underweight are negative health outcomes associated
with a greater risk for morbidity and mortality.'®

There are some data showing that the Brazilian envi-
ronment might pose a risk for developing obesity com-
pared with the Japanese environment; a study verified
that the risk for developing central obesity was 2.8-fold
higher among Japanese Brazilians living in Brazil.®
Although that study did not include Brazilian natives,
there is evidence supporting concurrent increases in
obesity in Brazil."®

Furthermore, we found that Brazilian participants
were threefold more likely to be frail in terms of oral
health (eating domain) than the Japanese group (OR
3.18, 95% CI 1.47-6.85, P =0.003). In this case, the
educational level of the participants seems to be related
to their poor oral condition; considering the evidence
that older adults who received elementary school level
education had a significantly larger number of missing
teeth and significantly fewer healthy gingival units com-
pared with those who received higher than elementary
school level education.’” Another study showed that
not only educational level, but also living arrangement
influenced the participants” oral health; concluding that
poorly educated and divorced women had fewer
remaining teeth than better-educated and married
women.'® In the present study, the most favored group
in terms of educational and living arrangement condi-
tions was the Japanese cohort that were also more
concerned about dehydration (consuming liquids, espe-
cially tea, as one of the Japanese habits), another
included aspect in the oral domain.

Regarding the socialization domain, the Brazilian par-
ticipants also showed a greater risk for becoming frail

6 |

compared with the Japanese participants (OR 9.15, 95%
CI3.53-23.7, P < 0.001). A study showed that a partner
relationship, such as marriage, might impact women’s
health status in numerous ways and could confer
health-related benefits, such as providing nurturing
conditions and socialization through a spouse,’ and
building a network with the partner’s family.*® Further-
more, a relationship possibly includes access to material
resources and other social support.?! These privations
could lead Brazilian women to a poorer condition not
only in the seclusion domain, but also in the mood
domain, as the study concluded that individuals who
lack social connections or report frequent feelings of
loneliness tend to suffer higher rates of depression as
well.?

Although the older Brazilian women showed a higher
life satisfaction (P = 0.002), they presented a higher risk
for being frail in terms of depression (OR 6.63, 95% CI
2.74-16.0, P < 0.001) than the Japanese group. Evidence
showed that living alone or with other(s) than a partner
could lead to depression and anxiety disorders in
women.”

Finally, the results that we found in the memory
domain did not differ from those aforementioned. The
Brazilian participants were threefold more likely to be
frail compared with the Japanese group (OR 3.87; 95%
CI1.93-7.75, P < 0.001). It is widely recognized that low
education is one of the conditions that affect cognitive
performance, especially phonological verbal fluency,
calculation and working memory*** that are required
when processing the tasks assessed by the KCL cogni-
tive domain. Another factor that might be related to the
lowest scores achieved by Brazilian women in the
memory domain is their highest number of medication
use (Brazilian participants 2.9 £ 2.1 vs Japanese partici-
pants 2.1+ 1.5, P =0.028). Although we did not inves-
tigate the drug classes, the cognitive impairment is
repeatedly reported to be a side-effect among medica-
tions prescribed for the elderly.?**

We discerned that the majority of the differences in
the present study were shows between Japanese and
Brazilian natives. However, we must emphasize that an
improved condition in terms of frailty was observed in
the Brazilian Japanese descendants. This result might be
linked to their higher educational level that predicts a
higher-level financial status and better living conditions,
which might in turn reflect a better health education, as
they showed the lowest total KCL score (P < 0.001), and
also the lowest mean KCL score in physical strength
(P=0.047), eating (P =0.001) and mood (P <0.001)
domains.

We emphasize that the native Brazilian participants
might be more vulnerable and frail because of the
sociodemographic disadvantages that they are exposed
to and their adopted lifestyle. However, such conditions
are reversible; and an early detection of the frail aspects
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is essential to reverse it in older adults. For this purpose,
the KCL was designed to monitor the health conditions
and to detect negative health outcomes at the earliest
stage, thereby assuring prompt prevention or rehabili-
tation interventions, being an accurate, cheap, easy and
fast diagnostic tool.

