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Background. The concept of sarcopenia has expanded recently to include muscle strength or physical performance.
We investigated whether the Europe Working Group on Sarcopenia in Older People (EWGSOP) definition of sarcopenia
predicts the risk of all-cause mortality in community-dwelling older adults.

Methods. This study included 284 men and 272 women aged 65 and older. The outcome was all-cause mortality dur-
ing the 6-year follow-up period. We defined sarcopenia based on the EWGSOP definitions of sarcopenia: height (ht)- or
weight (wt)-adjusted appendicular skeletal muscle mass (ASM/ht* or ASM/wt) assessed by dual-energy x-ray absorpti-
ometry, leg muscle strength, and short physical performance battery test score.

Results. During the 6-year follow-up, 40 men and 19 women died. The risk of death was 2.99 times and 3.22 times
higher in men with sarcopenia identified by ASM/ht> and ASM/wt, respectively, compared with nonsarcopenic men. The
hazard ratio for death was 5.37 for men with weak leg muscle strength. Men with a low short physical performance bat-
tery score had a 3.15 times higher risk of death compared with those with high short physical performance battery scores,
even after adjusting for all covariates. The adjusted hazard ratios for EWGSOP-defined sarcopenia were 4.00 for ASM/
ht* and 6.89 for ASM/wt in men. By contrast, sarcopenia defined by these criteria was not associated with a higher risk
of death in women.

Conclusions. Our data suggest that, in older men, EWGSOP-defined sarcopenia is related to higher mortality com-
pared with nonsarcopenia regardless of the ASM/ht* or ASM/wt index. In older women, further studies with large sample

sizes are needed to assess whether EWGSOP-defined sarcopenia increases the mortality risk.
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ARCOPENIA is defined as a syndrome that is associ-
ated with muscle mass loss alone or in combination
with increased fat mass with aging (1,2). A growing body
of research indicates that sarcopenia can contribute to func-
tional impairment, the metabolic syndrome, cardiovascular
disease, and the risk of death in the elderly people (3—10).
There are several problems related to research on the out-
comes of sarcopenia. One major problem is the definition
of sarcopenia. In early studies, the definition of sarcopenia
focused on muscle mass. The most widely accepted definition
in use today was proposed by Baumgartner and coworkers
(11) as the appendicular skeletal muscle mass (ASM), meas-
ured by dual-energy x-ray absorptiometry (DXA), divided by
height squared, which gives ASM/ht>. However, ASM/ht? has
a limitation in identifying sarcopenia in obese people because
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this variable correlates with body mass index (BMI). Another
two indices have been suggested: skeletal muscle mass/body
weight measured by bioelectrical impedance analysis and fat
mass—adjusted ASM (6,12). However, bioelectrical imped-
ance analysis is not as accurate as DXA for measuring mus-
cle mass. In addition, the fat mass—adjusted ASM is based
on the residuals obtained from linear regression of ASM on
height and fat mass, and it is difficult to use in practice.

The definition of sarcopenia has evolved recently from
a focus on muscle mass to muscle strength and physical
function. Although muscle mass largely influences mus-
cle strength, muscle strength and function begin to decline
before muscle mass decreases (13,14). The decline in mus-
cle strength has been reported as a stronger independent
risk factor for mortality compared with muscle mass (9,15).
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Considering the recent evolution of the sarcopenia concept,
it is important to determine which definition of sarcopenia
is related to the risk of mortality.

Another issue in defining sarcopenia is that the cutoff
point of each muscle-related parameter has not been estab-
lished (2). The definitions of muscle-related parameters
need to be redefined within each ethnic group to reflect
an individual’s health outcome. In this context, the cutoff
points of muscle-related parameters should be evaluated
based on outcome measures such as metabolic impairment,
physical disability, and mortality.

Recently, the Europe Working Group on Sarcopenia in
Older People (EWGSOP) suggested a definition of sarcope-
nia as low muscle mass with weak muscle strength or poor
physical performance (2). However, the cutoff points of
the EWGSOP sarcopenia criteria were based on the white
population. The EWGSOP-suggested definition of sarcope-
nia should be evaluated for its clinical implications in other
populations, including the Asian population.

