Table 1. Cont.

Metabolic Syndrome and Sarcopenia

All Sarcopenia No sarcopenia p

Men 977 139 (14.2%) 838 (85.8%)

Large 13.1% 9.6% 14.1%

Normal 72.4% 64.1% 74.8%

Small 11.2% 20.9% 8.4%

Very small 1.3% 4.1% 0.5%
Physical activity (Mets) 3722.7:3429.5 2748.0::2825.0 4000.0-3535.6 <0.001
Medical history

Hypertension 39.8% 45.9% 38.1% 0.04

Diabetes 8.8% 8.2% 8.9% 0.73

Dyslipidemia 46.9% 45.5% 47.3% 0.63

Stroke 4.7% 5.9% 4.4% 0.35

CAD 4.9% 5.5% 4.8% 0.68

Cancer 11.2% 11.8% 11.0% 0.73
Medication use

Statin 30.3% 29.1% 30.6% 0.66

rounding.

lipoprotein cholesterol; BP, blood pressure; FPG, fasting plasma glucose.
doi:10.1371/journal.pone.0112718.t001

instead of MetS was conducted to evaluate the association between
MetS components and the sarcopenia component. Finally, each
component of MetS was introduced as a covariate to the multiple
linear regression model between MetS and the sarcopenia
component to test if the MetS component could explain the
agsociation between MetS and the sarcopenia component.
Considering that the number of combinations between MetS
components and sarcopenia components is quite high, the analyses
between MetS components and sarcopenia components were
considered supplemental and carried out only when the associa-
tion between MetS and any of the sarcopenia components was
statistically significant, in order to decrease the possibility of
finding associations that were significant just by chance alone.

There were no missing values of any variable in the entire
analytic sample.

Mean and standard deviation are shown for continuous variables, and proportions as percent for categorical variables. Percentages may not add up to 100 because of

Abbreviations: BMI, body mass index; SMI, skeletal muscie mass index; MetS, metabolic syndrome; TG, triglycerides; CAD, coronary artery disease; HDL-C, high density

All analyses were conducted using SAS version 9.3 (SAS
Institute Inc., Cary, NC) and R statistical software version 2.15.2
(R Foundation, Vienna, Austria). Two-sided p<<0.05 was consid-
ered statistically significant.

Results

Subject characteristics

The prevalence of sarcopenia was 14.2% in men and 22.1% in
women, and 43.6% of men and 28.9% of women were classified as
having MetS. The characteristics of the study subjects by the
sarcopenia status in each sex are shown in Table 1. Those with
sarcopenia were older and had smaller body size compared with
those without sarcopenia in each sex. Those with sarcopenia were
physically less active and had smaller food intake in each sex. The
prevalence of MetS was higher in those without sarcopenia, but

Table 2. Adjusted associations of metabolic syndrome with sarcopenia in men and women.

Men Women

OR (95% CI) p OR (95% CI) p
Model 1 0.58 (0.38, 0.87) 0.008 0.55 (0.38, 0.79) 0.001
Model 2 2.05 (1.21, 3.47) 0.007 1.06 (0.69, 1.65) 0.79
Model 3 2.08 (1.22, 3.54) 0.007 1.03 (0.66, 1.61) 0.89
Model 3a 1.49 (0.80, 2.76) 0.21 1.02 (0.57, 1.85) 0.94
Model 3b 4.99 (1.73, 14.40) 0.003 1.03 (0.52, 2.04) 0.93

Abbreviations: OR, odds ratio; Cl, confidence interval.

Model 1: adjusted for age.

Model 2: adjusted for age, height and weight.

Model 3: adjusted for age, height, weight, physical activity and food intake.

doi:10.1371/journal.pone.0112718.t002
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Model 3a: Adjusted for the same covariates as in Model 3, restricted to those aged 75 or over.
Model 3b: Adjusted for the same covariates as in Model 3, restricted to those aged 65 to 74.
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Figure 1. Fully adjusted odds ratio and 95% confidence
interval of sarcopenia by individual metabolic syndrome
components in all subjects and according to age group. Black
bars: all subjects, dark-gray bars: subjects aged 65 to 74 years, light-gray
bars: subjects aged 75 years or over. All models are adjusted for age,
height, weight, physical activity and food intake. AO, abdominal
obesity; TG, elevated triglycerides; HDL, low high density lipoprotein;
Glu, elevated fasting plasma glucose; BP, high blood pressure. A) Men.
B) Women.

doi:10.1371/journal.pone.0112718.g001

the difference was significant only in men (p = 0.048 in men, 0.052
in women). Among the five MetS components, abdominal obesity
was significantly more prevalent in those without sarcopenia in
each sex.

Association between MetS and sarcopenia

In multiple logistic regression adjusted for age, MetS was
significantly associated with decreased risk of sarcopenia in each
sex (Table 2, Model 1). However, after additional adjustment for
body size (i.e., height and weight), MetS was significantly
associated with #ncreased risk of sarcopenia in men, while the
association between MetS and sarcopenia became non-significant

PLOS ONE | www.plosone.org
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in women (Table 2, Model 2). Further adjustment for life-style risk
factors had little effect on the association (Table 2, Model 3).
Exclusion of subjects who did not meet the criteria for MetS but
had one or two MetS components (i.e., comparing those with
MetS and those with no MetS component) yielded stronger MetS-
sarcopenia association in men (OR 8.25, 95% CI 2.17-31.37,
p =0.002), but the association remained non-significant in women
(OR 1.10, 95% CI 0.48-2.94, p=0.83). In the fully adjusted
model, the interaction between MetS and age was statistically
significant in men (p = 0.02), suggesting that the effect of MetS on
sarcopenia may vary by age. We then divided the subjects into two
groups according to age: “young old” (65-74 years) and “old old”
(=75 years). The characteristics of the subjects by the sarcopenia
status in each subgroup (young-old and old-old) are shown in
Table SI. In the age-stratified analysis, MetS was significantly
associated with sarcopenia in “young old” men only (Table 2,

Model 3b).

