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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

compared with the Japanese participants (OR 9.15, 95%
Cl 3.53-23.7, 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%
CI1.93-7.7S, 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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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 cognitive 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% CI: 1.64—18.7) and sarcopenia (OR: 19.1, 95% Cl:
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.” 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
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 73.1 £ 4.6 723 £56 76.6 £ 5.1 <.0017 a,b
BMI (kg/m?) 225 +£32 222 +30 22,7 £33 219 +3.8 2291 -
Medications 232 +£2.24 2.18 £2.35 223 4+ 2.10 327 £2.55 072 -
Walking speed (m/s) 1.40 & 0.20 143 £0.18 141 £ 0.20 121 £0.20 <0017 a, b
Grip strength (kg) 224+ 40 234 £ 3.4 226 + 3.8 183 + 4.1 <.0017 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%) <.0017
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 2 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.
0dds 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 2 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< .0l

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% 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: 1.23-11.4,
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% CI) P OR (95% CI) P OR (95% CI) P OR (95% C1) p OR (95% CI) P
Cognitive  1.76 (0.56—5.51) .331 1.43(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(1.27-168) .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.>%*3
Recently, the definition of sarcopenia has been the coexistence of
low muscle mass and low physical performance®?%34 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.

© 2014 Elsevier Masson SAS and European Union Geriatric Medicine Society. All rights reserved.

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

* Corresponding author. Tel.: +852 2632 3493; fax: +852 2637 3852.
E-mail address: jeanwoowong@cuhk.edu.hk (J. Woo).

http://dx.doi.org/10.1016/j.eurger.2014.04.003

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

1878-7649/© 2014 Elsevier Masson SAS and European Union Geriatric Medicine Society. All rights reserved.
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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 ethnicdiversity 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]J).
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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Table 1a
Descriptive statistics and comparison by populations on body mass index (BMI).

Ethnic groups Male Female
n 65-74 n 75~84 n >85 P-value® n 65-74 n 75-84 n > 85 P-value®
Mean (+SD), lowest 20th percentile
Chinese (Hong Kong)® 1295 23.62 (£3.06), 21.25 543 23.08 (£3.23),20.2 42 21.98 (+3.02), 1891 <0.001 1292 24.19(:3.42),21.37 583 23.53 (::3.44), 2068 57 22.5(+3.71), 1871 <0.001
Chinese (Beijing)" 1759 24.1° (£3.1),21.5 1581 247 (+3.2),21.2 347 23.7% (£3.2).21 0.002 1950 243 (£3.5),21.5 1193 23.8 (++3.6), 20.8 177 23.1(£3.6), 20 <0.001
Chinese (Singapore)* 353 23.6 (£3.55),20.6 148 23 (£3.68), 19.8 165 22.9 (::3.76), 19.5 0.043 541 24.2 (+3.99), 20.9 178 238 (+4), 204 204 23.6 (+-3.98), 203 0.062
Japanese® . 266 23.2°(+3.2) 207 254 23.1(+25) 21 48 219 (+3.6),19.3 <0.001 650 23" (x3.4) 203 594  22.7'(£3.11),203 70 22(x23),205 < 0.001
Malays and Indians (Singapore)® 41 25°(+3.57), 21.3 27 232(£238),21 29 232(+24).205 0016 67 28" (£425)249 14 249(:517)187 15 25(+£4.99), 189  0.009
UK - HSS*¢ 81 27.1° (£3.8),24.0 24 276" (£26),261 P b b v

Lower 20th percentile values are shown in italics.

2 Hertfordshire Sarcopenia Study (HSS) cohort is only comprised of male participants, and is classified into 2 age groups: 68.3 years-74.9 years and 75.0 years-77.4 years, respectively.

b Figures not available.

¢ ANOVA test for linear trend was used to examine any significant difference by age group.

4 Independent 2-sample t-test (2-tailed) was used to examine age-specific difference in mean values, with Chinese (Hong Kong) as reference. Only significant difference (P-value < 0.05) is reported.

¢ Significantly different from Chinese (Hong Kong) - Chinese (Beijing) (mean difference 0.48, P < 0.001), Japanese (mean difference --0.42, P=0.042), Malays and Indians {Singapore) {mean difference 1.38, P=0.005), and UK
Caucasian (mean difference 3.68, P<0.001).

f Significantly different from Chinese (Hong Kong) — Chinese (Beijing) (mean difference 0.92, P<0.001), and UK Caucasian (mean difference 4.12, P < 0.001).