To our knowledge, only two studies have used the com-
posite definition of sarcopenia including muscle mass and
muscle strength or physical performance as a mortality pre-
dictor (9,10). These previous studies used the mid-arm or
calf muscle circumference and handgrip strength. No stud-
ies have investigated the relationship between EWGSOP-
defined sarcopenia (ie, DXA-measured ASM and leg muscle
strength) and mortality in Asia. The aim of our study was
to assess the relationship between the EWGSOP definition
of sarcopenia using DXA-measured ASM and leg muscle
strength and mortality in a community-based elderly cohort.

METHODS

Study Participants

This study was a part of the Korean Longitudinal Study on
Health and Aging (KLoSHA), an ongoing population-based
observational study initiated in September 2005 in residents
aged 65 or older in Seongnam, Korea. The total population
of Seongnam was 977,166 in 2004 and the proportion of
people aged 265 was 6.2% (n = 60,584). Participants were
selected using age and sex-stratified random sampling from
a roster or people aged 65 and older in Seongnam during
August 2005 and invited to participate in the study by letter
and telephone. In total, 439 men and 561 women agreed to
participate in the study (16). Of this group, 284 men and 272
women who performed all muscle measures were included
in the final analysis. The study protocol was approved by
the Institutional Review Board of Seoul National University
Bundang Hospital. Participants or their legal guardians were
fully informed about study participation.

Muscle Mass
Skeletal muscle mass was measured by DXA (Lunar
Corporation, Madison, WI). ASM was calculated as the sum

of the lean soft tissue mass in the arms and legs. We used
two muscle mass—related parameters derived from DXA
measures. The first was ASM divided by height squared
(ASM/ht? in kg/m?) (11). The ASM/ht* index was identical
to Baumgartner’s, but the cutoff points were generated from
our own young Korean adults. The cutoff points of sarcope-
nia using ASM/ht*> were 7.09kg/m? in men and 5.27 kg/m?
in women (4). The other was ASM as a percentage of body
weight (ASM/wt) (4). The cutoff points of sarcopenia using
ASM/wt were 29.9% in men and 25.1% in women (4).

Leg Muscle Strength

Isokinetic knee extensor muscle strength was measured
using an isokinetic device at an angular velocity of 60°/s
(Biodex Medical Systems, Shirley, NY). Participants per-
formed two sets of five repetitions, with a 30-second rest
between sets, by exerting maximum pressure on the isoki-
netic device through the entire range of movement. The
average concentric peak torque values (Nm) obtained from
five torque-angle curves for each set was recorded as the leg
muscle strength. The cutoff point for leg muscle strength
divided by body weight was 0.75 Nm/kg for men and 0.79
Nm/kg for women; these values were derived using the
maximally selected ? statistics method.

Short Physical Performance Battery Test

The short physical performance battery (SPPB) test was
used to assess lower extremity performance. A total possible
score of 12 was created by summing the score (maximum
of 4) for each test: chair stand, gait speed, and standing bal-
ance. Functional limitation was defined as an SPPB score
of <8. Participants were first asked to balance in a standing
position with their feet side by side, semi-tandem, and fully
tandem for 10 seconds each. Participants were next asked to
walk a distance of 4 m at their usual pace. Finally, partici-
pants were asked to stand from a sitting position in a chair
and return to the seated position five times as quickly as pos-
sible while keeping the arms folded across the chest (17).

Definition of Sarcopenia

The EWGSOP recommends the use of the presence of
both low muscle function (strength or performance) and low
muscle mass for the diagnosis of sarcopenia (2). Following
the EWGSOP algorithm, we identified sarcopenic partici-
pants as indicated in Figure 1.