Associations of MetS components with sarcopenia

Multiple logistic regression models demonstrated that, of the
five MetS components, only abdominal obesity was significantly
associated with increased risk of sarcopenia in men (odds ratio
[OR] 2.98, 95% confidence interval 1.55-5.63, p=0.001) while
none of the MetS components was significantly associated with
sarcopenia in women (Figure 1). Abdominal obesity was signifi-
cantly and independently associated with sarcopenia in men in the
model including all five MetS components simultaneously (OR
2.89, 95% CI 1.51-5.53, p=0.001). When abdominal obesity was
added as a covariate to the logistic regression model between MetS
and sarcopenia, the MetS-sarcopenia association became statisti-
cally non-significant (p = 0.12), suggesting that the MetS-sarcope-
nia association was mainly mediated by abdominal obesity. In the
age-stratified analysis, abdominal obesity and elevated TG were
significantly associated with sarcopenia (OR 6.22, 95% CI 1.82—
21.22, p=0.004 and OR 3.37, 95% CI 1.23-9.28, p=0.02,
respectively) in young-old men, but no significant associations were
observed between MetS components and sarcopenia in old-old
men or women. Abdominal obesity and elevated TG remained
significantly associated with sarcopenia in young-old men in the
model including all five MetS components simultaneously (OR
6.32, 95% CI 1.81-22.06, p=0.004 and OR 3.30, 95% CI 1.19-
9.13, p=0.02, respectively). Addition of abdominal obesity and
elevated TG to the model between MetS and sarcopenia in young-
old men made the MetS-sarcopenia association statistically non-
significant (p = 0.13).

Associations of MetS with sarcopenia components

In fully-adjusted multiple linear regression models, MetS was
assoclated with lower grip strength in each sex and lower muscle
mass in men (Table 3). When analysis was stratified by age, the
inverse associations of MetS with muscle mass and grip strength in
men remained significant except for the association between MetS
and muscle strength in the old-old group, which became
statistically non-significant (Table 3). In women, the inverse
association between MetS and grip strength was observed in the
old-old group only. The association between MetS and muscle
mass became significant in old-old women in the age-stratified
analysis.

In the subsequent supplementary analysis, abdominal obesity
was significantly associated with lower grip strength in each sex
and with lower muscle mass in men (Table S2). In addition, low
HDL-C was associated with lower grip strength, and high TG was
associated with lower muscle mass in men. These associations
observed in men were significant in the young-old group only in
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groups in men and women*',
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Table 3. Adjusted associations of metabolic syndrome with individual sarcopenia components in all subjects and according to age

Men Women

beta (95% CI) p beta (95% Cl) p
Skeletal muscie mass index
All ~0.14 (—0.20, ~0.09) <0.001 ~0.05 (~0.10, 0.007) 0.09
Old-old —0.13 (~0.24, ~0.03) 0.009 ~0.10 (—0.19, —0.005) 0.04
Young-old =015 (—0.22, —0.08) <.0.001 -0.02 (—0.09, 0.05) 0.57
Grip strength
All -0.98 (—1.68, —0.28) 0.006 —~0.61 (—1.11, —0.10) 0.02
Old-old —0.65 (—1.76, 0.45) 0.25 —0.84 (—1.64, —0.05) 0.04
Young-old —1.26 (—2.17, —0.34) 0.007 ~0.38 (—1.04, 0.27) 0.25
Usual gait speed
All —0.02 (—0.06, 0.01) 0.22 -0.01 {~-0.05, 0.02) 0.55
Old-old ~0.006 {~0.06, 0.05) 0.83 —0.03 (~0.08, 0.03) 036
Young-old -0.03 (~0.07, 0.009) 0.13 0.004 (—0.04, 0.05) 0.86

Abbreviations; Cl, confidence interval.

doi:10.1371/journal.pone.0112718.t003

the age-stratified analysis. For women, the only significant
association observed was between high TG and lower muscle
mass in the old-old group.

The association between MetS and grip strength became
statistically non-significant after introduction of abdominal obesity
into the model in each age group and sex. The introduction of
abdominal obesity attenuated the association between MetS and
muscle mass (l.e., decreased the magnitude of the regression
coefficient) in each age group and sex by more than 10%, more
markedly than did any other MetS component, consistent with
abdominal obesity dominating the association of MetS with
sarcopenia components (data not shown).

Discussion

In this cross-sectional analysis of 1971 functionally-independent,
community-dwelling adults older than 65, MetS was associated
with increased risk of sarcopenia, particularly in “young-old” men
(aged 65 to 74), after adjustment for potential confounders
including body size. Without adjustment for body size, MetS
was associated with decreased risk of sarcopenia, suggesting that
body size can confound the association between MetS and
sarcopenia and should be taken into account when considering the
impact of cardiovascular risk factors on muscle.