& Significantly different from Chinese (Hong Kong) - Chinese (Beijing) (mean difference 1.72, P=0.001).

" Significantly different from Chinese (Hong Kong) - Japanese (mean difference —1.19, P<0.001), and Malays and Indians (Singapore) (mean difference 3.81, P<0.001).

! Significantly different from Chinese (Hong Kong) - Japanese (mean difference —0.83, P < 0.001).

i Significantly different from Chinese (Hong Kong) - Malays and Indians (Singapore) (mean difference 2.5, P=0.035).

POI-GSI (P10Z) § auIpaw dLapLeY uvadoani /p 10 00p [
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Table 1b
Descriptive statistics and comparison by populations on appendicular skeletal mass index (ASM)/height? (kg/m?).
Ethnic groups Male Female
n 65-74 n 75-84 n >85 P-value® n 65-74 n 75-84 n >85 P-value®

Mean (£SD), lowest
20th percentile

Chinese (Hong Kong) 1295 7.3(+038) 666 543  7.01 (+0.82), 6.31 42 6.64 (+£0.79),593 <0.001 1292 6.13 (+£0.74), 551 583  5.94 (+0.68), 5.35 57 5.89(£0.77), 53 <0.001
Chinese (Beijing)* b b b b b b

Chinese (Singapore)d " b b b b b

Japanese* 266  6.99¢(+1.1),622 254 6.737(+1.08),557 48 628 (£171),493 <0001 650  557%(£1.03),46 594 517" (+101),412 70 464 (+086),377 <0.001
Malays and Indians b b b b b b

(Singapore)?

UK - HSs™¢ 81 7.99¢(£091),730 24  7.89'(+£074),7.18 ° o b b

Lower 20th percentile values are shown in italics.
2 Hertfordshire Sarcopenia Study (HSS) cohort is only comprised of male participants, and is classified into 2 age groups: 68.3 years-74.9 years and 75.0 years-77.4 years, respectively.
b Figures not available.
¢ ANOVA test for linear trend was used to examine any significant difference by age group.
4 Independent 2-sample t-test (2-tailed) was used to examine age-specific difference in mean values, with Chinese (Hong Kong) as reference. Only significant difference (P-value < 0.05) is reported.
¢ Significantly different from Chinese (Hong Kong) ~ Japanese (mean difference —0.31, P<0.001), and UK Caucasian (mean difference 0.7, P<0.001).
© Significantly different from Chinese (Hong Kong) - Japanese (mean difference —0.28, P< 0.001), and UK Caucasian (mean difference 0.89, P <0.001).
£ Significantly different from Chinese (Hong Kong) - Japanese (mean difference —0.56, P<0.001).
" Significantly different from Chinese (Hong Kong) - Japanese (mean difference —0.77, P < 0.001).
i Significantly different from Chinese (Hong Kong) — Japanese (mean difference —1.25, P<0.001).
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Table 1c
Descriptive statistics and comparison by populations on appendicular skeletal mass index (ASM)/weight.

Ethnic groups Male Female

n 65-74 n 75-84 n >85 P-value® n 65-74 n 75-84 n >85 P-value®

Mean (£SD), lowest
20th percentile

Chinese 1295 0.31 (+0.02), 543 0.31 (£0.03), 42 0.3 (+0.03), <0.001 1292 0.25 (+0.02), 583 0.26 (=0.03), 57 0.27 (=0.03), <0.001

(Hong Kong)! 0.29 0.28 0.28 0.24 0.23 0.24

Chinese (Beijing)“ b b B b b b

Chinese b b b b o b

(Singapore)”

Japanese 266 0.3¢ (+0.04), 254 0.29¢ (+£0.05), 48 0.28% (+0.05), <0.001 650 0.24" (+0.04), 594 0.22' (+0.04), 70 0.217 (£ 0.04), < 0.001
0.27 0.24 0.23 0.19 0.18 0.17

Malays and Indians b b b b b b

(Singapore)?