Mortality

Deaths were ascertained by an annual follow-up tel-
ephone call and were confirmed using the National Death
Registry over the 6-year period after the baseline visit.
Follow-up duration was defined as the period from the base-
line visit until the time of death using the date of death or
the end of the follow-up.
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(a)

Male subjects
n=284

Measure SPPB

SPPB > 8 SPPB<8
n=221 n=63
Measure leg muscle
strength
n=216
| | Measure leg muscle
Normal Low mass
n=205 n=11 n=63
N .
© sarcopenia ASM/ht? ASM/wt ASM/ht? ASM/wt
<7.09 kg/m? <29.9% <7.09 kg/m? <299%
[ I [ I
Sarcopenia Sarcopenia Sarcopenia Sarcopenia
n=4 n=4 n=21 n=29
(b)
Female subjects
n=272
Measure SPPB
SPPB > 8 SPPB<8
n=169 n=103
Measure leg muscle
strength
n=166
| | Measure leg muscle
Normal Low mass
n=113 n=53 n=103
N .
© sarcopenia ASM/ht? ASM/wt ASM/ht? ASM/wt
< 5.27 kg/m? <251 % < 5.27 kg/m? <251 %
[ I [ I
Sarcopenia Sarcopenia Sarcopenia Sarcopenia
n=8 n=39 n=16 n=73

Figure 1. The algorithm to define the Europe Working Group on Sarcopenia in Older People—suggested sarcopenic criteria in (a) men and (b) women.
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Covariates

Height and body weight were measured to the nearest
0.1cm and 0.1kg, respectively, with participants wearing
light garments. The cutoff point of BMI for obesity was
25kg/m? in both men and women. Waist circumference
(WC) was measured at the narrowest point between the
lower limit of the ribcage and the iliac crest. The cutoff
point of WC for obesity was 87cm in men and 85cm in
women (18). Fat mass and percentage fat mass (fat mass/
body weight) was measured by DXA. We compared partici-
pants within the lowest two quintiles with those within the
highest three quintiles.

At the baseline visit, adjudicated comorbidities including
diabetes, hypertension, cardiovascular disease, stroke, and
osteoarthritis were based on self-report, clinical diagnosis,
and medication use. Physical activity levels were estimated
by summing the time spent walking, gardening, woodwork-
ing, lifting, or shoveling over a 24-hour period. The Mini
Mental State Examination in the Korean version was used
to assess cognitive performance (score, 0-30) (19).

Statistical Analysis

Baseline characteristics were compared between non-
sarcopenic and sarcopenic participants using an unpaired
t test for continuous variables and % test or Fischer’s exact
test for categorical variables. The Cox proportional-hazards
model and Kaplan-Meier survival curves were used to
assess the relationship between sarcopenia and mortality.
Model 1 produced unadjusted hazard ratios (HRs) and 95%
confidence intervals of the sarcopenia-related parameters
that predicted mortality. HRs adjusted for age and BMI, and
additional covariates such as diabetes mellitus, hyperten-
sion, cardiovascular disease, stroke, physical activity score,
and Mini Mental State Examination score were produced
by Models 2 and 3, respectively. A log-rank test was applied
to test for equality of survival between the sarcopenic and
nonsarcopenic groups. All analyses except the maximal %>
method were performed using the SPSS 16.0 package (IBM
Corporation, Armonk, NY). Maxstat, a maximal x> method
in R 2.13.0 (R Development Core Team, Vienna, Austria,
http://www.R-project.org), was used to identify optimal
cutoff points for leg muscle strength to predict mortality.
A p value <.05 was considered significant.

RESULTS

During the 6-year follow-up, 40 men and 19 women died
in this cohort. Table 1 shows the baseline characteristics of
the study participants according to the presence and absence
of sarcopenia. Using the EWGSOP-ASM/ht* index, sarco-
penic participants had lower BMI than nonsarcopenic ones.
On the other hand, EWGSOP-ASM/wt index—defined sar-
copenic participants had higher BMI than nonsarcopenic
ones. In men, sarcopenic participants had weaker leg muscle
strength than nonsarcopenic ones regardless of sarcopenic

indices. However, in women, there was significant difference
in leg muscle strength between sarcopenic and nonsarco-
penic participants only by the EWGSOP-ASM/wt index,
not by the EWGSOP-ASM/ht? index. In both genders, sar-
copenic participants were more functionally impaired than
nonsarcopenic ones using both indices.