We demonstrated that MetS was associated with lower muscle
mass and lower muscle strength, but the effects varied by sex and
age. The adverse effects of MetS on muscle mass and strength
were mainly observed in the young-old group for men. In stark
contrast, women were mostly insusceptible to adverse effects of
MetS on muscle, except for the marginally statistically significant
associations of MetS with muscle mass and strength in the old-old
group (age 75 or older). The mechanisms underlying the age- and
sex-related differences in the associations between MetS and
muscle mass/strength need to be explored in future research, but
possible explanations may include the effects of sex hormones on

PLOS ONE | www.plosone.org

*All the models were adjusted for age, height, weight, physical activity and food intake.
*The young-old group refers to those aged 65 to 74 and the old-old group to those aged 75 or older.

skeletal muscle. MetS is associated with lower testosterone level
[24]. Considering that testosterone is positively related to muscle
strength [25], it is conceivable that one of the pathways through
which MetS exerts its adverse effects on muscle is via testosterone.
Since testosterone decreases with age [26) and is lower in women
than in men, younger men, with relatively high levels of
testosterone, may be especially vulnerable. Another possible
explanation is cytokines secreted by adipose tissue, so-called
adipokines. Adipose tissue produces and releases adipokines such
as adiponectin and leptin as well as pro-inflammatory cytokines
such as IL-6 [27]. Skeletal muscle is an important target tissue for
these molecules, and circulating levels of such molecules are
influenced by the amount of adipose tissue as well as age and sex
[28,29].

Several studies have reported an inverse association between
MetS and muscle strength in younger men and women [30,31].
One small cross-sectional study of older adults revealed an inverse
association between MetS and muscle strength in men, but not in
women [19]. This study also demonstrated that the association
between MetS and muscle strength was more pronounced in men
aged 65-74 compared to men aged 75 or older, consistent with
our findings. Low muscle mass, with or without the presence of
obesity, is associated with MetS in younger men and women [32—
34]. Several studies in older adults showed an inverse association
between MetS and muscle mass [35,36], but these studies did not
assess men and women separately.

We also demonstrated that the observed associations of MetS
with the summary definition of sarcopenia or its individual
components were mainly driven by abdominal obesity regardless
of sex and age. Neither high BP nor elevated FPG showed a
statistically significant association with sarcopenia or its compo-
nents. Only a few studies have assessed which MetS components
are main contributors to the association between MetS and the
summary definition of sarcopenia or its components. An inverse
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association between MetS and physical performance was found in
the cross-sectional analysis of a large-scale cohort study of older
men, with obesity having the highest regression coefficient on
physical performance among five MetS components [37].
Likewise, another large-scale cohort study of older adults found
an assoclation between MetS and poor physical performance, with
abdominal obesity explaining the largest fraction of the variation
in physical performance [38]. Our findings confirmed these
previous studies and additionally demonstrated that abdominal
obesity may be the main contributing factor for the associations of
MetS with sarcopenia and its individual components regardless of
sex and age, suggesting that there is a common mechanism
underlying the adverse effects of MetS on muscle, for which
abdominal obesity may partly be a marker, and that additional
factors are at play causing sex- and age-related differences.
Visceral fat accumulation, or abdominal obesity, is hypothesized to
play an essential role in the development of MetS, given its
propensity to cause insulin resistance, chronic inflammation and
lower adiponectin levels [39—42]. All these factors may also be
involved in the pathophysiological process of development of
sarcopenia [6-9,28], and we postulate that abdominal obesity may
represent a clinical phenotype that is associated with increased risk
of developing both MetS and sarcopenia. This study had several
limitations. First, it could not be free of unmeasured or
uncontrolled confounders due to its observational nature. In
addition, since this study was cross-sectional, we could not infer a
causal relationship between MetS and sarcopenia. Low muscle
mass is associated with physical inactivity [10] and insulin
resistance [43], and therefore could lead to the development of
MetS. We speculate that, in reality, sarcopenia and MetS are
deeply intertwined and cause adverse effects on each other,
leading to frequent co-existence of these two syndromes. Second,
medical history, use of medication and food intake were self-
reported. Even though we used a standardized questionnaire,
reporting bias was possible. Third, we did not collect information
on or adjust for food composition such as total calories, which may
confound the sarcopenia-MetS association. Finally, since the
subjects were exclusively functionally-independent Japanese older
adults, our findings may not be able to be generalized to older
adults from other racial/ethnic groups.

In conclusion, this study comprehensively examined the
associations of MetS with sarcopenia and its individual compo-
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Aim: To develop a simple screening test to identify older adults at high risk for sarcopenia.

Methods: We studied 1971 functionally independent, community-dwelling adults aged 65 years or older randomly
selected from the resident register of Kashiwa city, Chiba, Japan. Data collection was carried out between September
and November 2012. Sarcopenia was defined based on low muscle mass measured by bioimpedance analysis and
either low muscle strength characterized by handgrip or low physical performance characterized by slow gait speed.

Results: The prevalence of sarcopenia was 14.2% in men and 22.1% in women. After the variable selection
procedure, the final model to estimate the probability of sarcopenia included three variables: age, grip strength and
calf circumference. The area under the receiver operating characteristic curve, a measure of discrimination, of the final
model was 0.939 with 95% confidence interval (CI) of 0.918-0.958 for men, and 0.909 with 95% CI of 0.887-0.931
for women. We created a score chart for each sex based on the final model. When the sum of sensitivity and specificity
was maximized, sensitivity, specificity, and positive and negative predictive values for sarcopenia were 84.9%, 88.2%,
54.4%, and 97.2% for men, 75.5%, 92.0%, 72.8%, and 93.0% for women, respectively.

Conclusions: The presence of sarcopenia could be detected using three easily obtainable variables with high
accuracy. The screening test we developed could help identify functionally independent older adults with sarcopenia
who are good candidates for intervention. Geriatr Gerontol Int 2014; 14 (Suppl. 1): 93-101.