UK - HSS*¢ 81 0.30° (+0.03), 24 0.29" (+0.02), b b b b
0.28 0.26

Lower 20th percentile values are shown in italics.
@ Hertfordshire Sarcopenia Study (HSS) cohort is only comprised of male participants, and is classified into 2 age groups: 68.3 years-74.9years and 75.0 years-77.4 years, respectively.
b Figures not available.
€ ANOVA test for linear trend was used to examine any significant difference by age group.
4 Independent 2-sample t-test (2-tailed) was used to examine age-specific difference in mean values, with Chinese (Hong Kong) as reference. Only significant difference (P-value < 0.05) is reported.
¢ Significantly different from Chinese (Hong Kong) ~ Japanese (mean difference —0.01, P<0.001), and UK Caucasian (mean difference -0.02, P < 0.001).
I Significantly different from Chinese (Hong Kong) - Japanese (mean difference —0.02, P <0.001), and UK Caucasian (mean difference --0.02, P<0.001).
£ Significantly different from Chinese (Hong Kong) - Japanese (mean difference ~0.05, P< 0.001).
" Significantly different from Chinese (Hong Kong) - Japanese (mean difference -0.01, P<0.001).
i Significantly different from Chinese (Hong Kong) - Japanese (mean difference —0.04, P <0.001).
J Significantly different from Chinese (Hong Kong) - Japanese (mean difference —0.06, P < 0.001).
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E:Zlii;gve statistics and comparison by populations on average grip strength (kg).
Ethnic groups Male Female
n 65-74 n 75-84 n >85 P-value® n 65-74 n 75-84 n >85 P-value®

Mean (£SD), lowest 20th percentile
Chinese (Hong Kong)' 1295 32.7 (£6.05),27.5 543 28.64 (£621),24 42 2506 (+£6.74),19.3 <0.001 1292 21.09 (+4.18), 175 583 18.77 (+£3.78), 155 57 17.86 (+3.73), 145 <0.001
Chinese (Beijing)' 85 34 (+8.6),27.2 77 306" (£7.5), 23 10 27.4 (+5.6),20 <0.001 197 22V (£53), 175 96 209 (+6.1),155 3 162 (+33),°¢ <0.001
Chinese (Singapore)™’ 353 20.6% (+6.75),14 148 17.8"(£6.53), 126 165 17.8' (£647), 127 <0.001 541 14.2' (+£4.31),10.7 178 12%(+£3.74), 9 204 12'(£3.66),9 <0.001
Japanese" 266 35% (+6.1), 31 254 296" (+£64),25 48 229 (£57) 18 <0.001 650 23.1 (£5.1), 19 594 19.8% (+4.4), 16 70 17.3(£42) 15 <0.001
Malays and Indians (Singapore)*’ 41 18%(£5.73), 13.5 27 156" (+7.04),10.1 29 15.7'(+£6.82), 103 0.155 67 13.4) (+5.05), 9.1 14 10.6%(+3.7), 8 15 10.7' (£3.58), 8 0.023

UK - HSS>" 81

4045 (£8.2), 340 24

33.0" (+6.5), 28.0

d

Lower 20th percentile values are shown in italics.
2 Lower limb strength was used in Singapore data, measured by average knee extension (kg).

b

Corresponding statistics not available.

C
4 Figures not available.
e
r
&

Caucasian (mean difference 7.9, P<0.001).

" Significantly different from Chinese (Hong Kong) - Chinese (Beijing) (mean difference 1.96, P=0.011), Chinese (Singapore) (mean difference 10.84, P < 0.001), Japanese (mean difference 0.96, P=0.044), Malays and Indians

ANOVA test for linear trend was used to examine any significant difference by age group.
Independent 2-sample t-test (2-tailed) was used to examine age-specific difference in mean values, with Chinese (Hong Kong) as reference. Only significant difference (P-value < 0.05) is reported.
Significantly different from Chinese (Hong Kong) - Chinese (Singapore) (mean difference —12.1, P< 0.001), Japanese (mean difference 2.3, P < 0.001), Malays and Indians (Singapore) (mean difference —14.7, P < 0.001), and UK

(Singapore) (mean difference —13.04, P<0.001), and UK Caucasian (mean difference 5.56, P < 0.001).
! Significantly different from Chinese (Hong Kong) - Chinese (Singapore) (mean difference -7.26, P<0.001), and Malays and Indians (Singapore) (mean difference —9.36, P<0.001).