We analyzed the data using the EWGSOP-suggested def-
inition of sarcopenia shown in Figure 1. First, we assessed
the SPPB score and then evaluated leg muscle strength in
participants with an SPPB score >8. We classified into the
sarcopenic group if those with an SPPB score <8 or with
weak leg muscle strength had low muscle mass. In both
men and women, the prevalence of sarcopenia was higher
when assessed by ASM/wt than by ASM/ht>. In men, the
prevalence values of sarcopenia using EWGSOP-ASM/ht?
and EWGSOP-ASM/wt were 8.8% (25/284) and 11.6%
(33/284), respectively. By contrast, the difference in the
prevalence of sarcopenia using EWGSOP-ASM/ht* and
EWGSOP-ASM/wt was much greater in women: 8.8%
(24/272) and 41.2% (112/272), respectively.

Cox regression models were used to quantify the mortal-
ity risk for each muscle-related parameter (Table 2). The
risk of death was 2.99 and 3.22 times higher in men with
sarcopenia identified by ASM/ht> and ASM/wt, respec-
tively, compared with nonsarcopenic men. However, after
adjusting for age, BMI, and comorbidity, the mortality risk
was higher in sarcopenic men identified by ASM/ht? than in
those identified by ASM/wt. In Model 3, men with leg mus-
cle strength <0.75 Nm/kg had a six times higher risk than did
those with leg muscle strength >0.75 Nm/kg. Intriguingly,
the men with low SPPB scores had a higher risk of death
compared with those with high SPPB scores, even after
adjusting for all covariates. EWGSOP-defined sarcope-
nia predicted a higher mortality risk regardless of muscle
mass in men (Figure 2). The HR of the EWGSOP-defined
sarcopenia was 3.89 for ASM/ht* and 6.89 for ASM/wt in
men after adjusting for covariates. By contrast, in women
classified as sarcopenic by muscle-related parameters, there
was no relationship between these parameters and mortal-
ity risk. In the univariate analysis, leg muscle strength was
inversely related to increased mortality in women, but this
relationship was no longer significant after adjusting for age
and BMI. Likewise, the SPPB score and the EWGSOP defi-
nition had no additional risk for mortality in women.

Cox regression models were applied to assess the con-
tribution of WC, fat mass, percentage fat mass, and BMI to
mortality (Table 3). After adjusting for confounding factors,
WC, fat mass, percentage fat mass, and BMI did not predict
mortality.

DiScUSSION

In this community-based elderly cohort, the sarcopenic
men classified by the EWGSOP definition were at signifi-
cantly higher risk of mortality than the nonsarcopenic group
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Table 1. Baseline Characteristics of Study Participants According to the Presence of Sarcopenia

EWGSOP-ASM/ht?

EWGSOP-ASM/wt

Nonsarcopenic Sarcopenic Nonsarcopenic Sarcopenic
(n=259) (n=25) p value (n=251) (n=33) p value
Men

Age (y, range) 71 (65-90) 82 (67-93) <.001 71 (65-93) 82 (65-92) <.001
Weight (kg) 67.1£9.2 55.6+9.9 <.001 65.8+9.4 69.9x12.0 .039
Height (cm) 164.8+6.2 162.7+6.6 .140 164.8+6.2 163.8+£6.3 426
BMI (kg/m?) 24.7+29 21.0£3.1 <.001 242+3.0 26.0+3.7 .006
ASM (kg) 20.4+2.5 16.0£1.5 <.001 20.3+2.6 18.5+2.9 <.001
ASM/ht* (kg/m?) 7.50£0.76 6.02+0.39 <.001 7.43+0.82 6.91+0.87 .001
ASM/wt (%) 31.0+£2.9 28.9+3.4 <.001 31.4+238 27.0+1.9 <.001
Leg muscle strength (Nm/kg) 1.22+0.37 0.81+0.37 <.001 1.24+0.36 0.76£0.30 <.001
Comorbidity