Keywords: disability, rehabilitation, sarcopenia, screening, sensitivity and specificity.

Introduction

Sarcopenia is a syndrome characterized by progressive
and generalized loss of skeletal mass and strength with
aging.! A recent realization that sarcopenia is associated
with a risk of adverse events, such as physical disability,
poor quality of life and death, has provided significant
impetus to sarcopenia research.’ Effective interventions
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have been vigorously sought and some interventions,
such as resistance training in combination with nutri-
tional supplements, appear promising.>* It is also
becoming apparent that interventions might be more
effective early rather than late in the course when
patients develop physical disability or functional depen-
dence.* The early stage in the course of sarcopenia (i.e.
without loss of physical or functional independence)
might therefore represent a valuable opportunity to
carry out interventions to decelerate the progress of
sarcopenia and prevent physical disability.

However, patients with sarcopenia are generally
unaware of their sarcopenic state until the gradual
decline in muscle function becomes severe enough to
be pathological, resulting in physical and functional
dependence.*® As patients are unlikely to seek medical
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attention for their sarcopenic state, population screen-
ing to detect sarcopenia before the occurrence of physi-
cal disability could improve the chance of intervention.

Currently, the recommended criteria for the diagnosis
of sarcopenia require the documentation of low muscle
mass and either low muscle strength or low physical
performance." Muscle mass is commonly assessed by
dual energy X-ray absorptiometry (DXA) or bioim-
pedance analysis (BIA), muscle strength with handgrip
strength, and physical performance with Short Physical
Performance Battery or usual gait speed.'” Unfortu-
nately, the feasibility of applying the recommended
diagnostic algorithm in the setting of population screen-
ing is limited by the need for special equipment
and training. Hence, a screening test for sarcopenia
simple enough to be carried out on a large scale is
required.

Using baseline data from the Kashiwa study on func-
tionally independent, community-dwelling older adults,
we designed an analysis to develop a simple screening
test for sarcopenia and examine its ability to estimate the
probability of sarcopenia.

Methods

Participants

The Kashiwa study is a prospective cohort study
designed to characterize the biological, psychosocial
and functional changes associated with aging in
community-dwelling older adults. In 2012, a total of
12 000 community-dwelling, functionally independent
(i.e. not requiring nursing care provided by long-term
care insurance) adults aged 65 years or older were ran-
domly drawn from the resident register of Kashiwa city,
a commuter town for Tokyo in Chiba prefecture, Japan,
and asked by mail to participate in the study. A total of
2044 older adults (1013 men, 1031 women) agreed to
participate in the study and comprised the inception
cohort. The sample reflected the distribution of age in
Kashiwa city for each sex.

Baseline examinations were carried out between Sep-
tember and November 2012 at welfare centers and
community centers close to the participants’ residential
area, to obviate their need to drive. A team consisting
of physicians, nurses, physical therapists, dentists and
nutritionists carried out data collection. To standardize
data collection protocol, they were given the data col-
lection manual, attended two sessions for training in
the data collection methods and carried out a rehearsal
of data collection. A total of 73 participants who
did not undergo BIA, usual gait speed or handgrip
strength measurements were excluded, leaving an
analytic sample of 1971 older adults (977 men, 994
women).
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The study was approved by the ethics committee of
the Graduate School of Medicine, The University of
Tokyo. All participants provided written informed
consent.

Sarcopenia classification and measurement of each
component of sarcopenia

We followed the recommendation of the European
Working Group on Sarcopenia in Older People
(EWGSOP) for the definition of sarcopenia.' The pro-
posed diagnostic criteria required the presence of low
muscle mass plus the presence of either low muscle
strength or low physical performance.

Muscle mass measurement

Muscle mass was measured by BIA using an Inbody 430
machine (Biospace, Seoul, Korea).® Appendicular skel-
etal muscle mass (ASM) was derived as the sum of the
muscle mass of the four limbs. ASM was then normal-
ized by height in meters squared to yield skeletal muscle
mass index (SMI) (kg/m?)." SMI values lower than two
standard deviations below the mean values of young
male and female reference groups were classified as low
muscle mass (SMI <7.0 kg/m?* in men, <5.8 kg/m? in
women).’

Muscle strength measurement

Muscle strength was assessed by handgrip strength,
which was measured using a digital grip strength dyna-
mometer (Takei Scientific Instruments, Niigata, Japan).
The measurement was carried out twice using their
dominant hand, and the higher of two trials (in kilo-
grams) was used for the present analysis. Handgrip
strength values in the lowest quintile were classified as
low muscle strength (cut-off values: 30 kg for men,
20 kg for women).

Physical performance measurement

Physical performance was assessed by usual gait speed.
Participants were instructed to walk over an 11-m
straight course at their usual speed. Usual gait speed
was derived from 5 m divided by the time in seconds
spent in the middle 5 m (from the 3-m line to the 8-m
line). Good reproducibility of this measurement was
reported previously.”’ Usual gait speed values in the
lowest quintile were classified as low physical perfor-
mance (cut-off values: 1.26 m/s for each sex).