i Significantly different from Chinese (Hong Kong) - Chinese (Beijing) (mean difference 1.01, P=0.002), Chinese (Singapore) (mean difference ~6.89, P < 0.001), Japanese (mean difference 2.01, P < 0.001), and Malays and Indians

(Singapore) (mean difference —7.69, P <0.001).

k Significantly different from Chinese (Hong Kong) - Chinese (Beijing) (mean difference 2.13, P < 0.001), Chinese (Singapore) (mean difference —6.77, P < 0.001), Japanese (mean difference 1.03, P < 0.001), and Malays and Indians

(Singapore) (mean difference —~8.17, P< 0.001).
! Significantly different from Chinese (Hong Kong) ~ Chinese (Singapore) (mean difference —5.86, P<0.001), and Malays and Indians (Singapore) (mean difference -7.16, P=0.035).

Hertfordshire Sarcopenia Study (HSS) cohort is only comprised of male participants, and is classified into 2 age groups: 68.3 years-74.9 years and 75.0 years-77.4 years, respectively.

091

¥91-SS1 (¥102) S aupay dawuan uvadong /o 32 oom



- ¢l -

Table 1e
Descriptive statistics and comparison by populations on walking speed using best time (m/s).

Ethnic groups Male Female
n 65-74 n 75-84 n >85 P-value® n 65-74 n 75-84 n > 85 P-value®
Mean (£SD),
lowest 20th
percentile
Chinese 1295 1.12 (+0.22), 543 1(£0.22), 42 0.87 (£0.17), < 0.001 1292 1{+02), 583 0.88 (+0.22), 57 0.81 (+022), < 0.001
(Hong Kong) 0.94 0.81 0.73 0.84 0.71 0.58
Chinese 862 1.092° (£0.334), 533 1.007 (+0.335), 45 0.781 (+0.288), <0.001 1026 0.997 (+0.307), 498 0.936' (- 0.335), 43 0.753 (:£0.254), «0.001
(Beijing)® 0.853 0.711 0.534 0.736 0.647 0516
Chinese 353 1.4° (+£0.37), 148 1.3f(i~0.37), 165 1.2%(+0.38), < 0.001 541 1.3" (£ 0.32), 178 1.1 (032}, 204 1 (+£0.33), < 0.001
(Singapore)? 1.11 0.97 0.94 1 0.78 0.74
Japanese® 266 1.38° (£0.24), 254  1.237(+£0.25), 48 1.06% (+0.26), <0.001 650 1.37" (£ 0.25), 594  1.21'(+025), 70 1.03' (£ 0.25), <0.001
1.22 1 0.83 122 1 0.8
Malays and 41 1.4° (+0.36), 27 1.17(£0.39), 29 1.15 (£ 0.39), 0.002 67 1.1% (£0.27), 14 0.9 (+0.36), 15 0.9 (:0.35}, 0.008
Indians 0.99 0.71 0.7 0.82 0.62 0.64
(Singapore)®
UK - HSS*4 81 1.11 (+0.19), 24 1.09° (£0.22), b b b b
095 086

Lower 20th percentile values are shown in italics.

@ Hertfordshire Sarcopenia Study (HSS) cohort is only comprised of male participants, and is classified into 2 age groups: 68.3 years-74.9years and 75.0 years-77.4 years, respectively. Two values were missing.

® Figures not available.

€ ANOVA test for linear trend was used to examine any significant difference by age group.

9 Independent 2-sample t-test (2-tailed) was used to examine age-specific difference in mean values, with Chinese (Hong Kong) as reference. Only significant difference (P-value < 0.05) is reported.

¢ Significantly different from Chinese (Hong Kong) ~ Chinese (Beijing) (mean difference 0.028, P=0.019), Chinese (Singapore) (mean difference 0.28, P < 0.001), Japanese (mean difference 0.26, P« 0.001), and Malays and Indians
(Singapore) {(mean difference 0.28, P <0.001).

f Significantly different from Chinese (Hong Kong) - Chinese (Singapore) (mean difference 0.3, P< 0.001), Japanese (mean difference 0.23, P< 0.001), Malays and Indians (Singapore) (mean difference 0.1, P=0.028), and UK
Caucasian (mean difference 0.1, P=0.014),

& Significantly different from Chinese (Hong Kong) - Chinese (Singapore) (mean difference 0.33, P< 0.001), Japanese {mean difference 0.19, P< 0.001), and Malays and Indians (Singapore) (mean difference 0.23, P < 0.001).