Diabetes mellitus 105 (40.1%) 17 (68.0%) 010 97 (38.3%) 25 (73.5%) <.001

Hypertension 118 (45.0%) 9 (36.0%) 409 108 (42.7%) 19 (55.9%) 197

Cardiovascular disease 18 (6.9%) 1 (4.0%) 1.000 17 (6.7%) 2 (5.9%) 1.000

Stroke 21 (8.0%) 3 (12.0%) 450 18 (7.1%) 6 (17.6%) .049

Osteoarthritis 13 (5.0%) 1 (4.0%) 763 11 (4.3%) 3 (8.8%) 382
Physical activity score 16.9+6.1 15.8+5.5 409 17.0+6.4 15.0+3.0 .003
SPPB score <8 42 (16.2%) 21 (84.0%) <.001 34 (13.5%) 29 (87.9%) <.001
MMSE score 23.7+4.4 20.7+4.4 .001 23.8+4.2 20.3+4.7 <.001

Nonsarcopenic Sarcopenic Nonsarcopenic Sarcopenic
(n=248) (n=24) p value (n=160) (n=112) p value
‘Women

Age (y, range) 69 (65-89) 72 (65-95) 283 70 (65-95) 72 (66-86) .001
Weight (kg) 56.6+7.9 473+94 <.001 545+8.4 57.7+8.4 .005
Height (cm) 151.1+£5.2 148.2+5.5 011 151.3+£5.3 150.1+5.4 .082
BMI (kg/m?) 24.9+3.0 21.8+3.0 <.001 23.8+3.0 25.8+3.0 <.001
ASM (kg) 13.9+1.6 10.8+1.0 <.001 13.9+1.9 13.2+1.7 .004
ASM/ht* (kg/m?) 6.06+0.55 4.89+0.47 <.001 6.03+0.63 5.83+0.65 011
ASM/wt (%) 24.6+2.5 22.8+3.5 .002 25.5+2.5 227+1.9 <.001
Leg muscle strength (Nm/kg) 0.86+0.29 0.79+0.26 328 0.93+0.29 0.73+0.24 <.001
Comorbidity

Diabetes mellitus 100 (39.5%) 3(16.7%) .668 95 (37.5%) 8 (32.0%) 258

Hypertension 123 (48.6%) 9 (50.0%) .677 126 (49.8%) 11 (44.0%) 179

Cardiovascular disease 25 (9.9%) 1 (5.6%) .623 14 (5.5%) 0(0.0%) AlS

Stroke 24 (9.5%) 2 (11.1%) 311 25 (9.9%) 4 (16.0%) .230

Osteoarthritis 35 (13.5%) 1(5.3%) .043 29 (12.7%) 7 (31.8%) .530
Physical activity score 17.1+6.6 14.9+2.7 .003 17.0+7.1 16.6+5.3 .608
SPPB score <8 94 (37.2%) 9 (47.3%) .004 87 (35.1%) 16 (66.7%) <.001
MMSE score 23.5+4.9 23.0£5.0 .647 23.9+4.6 22.8+5.1 .079

Notes: ASM = appendicular skeletal muscle mass; BMI = body mass index; EWGSOP = Europe Working Group on Sarcopenia in Older People; ht = height;
MMSE = Mini-Mental State Examination; SPPB = short physical performance battery; wt = weight. Data were expressed as median (range), mean + standard devia-

tion or n (%).

regardless of whether the ASM/ht> or ASM/wt was used.
However, there was no increased risk in sarcopenic women.

The appropriate index for identifying sarcopenia is con-
troversial. We investigated the relationship between sar-
copenia identified using each definition of sarcopenia (ie,
muscle mass, muscle strength, and physical performance)
to mortality risk. For muscle mass, previous studies using
the EWGSOP definitions used the mid-arm or calf muscle
circumference (9,10). On the other hand, this study directly
compared all-cause mortality between groups identified
as sarcopenic using ASM/wt and ASM/ht> derived from
DXA-measured ASM. In men, the HR for mortality was
slightly higher when sarcopenia was defined by ASM/ht?