Other measurements
Demographic information and medical history of

doctor-diagnosed chronic conditions were obtained
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using a standardized questionnaire. Physical activity was
assessed using Global Physical Activity Questionnaire
and Metabolic Equivalent minutes per week was com-
puted.! Serum albumin was measured at the time of the
visit. Anthropometric measurements were obtained
with the participants wearing light clothing and no
shoes. Height and weight were measured with a fixed
stadiometer, and a digital scale and used to compute
body mass index (BMI). Upper arm, thigh and calf cir-
cumferences were measured to the nearest 0.1 cm
directly over the skin using a measuring tape with the
participant sitting. Upper arm circumference was mea-
sured at the mid-point between the olecranon process
and the acromion of the non-dominant arm with the
participant’s arm bent 90° at the elbow. Calf circumfer-
ence measurement was made at the maximum circum-
ference of the lower non-dominant leg with the
participant’s leg bent 90° degrees at the knee. Thigh
circumference was measured 15 cm above the upper
margin of the patella of the dominant leg.

Statistical analysis

All analyses were stratified by sex. Differences in par-
ticipant characteristics between those with and without
sarcopenia were examined using Student’s ¢-test or
Wilcoxon rank-sum test. To develop a statistical model
to estimate the probability of sarcopenia, candidate vari-
ables were selected by experts based on cost, ease of
measurement and availability of equipment to measure
them. The candidate variables included age, sex, BMI,
grip strength, and thigh, calf and upper arm circumfer-
ences. Pearson’s correlation between each component
of sarcopenia and the candidate variables was first com-
puted. We then examined the functional form of the
relationships between the variables, and the logit of
sarcopenia probability using restricted cubic spline plots
and the Wald test for linearity.”? We considered
dichotomization, square and logarithmic transforma-
tions if the Wald test for linearity was statistically sig-
nificant, rejecting the assumption of linearity.'> A
multivariate logistic regression model including all the
candidate variables (“full model”) was constructed.
Variable selection with Bayesian Information Criteria
was carried out to make the model parsimonious, and
a multivariate logistic regression model including the
variables selected (“restricted model”) was made.’® A
bootstrapping procedure was used to obtain estimates
of internal validity of the model'* and to derive the final
models by correcting the regression coefficients for
overoptimism."”® The final model was presented as a
score chart to facilitate clinical application."” The score
chart was created based on rounded values of the
shrunken regression coefficients.

The ability of each model to correctly rank order
participants by sarcopenia probability (discrimination
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ability) was assessed by the area under the receiver
operator characteristic (ROC) curve.'®'” The model fit
was verified using the Hosmer-Lemeshow goodness-of-
fit test.’®

There were no missing values of any variable in the
entire analytic sample.

All analyses were carried out using SAS version
9.3 (SAS Institute, Cary, NC, USA) and R stati-
stical software version 2.15.2 (R Foundation, Vienna,
Austria). Two-sided P < 0.05 was considered statistically
significant.

Results

There were 32.2% of men and 48.9% of women clas-
sified as having low muscle mass, and 14.2% of men
and 22.1% of women were classified as having
sarcopenia. The participant characteristics by the
sarcopenia status in each sex are shown in Table 1.
Those with sarcopenia were older and had smaller body
size compared with those without sarcopenia in each
sex (all P <0.001). Those with sarcopenia were physi-
cally less active in each sex. Chronic medical conditions
were in general more prevalent in those with sarcopenia,
and a statistically significant difference was observed for
hypertension in women, stroke in men and osteoporosis
in both sexes. Serum albumin was significantly lower in
those with sarcopenia in each sex.

Table 2 shows the correlation between each compo-
nent of sarcopenia and the candidate variables. SMI was
correlated with all the variables, with the highest corre-
lation coefficient observed with calf circumference in
each sex. Usual gait speed was most highly correlated
with age, followed by grip strength and calf circumfer-
ence in the order of the magnitude of correlation, and
this finding was consistent in both sexes.

Visual inspection of the restricted cubic spline plots
and the Wald test for linearity suggested that the
variables were linearly associated with the logit of
sarcopenia probability, except for grip strength in both
sexes and upper arm circumference in women (data not
shown). However, neither dichotomization nor trans-
formation improved the model fit, and we decided to
use linear terms of these variables in the development of
statistical models.

Table 3 shows the unadjusted and adjusted associa-
tions between sarcopenia and the variables. In bivariate
analysis, all the variables were significantly associated
with sarcopenia. In multiple logistic regression with all
the variables (full model), age was positively, and grip
strength and calf circumference were inversely associ-
ated with sarcopenia, whereas BMI, thigh circumference
and upper arm circumference were not significantly
associated. Variable selection resulted in the selection of
age, grip strength and calf circumference, and the three
selected variables were significantly associated with