" Significantly different from Chinese (Hong Kong) - Chinese (Singapore) (mean difference 0.3, P<0.001), and Japanese (mean difference 0.37, P« 0.001), and Malays and Indians {Singapore) {mean difference 0.1, P« 0.001).

I Significantly different from Chinese (Hong Kong) - Chinese (Beijing) (mean difference 0.056, P=0.001), Chinese (Singapore) (mean difference 0.22, P< 0.001), and Japanese {mean difference 0.33, P« 0.001).

i Significantly different from Chinese (Hong Kong) - Chinese (Singapore) (mean difference 0.19, P < 0.001), and Japanese (mean difference 0.22, P< 0.001).
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E::lii;{ive statistics and comparison by populations on time to complete 5 stands (second).
Ethnic groups Male Female
n 65-74 n 75-84 n >85 P-value® n 65-74 n 75-84 n >85 P-value®

Mean (+SD)
Chinese (Hong Kong) 1293 12.18 (+3.66) 536 13.31 (+3.81) 41 15 (%£5.7) <0.001 1271 12.79 (£4.3) 574 14.69 (+£6.33) 56 13.63 (+3.61) 0.003
Chinese (Beijing)® 55 11.2 (+3.5) 26 11.1% (+2.8) 1 17° <0.001 95 10.3' (£3.7) 40 14.2 (£ 12.8) 1 12.7° 0.135
Chinese (Singapore)* 353 10.7°(+3.16) 148  12.7 (£521), 165 129" (+5.35) <0.001 541 11.4'(£365) 178  13.1'(x£479) 204 14 (+9.03) <0.001
Japanese® 216 87 (+£1.9) 160 8.5%(+2) 12 8" (+1.9) 1 422 7.9' (+£2.5) 270 8.5 (+£2.6) 6 6.87" (£1.4) <0.001
Malays and Indians (Singapore)™* 41 115 (£3.229) 27 146 (+6.39) 29 145 (+£6.22) 0.023 67 141 (£624) 14 17 (£7.65) 15 165 (£7.62)  0.154
UK - HSS™® 81 17.17(x4.3) 24 17.6%(+4.0) ¢ ¢ ¢ ¢

2 Hertfordshire Sarcopenia Study (HSS) cohort is only comprised of male participants, and is classified into 2 age groups: 68.3 years-74.9 years and 75.0years-77.4 years, respectively. Three values were missing.
b Corresponding statistics not available.
¢ Figures not available.
4 ANOVA test for linear trend was used to examine any significant difference by age group.
¢ Independent 2-sample t-test (2-tailed) was used to examine age-specific difference in mean values, with Chinese (Hong Kong) as reference. Only significant difference (P-value < 0.05) is reported.
Significantly different from Chinese (Hong Kong) ~ Chinese (Singapore) (mean difference —1.48, P <0.001), Japanese (mean difference —4.18, P<0.001), and UK Caucasian (mean difference 4.92, P <0.001).
£ Significantly different from Chinese (Hong Kong) - Chinese (Beijing) (mean difference —2.21, P=0.004), Japanese (mean difference —4.81, P<0.001), and UK Caucasian (mean difference 4.09, P <0.001).
" Significantly different from Chinese (Hong Kong) - Chinese (Singapore) (mean difference 2.1, P=0.028), and Japanese (mean difference —7, P<0.001).
! Significantly different from Chinese (Hong Kong) - Chinese (Beijing) (mean difference —2.49, P<0.001), Chinese (Singapore) (mean difference —1.39, P<0.001), Japanese (mean difference —4.89, P<0.001), and Malays and
Indians (Singapore) (mean difference 1.31, P=0.018).
J Significantly different from Chinese (Hong Kong) - Chinese (Singapore) (mean difference —1.59, P=0.002), and Japanese (mean difference —6.19, P<0.001).
k Significantly different from Chinese (Hong Kong) - Japanese (mean difference —6.76, P<0.001), and Malays and Indians (Singapore) (mean difference 2.87, P=0.04).
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3. Results

The mean body mass index (BMI) for men aged 65-74 and the
20th percentile value for all Asian cohorts were similar. However
with increasing age, these values appeared to decline to different
degrees among the cohorts, with the Beijing Chinese, Singapore
Chinese, Malays and Indians having the least decline, whilst Hong
Kong Chinese and Japanese showed a more marked decline in the
age 85+ group (Table 1a).