The present study had several limitations: (i) the
present study was a cross-sectional design, which did not
enable us to determine a cause—effect relationship; (ii) the
present study was carried out in only one Brazilian and
one Japanese region, which did not allow us to extend
our findings to the national level; and finally, (iii) we only
analyzed older women with heterogeneous characteris-
tics, which complicated our comparisons. We recom-
mend prospective studies to include a greater sample
size, with male participants recruited from several
regions of Brazil and Japan, and that future studies
investigate important aspects that could be related to
frailty, such as the financial situation of the participants.

In summary, we found that Brazilian natives were
more frail than Japanese natives, but not Brazilian Japa-
nese descendants. In addition to the environment, we
believe that the lifestyle and the sociodemographic con-
ditions could reflect the frailty of older Brazilian women
in the present study. Hence, we recommend the dis-
semination of general health education among these
older adults, including incentives for regular engage-
ment in physical activity and a well-balanced diet, the
principles of oral health safety and social and cognitive
approaches to warrant a healthy aging process.
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ABSTRACT

Keywords: Objectives: Frailty in older adults is a serious problem because of various adverse health outcomes in
Fra“t‘y‘ ) many countries with aging populations, such as Japan. The purpose of this study was to determine
cognitive decline whether frailty and pre-frailty are associated with cognitive decline and sarcopenia in community-
sarcopenta

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% CI: 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.
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community-dwelling older adults

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.” 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."”>'® [n 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 + 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
Graduate 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
levels 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)."®

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 and
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.?>*® 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 +£ 54 731+ 46 723 +56 76.6 + 5.1 <.001° a,b
BMI (kg/m?) 225+ 3.2 222 +£30 22.7+33 219 £ 38 291 -
Medications 232 +£224 218 £2.35 223 +£2.10 3.27 £ 2.55 072
Walking speed (m/s) 1.40 4 0.20 143 +£0.18 141 £ 0.20 1.21 £ 0.20 <.001" a, b
Grip strength (kg) 224+ 40 234 +34 226+38 183 + 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 score 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 ¥ 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
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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 in Table 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
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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 = 6.78, 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 = 5.17, 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) <.001'

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 = 185, 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% ClI: 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% CI: 1.64—18.7,
P = .006), and sarcopenia (OR: 19.1, 95% Cl: 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% CI: 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% Cl: 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.?’
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.*° 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.’' 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% C1) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
Cognitive  1.76 (0.56—-5.51) .331 143 (0.54-3.84) 473 3.73(1.23-11.4) .020* 248 (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" 5.47 (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.
P < .01.
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physical inactivity, and muscle apoptosis, all of which have been hy-
pothesized to contribute to frailty through interactive pathways.>233
Recently, the definition of sarcopenia has been the coexistence of
low 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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1. Introduction

Purpose: While a universal definition of sarcopenia is desirable, ethnic diversity affects anthropometric
measures, which in turn may affect the parameters used for the definition of sarcopenia. Other than
Caucasian Asian differences, there may be diversity within different Asian populations. It is important to
examine differences, if any, in the field of sarcopenia research. We compared available data (mean body
mass index, muscle mass, grip strength, walking speed and chair stand times) for community living older
people from different Asian locations and ethnicity to explore the extent of variation, and compared
similar data from a Caucasian population.
Subjects and methods: Recent community studies which contain anthropometric and physical
performance variables for men and women in the three age groups (65-74, 75-84, 85+) were identified
from participants of the Asian Working Group on Sarcopenia and from other known longitudinal studies
in the region. Caucasian values from the UK Hertfordshire Cohort Study were also used for comparison.
Results: There was considerable variation in mean values in body mass index, appendicular skeletal mass
index (ASM/ht?), grip strength, walking speed between different Asian ethnic groups, and also between
same ethnic groups living in different geographic locations. Differences in mean values were greater
between the Asian groups compared with Caucasians. Comparison of ASM/ht? between Asian groups
was limited by the use of different instruments.
Conclusion: A universal definition of sarcopenia that depends on absolute measurements may not be
applicable to all ethnic groups and different geographic locations.
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well as physical performance measures [4,5]. Three consensus
groups have met and essentially arrived at the same conclusions,