| 95

-349 -



- 0S¢ -

96

£a100g sotersn) uede( $107 ©

Table 1 Characteristics of study participants

Men Women
Sarcopenia No sarcopenia P Sarcopenia No sarcopenia P
(n=139) (n=838) (n=220) (n=774)
Age (years) 78.4+5.5 72.2+5.0 <0.001 76.2+5.8 71.8+4.9 <0.001
Height (cm) 160.0+£5.6 164.9+5.5 <0.001 148.2+5.6 152.3+5.1 <0.001
Weight (kg) 541172 64.3£8.0 <0.001 46.4£5.7 52.9+7.6 <0.001
BMI (kg/m?) 21125 23.6+2.6 <0.001 21.1+£2.6 22.8+32 <0.001
Grip strength (kg) 27.5+4.3 36.0+£5.3 <0.001 18.4+£3.2 23.6+3.3 <0.001
Thigh circumference (cm) 38.8+3.5 42.4+3.3 <0.001 38.9+34 417 +4.0 <0.001
Calf circumference (cm) 32.8+£2.3 36.3x£2.5 <0.001 32.1x2.1 34.5+2.7 <0.001
Upper arm circumference (cm) 25.7+2.5 28.4+2.4 <0.001 25.7+2.3 27329 <0.001
SMI (kg/m?) 6.34+£0.48 7.44£0.58 <0.001 5.25+0.41 6.02 £0.60 <0.001
Usual gait speed (m/s) 1.28 £0.24 1.51+0.24 <0.001 1.26 £0.26 1.51+£0.23 <0.001
Physical activity (MET-minutes/week) 1813 (720, 3504) 2540 (1200, 4746) 0.008 1341 (33, 3209) 2587 (1092, 4824) <0.001
Chronic conditions (%)
Hypertension 51.1 46.5 0.32 45.9 38.1 0.04
Diabetes mellitus 18.0 14.9 0.36 8.2 8.9 0.73
Stroke 12.2 6.4 0.01 5.9 44 0.35
Osteoporosis 4.3 1.4 0.02 32.7 16.6 <0.001
Use of medications (%)
Statins 18.7 17.4 0.71 29.1 30.6 0.66
Antihypertensives 53.2 45.1 0.08 42.7 36.2 0.08
Albumin (g/dL) 4.37+£0.26 443+0.23 0.005 4.390.23 4.43+0.22 0.04

Values are shown as mean + standard deviation except for physical activity which was not normally distributed and therefore the mean value and inter-quartile range were
shown. BMI, body mass index; MET, Metabolic Equivalent; SMI, skeletal muscle mass index.
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Table 2 Pearson correlations between components of sarcopenia and six candidate variables

Age BMI Grip Thigh Calf Upper arm
strength circumference circumference circumference

Men

SMI _0.33%%% 0'70%%% 0‘49%%% 0'70%—}6% 0‘78%%% 0.69%%%

Grip strength ~0.46%%* 0.27%%* 1 0.27%%* 0.35%#** 0.35%*#*

Usual gait speed —0.35%%* 0.007 0.29%#* 0.06 0.13%%* 0.10%*
Women

SMI _0.24%%% 0.69%%% OSO%%% 0.67%%% 0.75*%% 0.65%%%

Grip strength —-0.36%%% 0.16%#%* 1 0.22%%% 0.33%%* 0.27 %%

Usual gait speed —0.42%%% -0.08%* 0.36%%%* 0.01 0.12%%* -0.02

*, ®% #%%Significance at 0.1%, 1%, 5% level, respectively. BMI, body mass index; SMI, skeletal muscle mass index.

sarcopenia in multiple logistic regression (restricted
model). These findings were consistent in both sexes.
The area under the ROC curve of the full model was
0.940 (95% confidence interval [CI] 0.920-0.959) for
men and 0.910 (95% CI 0.888-0.932) for women,
showing excellent discriminative ability. The area under
the ROC curve of the restricted model (0.939 with 95%
CI 0.918-0.958 for men and 0.909 with 95% CI 0.887-
0.931 for women) was not significantly different from
that of the full model in both sexes (P = 0.71 for men,
0.43 for women). Assessment of internal validity
showed that discriminative ability of the restricted
model is expected to be good in similar populations
(area 0.937 for men, 0.907 for women).

The final model was presented as a score chart in each
sex (Table 4). The use of the score chart with two hypo-~
thetical patients is shown in Table S1. The discrimina-
tive ability of the score chart was comparable with those
of the full and restricted models in each sex (area 0.935
for men, 0.908 for women; Fig. S1).

Figure 1 shows the estimated probabilities corre-
sponding to the sum scores as calculated with the score
chart in Table 4, and the sensitivity and specificity using
the sum scores as cut-off values. The sum score that
maximized the sum of sensitivity and specificity was 105
for men and 120 for women. The corresponding sensi-
tivity, specificity, positive and negative predictive values,
and positive and negative likelihood ratios were 84.9%,
88.2%, 54.4% and 97.2%, and 7.19 and 0.17 for men,
and 75.5%, 92.0%, 72.8% and 93.0%, and 9.44 and
0.27 for women, respectively.

Sensitivity analysis

Because there are no established reference cut-off
values for grip strength and usual gait speed in Japanese
older adults, we used the lowest quintiles of the
observed distributions to classify low muscle strength
and low physical performance. As sensitivity analysis,
we used the lowest deciles of grip strength and usual

© 2014 Japan Geriatrics Society

gait speed to capture participants with more severely
impaired muscle function (i.e. strength or performance),
and defined them as having sarcopenia, with the same
cut-off values for muscle mass as in the main analysis.
We then examined the model performance with all six
variables and with the same set of three variables as
selected in the main analysis (age, grip strength and calf
circumference). The cut-off value of grip strength was
27 kg for men and 17 kg for women, and that of usual
gait speed was 1.16 m/s for men and 1.13 m/s for
women. The prevalence of sarcopenia was 9.6% in men
and 12.7% in women. Both models performed well
(area of the full model: 0.932 for men, 0.919 for women;
area for the restricted model; 0.931 for men, 0.918 for
women; Figure S2).

Discussion

To estimate the probability of sarcopenia in functionally
independent, community-dwelling Japanese older
adults, we created multivariate models based on the
three selected variables (age, grip strength and calf cir-
cumferences), and found excellent discrimination ability
of the models: the area under the curve was 0.939 for
men and 0.909 for women. We constructed a score
chart in each sex so that the approximate probability of
sarcopenia could be easily obtained from the values of
the three variables, and confirmed that the score charts
also had excellent discrimination.