compared with ASM/wt. Sarcopenic participants defined
by ASM/ht* have a higher risk of falls and physical dis-
ability (8,20). We have shown previously that ASM/wt
relates more closely to the cardiometabolic syndrome than
does ASM/ht* (4,7). Therefore, in people with sarcopenia,
ASM/ht> and ASM/wt may indicate a higher risk of mor-
tality because of frailty and cardiometabolic syndrome,
respectively. However, in men, the HR for mortality was
higher for the EWGSOP-ASM/wt compared with the
EWGSOP-ASM/ht?. 1t is possible that the combination of
ASM/wt and leg muscle strength was a stronger predictor
of mortality than was the combination of ASM/ht* and leg
muscle strength because ASM/wt conferred additional risk
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Table 2. Cox Regression Models of Muscle-Related Parameters Predicting Mortality in Men and Women
Model 1 Model 2 Model 3
Men
ASM/ht* <7.09 kg/m? 2.99 (1.28-6.99) 3.56 (1.24-10.3) 3.12 (1.08-9.02)
ASM/wt £29.9% 3.22(1.44-7.19) 2.67 (1.10-6.52) 2.70 (1.13-6.43)
Leg muscle strength (<0.75 Nm/kg) 9.35 (4.12-21.2) 6.10 (2.58-14.5) 6.20 (2.50-15.4)

SPPB score <8
EWGSOP-ASM/ht?
EWGSOP-ASM/wt

Women
ASM/ht* <5.27 kg/m?
ASM/wt <25.1%
Leg muscle strength (<0.79 Nm/kg)
SPPB score <8
EWGSOP-ASM/ht?
EWGSOP-ASM/wt

5.29 (2.38-11.8)
4.78 (1.99-11.5)
8.99 (4.09-19.7)

2.39 (0.86-6.67)
0.44 (0.17-1.16)
3.45 (1.13-10.5)
1.59 (0.64-3.91)
1.13 (0.26-4.90)
0.90 (0.36-2.23)

3.72 (1.60-8.62)
4.63 (1.62-13.3)
6.21 (2.62-14.7)

1.73 (0.55-5.36)
0.47 (0.15-1.49)
2.56 (0.78-8.34)
0.88 (0.33-2.34)
0.86 (0.18-4.01)

3.46 (1.41-8.46)
3.89 (1.28-11.7)
6.89 (2.66-17.8)

1.24 (0.32-4.77)
0.42 (0.09-2.07)
3.05 (0.87-10.7)
1.07 (0.37-3.06)
1.25 (0.26-5.92)

1.00 (0.35-2.86) 1.02 (0.34-3.04)

Notes: ASM = appendicular skeletal muscle mass; EWGSOP = Europe Working Group on Sarcopenia in Older People; ht = height; SPPB = short physical per-
formance battery; wt = weight. Data were shown as hazard ratio (95% confidence interval). Model 1, unadjusted; Model 2, adjusted for age + BMI; Model 3, adjusted
for Model 2 + diabetes mellitus, hypertension, cardiovascular disease, stroke, osteoarthritis, physical activity score, and Mini-Mental State Examination score.

of cardiometabolic syndrome besides frailty reflected by
leg muscle strength.

We used leg muscle strength instead of handgrip strength
in the EWGSOP algorithm, which included the presence of
both low muscle strength or performance and low muscle
mass. Newman and coworkers (21) showed that the associa-
tion patterns were similar for grip strength and quadriceps
strength in both men and women. However, older adults had
greater relative loss of lower extremity strength compared
with upper extremity strength (13). It is biologically plausi-
ble that leg muscle strength reflects physical function better
than does handgrip strength. The association between hand-
grip strength and leg muscle strength was weak in our study
cohort (Supplementary Figure 1), and handgrip strength did
not predict mortality (data not shown). By contrast, weak
leg muscle strength increased the mortality risk markedly
in older men.

Physical dysfunction is known to be predictive of
falls, fractures, and hospitalizations leading to mortality
(17,22,23). The SPPB test has been proven to be a good
tool for predicting mortality in older population in the
United States and France (22,23). However, the relation-
ship between mortality and the SPPB test score has not
been evaluated in Asians. Only one study of elderly Chinese
people reported that walking speed was a predictor of death
(24). To our knowledge, this study is the first to show that
the SPPB test score can be used to identify sarcopenic indi-
viduals in an older Asian population.