In the past two decades, sarcopenia has come to be recognized
as an important geriatric syndrome, becoming a major focus of
research covering from basic science to clinical management
perspectives [1]. A universally accepted definition is thus of great
importance, to facilitate the conduct of clinical trials of a
preventive or interventional nature. In particular, clinical trials
involving pharmaceutical agents would need to fulfil regulatory
requirements [2]. There is current consensus worldwide that the
working definition has evolved from the original one covering
muscle mass only [3] to including measures of muscle strength as
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although there are minor variations. These are the International
Working Group on Sarcopenia (IWGS) which has a predominantly
North American input [6], the European Working Group on
Sarcopenia in Older People (EWSOP) [7], and the Asian Working
Group for Sarcopenia (AWGS) [8]. While there is broad consensus
on the choice of measurement of each of these parameters
(appendicular muscle mass divided by height?, grip strength and
walking speed), the classification of what values are normal so that
cut-off values may be determined is unclear, there being variations
between studies [6]. Among Caucasians, consensus cut-off values
appear to have been accepted. Proposed cut-off values are not
necessarily based on population studies, which have been limited.
However, since all these measures are likely dependent on body
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size and shape, and to a certain extent lifestyle habits [9-11], it is
not surprising that studies among Asian populations yield
different values. The AWGS agreed on a consensus regarding
the cut-off values appropriate for Asians, based on available
published studies [8].

However there is ethnic diversity even within Asia with respect
to anthropometry and lifestyle, factors which may affect the
parameters used for the definition of sarcopenia. Existing data are
sparse; yet a comparison of available age group and sex specific
mean values used for sarcopenia definition between different
Asian populations may begin to address this question. In this
study we compared available data (mean body mass index, muscle
mass, grip strength, walking speed and chair stand times) for
community living elderly people aged 65-74, 75-84, and 85+ for
Chinese in Beijing, Hong Kong, Singapore, Japanese, and Malays
and Indians in Singapore, to explore the extent of variation.
Similar data from a Caucasian population [12] are listed for
comparison.

2. Subjects and methods

Recent community studies which contain anthropometric
and physical performance variables for men and women in the
three age groups (65-74, 75-84, 85+) were identified from
participants of the Asian Working Group on Sarcopenia,
consisting of researchers from Taipei, Beijing, Hong Kong, Japan,
Malaysia, Thailand, Korea; and from other known longitudinal
studies in the region (Singapore Longitudinal Aging Study [SLA]).
The SLA consists of predominantly Chinese, but also smaller
numbers of Malays and Indians [13]. Participants from each
country and the Principal Investigator of the SLA were contacted
to see if they can provide data for comparison. Data from Japan,
China (mainland), China (Hong Kong), and Singapore (Chinese,
Malays and Indians) were available, although not all parameters
were available from all cohorts. Caucasian values from the UK
Hertfordshire Sarcopenia Study (HSS), a sub-study of the
Hertfordshire Cohort Study (HCS) were also used to compare
Asian Caucasian differences [12].

The Hong Kong cohort was the Mr. and Ms Os dataset collected
between 2001-2003 as part of a bone health survey, and consisted
of two thousand community-dwelling Chinese men and women
aged 65 and older recruited by placing recruitment notices in
community centers for older adults and housing estates. Partici-
pants were volunteers, and excluded those who were unable to
walk independently, had had bilateral hip replacement, and not
competent to give informed consent [14].