Although our multivariate models had excellent dis-
crimination capacity, the model’s sensitivity and speci-
ficity at candidate diagnostic thresholds must be
assessed to judge the model’s clinical usefulness.'
Higher sensitivity can be achieved at the expense of
lower specificity and vice versa. For example, if higher
sensitivity was desired; for example, 90%, then the cut-
off score would be 101 for men and 104 for women, and
the specificity would be lower at 82.2% for men and
70.4% for women. Higher specificity, 90%, could be
achieved with the higher cut-off score of 107 for men
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Table 3 Unadjusted and adjusted associations between sarcopenia and the variables

Women

Men

Variables

ultivariate
(restricted model)

i

Multivariate

Bivariate

Multivariate

Multivariate
(full model)

Bivariate

(full model)

(restricted model)

p

OR (95% CI)

P

OR (95% CI)

P

OR (95% CI)

P

OR (95% CI)

P

OR (95% CI)

P

OR (95% CI)

<0.001

1.09

<0.001

1.10

<0.001

1.16

0.008

1.07

0.008

1.07

<0.001

1.21

Age

(1.04, 1.13)

(1.05, 1.14)
0.86

(1.13, 1.20)

0.82

(1.02,1.12)

(1.02, 1.12)
0.96

(1.17-1.26)

0.68

0.05

<0.001

0.69

<0.001

BMI

(0.74, 1.00)

0.58

(0.78, 0.87)
0.57

0.78, 1.18)
0.73

(0.63-0.74)
0.71

0.73 <.001 <0.001 <0.001  0.59 <0.001

<0.001

<0.001

Grip strength

0.55, 0.65)

(0.53, 0.64)
0.94

(0.53, 0.62)
0.82

(0.68, 0.79)

0.68, 0.78)

1.05

(0.67, 0.75)

0.73

0.24

<0.001

0.53

<0.001

Thigh circumference

(0.85, 1.04)

0.80

(0.78, 0.86)
0.68

0.91,1.21)
0.62

(0.69, 0.78)

0.57

0.62 <.001 <0.001 <0.001  0.71 <0.001

<0.001

<0.001

Calf circumference

(0.65, 0.78)

(0.69, 0.91)

1.15

(0.64, 0.74)

0.80

(0.56, 0.69)

0.53, 0.73)
0.97

(0.52, 0.63)

0.63

0.10

<0.001

0.71

<0.001

Upper arm circumference

(0.98, 1.35)

(0.75, 0.85)

(0.82,1.15)

(0.57, 0.68)

BMI, body mass index; CI, confidence interval; OR, odds ratio.
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and 118 for women, resulting in lower sensitivity of
77.7% for men and 76.8% for women (Fig. 1). The
trade-off between sensitivity and specificity depends
on the cost of incorrect classification of those with
sarcopenia relative to the cost of incorrect classification
of those without sarcopenia. The cost of incorrect
answers would vary according to the clinical or research
scenario and personal preferences.'®"

Several observations suggested that the selection of
three variables (age, grip strength and calf circumfer-
ence) was not based on chance. First, sarcopenia was
classified based on muscle mass, muscle strength and
physical performance, all of which were significantly
correlated with the three variables. Calf circumference
was used to represent muscle mass, considering the
highest correlation between SMI and calf circumference
among the variables considered. A strong correlation
between calf circumference and muscle mass was pre-
viously shown in Caucasian older women who were on
average more obese than women in the present.” Grip
strength was used as an indicator of muscle strength.
Usual gait speed, a measure of physical performance,
was significantly correlated with each of the three vari-
ables. Second, sarcopenia was associated with each of
the three variables in both bivariate and multivariate
analyses in each sex, and P-values for these findings
were comfortably below 0.01. Third, the models with
the three variables had excellent discrimination for
sarcopenia based on more stringent cut-off levels for
grip strength and usual gait speed.

There have been several prior attempts at estimating
the quantity of muscle mass using a variety of variables
with varying degrees of accuracy.** Although these
studies were inspired by the desire to facilitate the diag-
nosis of sarcopenia, recently developed definitions of
sarcopenia entail the presence of low muscle function,
as well as muscle mass.'** The present study developed
statistical models with high accuracy for sarcopenia,
which was defined based on muscle mass and muscle
function.

This study had several limitations. First, the measure-
ment method of usual gait speed was different from
those used by the majority of previous studies.”* The
measurement method used in the present study
required the participant to walk 3 m before the mea-
surement started. An attribute of this method is that
it is less affected by the gait initiation phase where
age-related changes independent of gait speed occur.?6*
This method has been widely used in Japan,”? and has
been shown to be reliable, but because it starts mea-
suring after the gait initiation phase, it tends to yield
higher values than those obtained with other measure-
ment methods, such as usual gait speed over a 4- or 6-m
course,” making direct comparison difficult. Second,
the current analysis was carried out on data from Japa-
nese older adults, and our findings therefore might not

© 2014 Japan Geriatrics Society
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Table 4 Score charts for estimated probability of sarcopenia

Variables Value
Men
Age <66 66 68 70 72 74 76 78 80 82 84 86=
Score 0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10 +11
Grip strength <20 20 23 26 29 32 35 38 41 44 47 50=
Score +99 +90 +81 +72 +63 +54 +4S +36 +27 +18 +9 0
Calf circumference <26 26 28 30 32 34 36 38 40 42=
Score +81 +72 +63  +54 +45 +36 +27 +18 +9 0
Estimated individual
probability of
sarcopenia
Sum score 70 80 90 95 100 105 110 115 120 125 130 135 140 145
Probability (%) 1 2 S 8 13 19 28 39 51 64 74 83 89 93
Women
Age <66 66 68 70 72 74 76 78 80 82 84 86=
Score 0 +2 +4 +6 +8 +10 +12 +14 +16  +18 +20 +22
Grip strength <14 14 16 18 20 22 24 26 28 30 32 34=
Score +110 +100 +90 +80 +70 +60 +50 +40 +30 +20 +10 0
Calf leg circumference <26 26 28 30 32 34 36 38 40 42=
Score +63  +56 +49 +42 435 +28 +21 +14 +7 0
Estimated individual
probability of
sarcopenia
Sum score 80 90 95 100 105 110 115 120 125 130 135 140 145 150
Probability (%) 1 3 S 8 12 19 28 39 51 63 74 82 88 93