For women, more variations were observed in mean and lowest
20th percentile values for all age groups, with a declining trend
with age, the lowest values for the 85+ age group occurring in the
Hong Kong Chinese, Malays and Indians. The trend for Singapore
Chinese was marginally non-significant. The mean values for UK
Caucasian older people were higher than all the Asian values.

Appendicular mass index also showed a declining trend with
age in Chinese and Japanese men and women, all values being
slightly lower among the Japanese (Table 1b). Mean Caucasian
values were higher than all Asian values. However if muscle mass
was expressed as a percentage of weight, then Chinese and
Japanese values were very similar, and also similar to Caucasian
values (Table 1c¢), although a significant age-related decline was
still observed.

For all age and ethnic groups, muscle strength was higher
among men compared with women, and showed a decline with
age. Excluding the Singapore cohort data, there were variations
between Chinese and Japanese, as well as Chinese in different
locations (Table 1d). All Asian values were lower than Caucasians.
Similarly, walking speed differed between the cohorts, irrespective
of ethnicity; Singaporean and Japanese cohorts had faster walking
speeds than Chinese in Hong Kong and Beijing (Table 1e). All
cohorts showed age-related decline, but the decline in mean values
varied between cohorts. Overall walking speed values for Asians
and Caucasians were similar. With respect to time for the chair
stand, the best performance was observed in the Japanese cohort,
while the Hong Kong Chinese and Malays and Indians showed the
greatest decline in performance with age (Table 1f). No significant
decline with age was observed among Beijing Chinese, Singapore
Indian and Malaysian women. Performance for Caucasians was the
poorest.

4. Discussion

This descriptive comparison of parameters used for the
definition of sarcopenia shows considerable variations within
Asian populations that do not fall into any particular pattern
according to ethnicity (body size and shape presumably being
underlying factors for ethnic difference), or geographic location.
Furthermore, while many parameters show age-related decline,
some cohorts exhibit greater decline than others, the extent again
not following any pattern according to ethnicity or geographic
location. These findings would be compatible with within Asian
variations being explained by different body size and shape;
lifestyle habits (nutrition and pattern of physical activity); cultural
traditions such as sleeping and sitting on the floor or low lying
furniture among Japanese, etc.; and differing prevalence of frailty
with ageing populations. A further complication is that in
considering cut-off values for ASM, a value less than 2SD from
young adult mean values may be employed, and young adult mean
values may also be influenced by lifestyle or early life course
factors, such that lower young adult mean values may give rise to
lower prevalence of sarcopenia in older adults if muscle mass is
considered, as has been pointed out by Lau et al. [10].

The diversity of mean values, approach to diagnosis, and
methods used in measurement is highlighted further in a group of

papers on research on sarcopenia in Asia published recently as a
supplement in Geriatrics and Gerontology International (2014,
volume 14, supplement 1).

Nevertheless, Asian values for BMI, ASM/height?, and grip
strength were much lower compared with those for Caucasian
populations reported in the UK HCS study. Similarly, the mean (SD)
BMI for older Italians aged 60-69 was 27.0(3) for men and
26.6(3.8) for women, and for those aged 70-80, 27.1(3.4) for men
and 25.6(3.7) for women [20]. The values for ASM/height? for the
Italian cohort aged 60-69 were also higher, being 8.6(0.9) for men
and 6.7(0.9) for women; and for age group 70-80, 8.5(0.9) for men
and 6.4(0.8) for women. However, Asian values for walking speed
are very similar to those for Caucasians: 0.9(0.1) for men and
0.9(0.2) for women in the UK cohort. On the other hand, physical
performance measure as assessed using chair stand was the worst
among Caucasian older people. It is uncertain whether the longer
chair stand times may be related to the higher BMI for Caucasian
older people or just reflect protocol differences between the
studies. A point of note is that ASM/ht? significantly decline with
age in both men and women after age 65 to the same extent,
suggesting that achievement of a higher peak muscle mass may
attenuate the impact of age-related muscle loss.