Appendicular muscle mass was measured by DEXA using a
Hologic Delphi W4500 densitometer (Hologic Delphi, auto whole
body version 12.4, Hologic Inc, Bedford, Massachusetts, USA). ASM
was calculated as the sum of appendicular lean mass minus bone
mineral content of arms and legs. ASM index (ASMI) was calculated
as ASM divided by height in meters squared (ASM/ht?). Grip
strength was measured using a dynamometer (JAMAR Hand
Dynamometer 5030JO, Sammons Preston Inc, Bolingbrook, IL,
USA). Two readings were taken from each side, and the average
value between right and left was used for analysis. Gait speed was
measured using the average time in seconds to complete a walk
along a straight-line 6 meters long. A warm up period
of < 5 minutes was followed by two walks, and the average time
recorded. Chair stand was measured by asking the participant to
rise from a chair (seat height 54 cm) with arms folded across the
chest, five times as quickly as possible. The time taken was
recorded on a stopwatch.

The Japanese cohort consisted of community-dwelling older
people living in both rural and urban areas [15]. Exclusion criteria

were classification as frail according to the long term care
insurance certification in Japan; artificial implants such as cardiac
pacemakers or joints which precluded the use of bioimpedance for
measurement of muscle mass; severe cognitive impairments;
severe cardiac, pulmonary or musculoskeletal disorders; comor-
bidities associated with greater risk of falls such as Parkinson’s
disease or stroke. Appendicular muscle mass was measured using
bioimpedance [Inbody 720, Biospace Co. Ltd, Seoul, South Korea].
Participants stood on two metallic electrodes and held metallic
grip electrodes. Grip strength was measured using a hand held
dynamometer with the arm by the side of the body. Participants
were instructed to squeeze as hard as they can use the dominant
hand. The better of two performances was used. Walking speed
was measured as the best time taken to walk 15 metres at a
comfortable pace. The time required to reach the 10 m point
(marked in the course) was recorded using a stopwatch. For the
chair stand, participants were asked to stand up and sit down five
times as quickly as possible, and the time taken from the initial
sitting position to the final standing position at the end of the fifth
stand was recorded. The better performance of two trials was
taken.

The China (mainland) cohorts consist of volunteers > 65 years,
being part of a nation-wide survey of the health status of older
people carried out from 2010-2013 in different regions of China.
Some parameters were only available from the Beijing urban and
rural cohorts, which consisted of retired teachers, workers and
farmers [unpublished data]. Appendicular muscle mass was not
available from this cohort. Grip strength was measured using a
hand dynamometer (WCS-II, Beijing), with the highest of two
readings for each hand being chosen; walking speed was measured
over 6 m.

The Singapore data were from the Singapore Longitudinal
Ageing Study [13], which consists of whole population samples
from several contiguous small areas in the South East and South
West Region of Singapore, covering Singapore citizens and
permanent residents who were aged 55 years and above, not
physically or mentally incapacitated, able to provide informed
consent, participate in face-to-face interviews and carry out
physical performance tests. The response rate was 75%. Muscle
strength was assessed as knee extension strength. This was
measured isometrically in the dominant leg, with the angles of the
hip and knee at 90 degrees with the participant seated, using Lord’s
strap and strain gauge assembly component of the Physiological
Profile Assessment (PPA). The best of three trials was recorded in
kg [16]. The 6-meter fast gait speed test used the average of two
measurements of the participants walking across a distance of 6 m
as fast as possible [17]. Single timed chair rise was measured as the
time in seconds taken for the participant to complete 5 stands from
a seated position on a hard back chair with arms folded [18].

For the Hertfordshire cohort, only data for men were available.
Body composition was assessed by anthropometry in all partici-
pants and validated using DEXA (Hologic Discovery, software
version 12.5) in a sub-set; the walking speed measured as the
customary paced walk over 3-m; chair rise time as the time to
move from a seated position to fully standing five times unaided,
and grip strength measured using a Jamar dynamometer with the
maximum value attained from three attempts in both the right and
left hands derived as the best grip strength (Promedics, Blackburn,
UK) [19].

For each parameter, the mean (SD) values and the lowest 20th
percentile values with the exception of chair stand time were listed
according to the three age groups for men and women separately.
Linear trend ANOVA test was used to examine changes with age
within each cohort, and Student’s unpaired t-test to examine
between cohort differences by age and gender, using HK Chinese as
a reference group.
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