Values for each variable are given with such intervals that the scores show small steps, and scores for intermediate values can be estimated by
linear interpolation. The exact formula to calculate the scores are as follows: score in men, 0.62 x (age — 64) - 3.09 x (grip strength - 50) —

4.64 X (calf circumference — 42); score in women, 0.80 x (age — 64) — 5.09 x (grip strength — 34) — 3.28 x (calf circumference — 42). The
corresponding probabilities of sarcopenia are calculated with the following formulae: probability in men, 1/ [1 + e76um score /1019, probability in
women, 1 / [] + e—(sum score / 10—125)]'

A. Men B. Women
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Figure 1 Estimated probabilities, sensitivity and specificity corresponding to sum scores. The sum scores and corresponding
estimated probabilities are read from Table 3.
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be applicable to populations of other race/ethnicity or in
other countries. Similarly, caution should be exercised
in projecting beyond the range of our data. For example,
the obese were underrepresented in our data, and the
performance of our models was not assessed for the
obese. However, the present findings suggest that three
variables, namely age, grip strength and calf circumfer-
ence, should be considered for inclusion in the devel-
opment of sarcopenia screening in other populations.
Third, although the internal validity was good (i.e. the
models would perform well in a similar population),
assessment of external validity is still warranted to deter-
mine whether the results can be extended to other Japa-
nese populations. Finally, we could not exclude the
possibility of the healthy volunteer effect (i.e. volunteers
for clinical studies tend to be healthier than the gencral
population). Although participants were randomly
selected from the resident register, participation was
voluntary and the response rate was approximately
17%. However, the sensitivity analysis showed that the
models” ability to estimate the probability of sarcopenia
remained excellent when participants with more
severely impaired muscle function were categorized as
having sarcopenia.

In conclusion, we showed that the presence of
sarcopenia in older adults could be detected with high
accuracy using three easily obtainable variables. Impor-
tantly, we derived the models from a functionally inde-
pendent, community-dwelling population. Functionally
independent older adults with sarcopenia are good can-
didates for interventions to prevent further physical
limitations, given their potential for regaining muscle
mass and restoration of muscle function. The score
charts we developed can be used as an effective screen-
ing tool and help identify functionally independent
older adults with sarcopenia.
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Social engagement and intake of green-yellow vegetables
among community-dwelling older adults
- From Kashiwa-study -

Aki Kuroda, Tomoki Tanaka, Tetsuo Tsuji and Katsuya Iijima

Institute of Gerontology, The University of Tokyo

Objective: To examine the association between social engagement (eating alone, living arrangement
and social support network) and intake of green-yellow vegetables among community-dwelling older
adults.

Methods: This study was based on 1,400 (724 male and 676 female) randomly selected community-
dwelling older adults aged >65 (mean 73.7+5.4) years old who participated in the cohort health study
in Kashiwa-city, Chiba-prefecture. Green-yellow vegetable intakes were assessed with the Food
Frequency Questionnaire Based on Food Groups. For social engagement, social support network
(Lubben Social Network Score) and eating alone by living arrangement were examined. Eating
alone was evaluated with a question “Do you eat your meals with someone else, at least once a day?”
and was crossed with the living arrangement (living alone or living with families). As covariates,
age, gender, depressive symptoms (Geriatric Depression Scale>6) and cognitive functions (Mini-
Mental State Examination) were assessed.

Results: 349 (24.9%) subjects were in the “low intake” group. Binomial logistic regression analysis
showed that the factors independently associated with low intake of green-yellow vegetables were:
‘living with families yet eating alone’ [odds ratio (OR)=1.95, 95% Confidence Interval(CD=1.2-3.1],
social ties with families [OR=0.953, 95% CI=0.92-0.99], age [OR=0.970, 95% CI=0.95-0.99],
depressive symptoms [OR=1.49, 95% CI=1.1-2.0] and cognitive functions [OR=0.922, 95% CI1=0.86-
0.99].

Conclusion: The social ties with families and ‘living with families yet eating alone’ were
independently associated with the low intake of green-yellow vegetables. This indicates the
importance of preventive strategies that focus on alleviating social isolation, particularly during

mealtimes and in relations with families.

Key words  Social engagement, green-yellow vegetables, eating alone, community-dwelling older adults
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[0.57-0.98]). H LT, MEROEAIIEFIZEV] ITHLT, 20dsEll Lo KBESRMIEELBEER T TH -7
(F v X150 [1.1-2.0]). HEEBIRETOEBICEWTHELREEIZA L NED - 7=,
[#5a6] AME B EFEROERE I BT, BB IEREEICHEET S 2 2I12MA, hREL EoSEEes
BEGMERICBIET 2 &2 RN Lz TR, EBMEES S L ce/ha< L, PR LOKBES 451/
5T LN, BELSERICOEPAWERL L CHHTH3AREMATREL TW5. 610, {EROBEIZH 5 EH N A
CRERLZYD, B0 AORYFEIZD 2 HESREHEBROBE LML TR T 5.
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