The implications for searching for a universal definition of
sarcopenia that involves absolute measurements is that possibly
one cut-off value for walking speed may be applicable to all ethnic
groups and different geographic locations, while different cut-off
values for muscle mass, strength and other physical performance
measures may be needed. Cut-off values have been proposed
recently by the AWGS consensus opinion [8]. The AWGS also
recommends a cut-off value for walking speed of 0.8 m/sec.
However the cut-off values for muscle mass and grip strength are
lower: height-adjusted ASM being 7.0 kg/m? for men and 5.4 kg/
m? for women using DEXA, and 7.0 kg/m? for men and 5.7 kg/m?
for women using BIA; and for grip strength the cut-off values are
26 kg for men and 18 kg for women. The findings also raise the
question of the use of ASM/weight being a more universally
applicable measurement of muscle mass.

While cut-off values may be used for epidemiological compar-
isons of sarcopenia prevalence, the most important aspect is the
relationship with incident lower extremity physical limitation. It
could be argued that the definition should be based on outcomes
from longitudinal studies, as had been proposed by Woo et al. with
respect to ASM/height? [9]. Along similar lines, a new parameter
has been proposed recently by the Foundation of the National
Institutes of Health to define sarcopenia: the skeletal muscle
function deficit which seeks to relate muscle mass, strength and
function cut points to mobility limitation [21]. Exact values used
may not be as important for intervention studies, since change in
outcomes are being measured, so that the criteria would only be
used for recruitment of participants for these trials.

It may be that walking speed alone may be used as a single
indicator in future, which would be applicable to all population
groups.

There are limitations in this descriptive study, since the
characteristics of cohorts may be slightly different, although they
are matched by gender and age groups. For example, the Japanese
cohort excluded those with stroke, while the Hong Kong cohort did
not. However, for the latter cohort the numbers with stroke were
small, so that the mean values were not affected after participants
with history of stroke were excluded. Furthermore, different
instruments and protocols were used for measurement: the
Japanese cohort used BIA while the Hong Kong Chinese cohort
used DEXA. The grip strength instruments were different between
cohorts, although this may improve in the future as a standardized
approach to measurement has now been developed [22]. No
standardizations were made. Only available data were used, and
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these were few. Nevertheless, this descriptive comparison is of
interest in highlighting ethnic and cultural variations for some, but
not all the parameters used in the definition of sarcopenia, such
that for research and clinical care, appropriate classification should
be used. Moreover, future studies may explore the underlying basis
for variations in these parameters, and the utility of using a single
parameter (walking speed) as a universal method for identification
of sarcopenia in relating the syndrome to future adverse outcomes.
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Abstract

Objective: to examine the clinical evidence reporting the prevalence of sarcopenia and the effect of nutrition and exercise

interventions from studies using the consensus definition of sarcopenia proposed by the European Working Group on

Sarcopenia in Older People (EWGSOP).

Methods: PubMed and Dialog databases werte searched (January 2000—October 2013) using pre-defined search terms.

Prevalence studies and intervention studies investigating muscle mass plus strength or function outcome measures using the

EWGSOP definition of sarcopenia, in well-defined populations of adults aged 250 years were selected.

Results: prevalence of sarcopenia was, with regional and age-related variations, 1-29% in community-dwelling populations, 14—

33% in long-term care populations and 10% in the only acute hospital-care population examined. Moderate quality evidence sug-
_gests that exercise interventions improve muscle strength and physical performance. The results of nutrition interventions are
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Prevalence of and interventions for sarcopenia in ageing adults

equivocal due to the low number of studies and heterogeneous study design. Essential amino acid (EAA) supplements, including
~2.5 g of leucine, and B-hydroxy B-methylbutyric acid (HMB) supplements, show some effects in improving muscle mass and
function parameters. Protein supplements have not shown consistent benefits on muscle mass and function.

Conclusion: prevalence of sarcopenia is substantial in most getiatric settings. Well-designed, standardised studies evaluating exer-
cise or nutrition interventions are needed before treatment guidelines can be developed. Physicians should screen for sarcopenia in
both community and getiatric settings, with diagnosis based on muscle mass and function. Supervised resistance exercise is recom-
mended for individuals with satcopenia. EAA (with leucine) and HMB may improve muscle outcomes.

Keywords: exercise intervention, nutrition intervention, prevalence, age-related, sarcopenia, older people

Introduction

Although exercise and nutrition interventions have proved
efficacy to treat different conditions in various populations
of adults and older people, the effects in those with sarcope-
nia have received less attention. Sarcopenia has been defined
as the loss of skeletal muscle mass and strength that occurs
with advancing age [1]. However, until recently, there has
been no widely accepted definition of sarcopenia that was
suitable for use in research and clinical practice.

A practecal clinical definition of, and consensus diagnostic
ctiteria for, age-related sarcopenia was developed in 2009-10
and reported by the European Working Group on Sarcopenia
in Oldet People (EWGSOP) [2]. The EWGSOP provided a
working definition of sarcopenia as ‘a syndrome characterised
by progressive and generalised loss of skeletal muscle mass
and strength with a risk of adverse outcomes such as physical
disability, poor quality of life and death’ [2]. They proposed
that satcopenia is diagnosed using the criteria of low muscle
mass and low muscle function (either low strength and/or low
physical performance) [2]. A similar approach was taken in
2009 by the International Working Group on Sarcopenia
IWGS), who provided a consensus definition of sarcopenia
as ‘age-associated loss of skeletal muscle mass and function’.
This group proposed that sarcopenia is diagnosed based on a
low whole-body or appendicular fat-free mass in combination
with poot physical functioning [3].

To date, most prevalence and intervention studies have
used vatied definitons of sarcopenia that are not current
(e.g. based only on decreased muscle mass) and the results
may therefore be misleading and difficult to interpret.
However, with the implementation of new operational defini-
tions of satcopenia, it may be possible to define the natural
course of the condition and determine which treatments are
effective. In 2013, representatives of the EWGSOP, IWGS
and international experts from Asia and America came to-
gether to form the International Sarcopenia Initiative (ISI)
with the intention of developing a systematic review of some
aspects of sarcopenia. Specifically, the aims of this systematic
review were to (i) assess the prevalence of sarcopenia using
definitions that include both muscle mass and muscle func-
tion, as proposed by the EWGSOP and the IWGS; and
(ii) to review interventions with nutrition and exercise that
used both muscle mass and muscle function as outcomes.

Methods

Search strategy

PubMed and Dialog databases were searched from January
2000 to May 2013 using the pre-defined search terms satco-
penia and muscle mass: additional pre-defined search terms
were applied (see Supplementary data available in Age and
Ageing online, Appendix S1) for each of the three ateas of
interest: prevalence of sarcopenia, nutrition interventions
for sarcopenia and exercise interventions for sarcopenia
(Figure 1). An additional short search of PubMed and Dialog
databases using the terms ‘sarcopenia’, ‘elderly’, ‘intervention’,
‘prevalence’ and ‘treatment’ was conducted to cover articles
published in the period May—October 2013 (Figure 1). The
reference lists of systematic review articles and meta-analyses
were scanned for any additional references missed from the
PubMed and Dialog searches. The expert group was also
asked to identify and provide any additional papers; they
deemed to have been missed in the formal literature searches.

Eligibility criteria
Actross all three categories, only studies that enrolled partici-
pants aged 50 years and older within well-defined popula-
tions (such as those in community-dwelling, hospital and
nursing home/getiatric settings) were included. Prevalence
studies were included if sarcopenia had been assessed
according to the EWGSOP definition of sarcopenia, i.e.
based on muscle mass and muscle strength or physical per-
formance [2]. They wete excluded if they only used muscle
mass to define sarcopenia. Nutrition and exercise interven-
tion studies were included if the outcome measures repotted
for the interventions included muscle mass and at least one
measure of muscle strength or physical performance, even
when the population studied was not defined as sarcopenic.
If these outcomes were not cleatly stated within the study
methodology, the study was excluded. Other criteria used
to exclude studies in each of the three categories are provided
in Supplementary data available in Age and Ageing online,
Appendix S2.

Observational studies were included in the prevalence cat-
egory, but for the exercise and nutrition intervention categories,
only randomised controlled trials were selected. The ISI group
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