There was a difference between men and women in the pre-
dictors of mortality. In men, muscle mass, muscle strength,
and physical performance were all significantly related to
mortality. By contrast, in women, the muscle-related param-
eters were not main factors associated with death. In general,
men have greater muscle mass, muscle strength, and physi-
cal performance compared with women (8,25). A previous
study showed that muscle strength attenuation with weight

loss was more severe in men than in women (26). Hence, the
effect of muscle loss may be greater in men than in women.
Low bioavailable testosterone levels increased the risk for
sarcopenia, which had a stronger effect on men than women
(27). In fact, the most contributing factor to mortality in
women was cognitive impairment presented as Mini Mental
State Examination scores in our data. In women, the effect
of body composition parameters on mortality outcome was
inconclusive in our study.

Our study showed that none of the obesity-related param-
eters such as WC, fat mass, percentage fat mass, and BMI
was a significant risk factor for mortality in men and women.
Maximal fat mass is usually reached at 60-70 years of age,
and fat measures decline thereafter (28). Thus, in adults
older than 65 years, muscle mass might have a stronger
effect on the risk of mortality than fat mass. In contrast,
in a previous study, BMI was a determinant of transition
toward sarcopenia (29). Ethnic differences also may con-
tribute to the relationships between muscle mass, fat mass,
and mortality. Compared with the white population, Asians
have a smaller body size and less fat mass and lean mass.
Therefore, it is conceivable that muscle mass is a major
determinant of mortality in elderly Asians.

Of note, we generated our own cutoff points of leg mus-
cle strength for predicting mortality instead of using values
from other studies. The optimal cutoff points of leg muscle
strength for mortality were determined at the bifurcating
point using the maximal %> method. Although this value of
leg muscle strength should be validated in other cohorts,
we believe that it is appropriate to use ethnic-specific cutoff
points in such studies. The strength of our study is that this
is the first Korean study to assess the effect of EWGSOP-
defined sarcopenia on mortality. There have been several
studies regarding sarcopenia in older Korean persons, but
none of them have investigated either leg strength or physi-
cal performance (30,31).
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Figure 2. Kaplan—Meier survival curves for mortality according to the Europe Working Group on Sarcopenia in Older People definition of sarcopenia using

ASM/ht*> or ASM/wt index in (a) men and (b) women.

Our study has several limitations. The small number
of study participants weakened the power of the study.
The limited number of deaths makes it hard to reach any
conclusion in women. As another clinical end point, we
previously showed that sarcopenia increased the risk for
functional limitation in both men and women although

gender-different muscle indices were used (32). Therefore,
if the sample size is large enough, women with sarcopenia
may be at higher risk for mortality than those without sar-
copenia. Information about cause-specific mortality was not
available; therefore, only all-cause mortality was included.
Despite these limitations, the strength of our study is that we
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Table 3. Cox Regression Models of Adiposity-Related Parameters Predicting Mortality in Men and Women

Model 1

Model 2 Model 3

Men

Waist circumference =87 cm 1.40 (0.71-2.78)

Fat mass 0.62 (0.30-1.30)

Percentage fat mass 2.58 (1.38-4.80)

BMI 225 kg/m? 0.49 (0.22-1.11)
‘Women

Waist circumference =85 cm 0.43 (0.15-1.19)

Fat mass 0.68 (0.28-1.68)
Percentage fat mass 0.86 (0.34-2.19)
BMI 225 kg/m? 0.33 (0.13-0.81)

1.27 (0.64-2.52)
0.54 (0.21-1.38)
2.19 (0.97-4.93)
0.76 (0.33-1.73)

0.97 (0.46-2.06)
0.87 (0.43-1.78)
1.40 (0.70-2.79)
0.79 (0.34—1.88)

0.40 (0.12-1.36)
1.09 (0.35-3.39)
1.29 (0.42-4.01)
0.38 (0.15-0.93)

0.74 (0.21-2.57)
0.59 (0.10-3.30)
1.03 (0.45-6.95)
0.64 (0.19-2.18)

Notes: BMI = body mass index. Data were shown as hazard ratio (95% confidence interval). Model 1, unadjusted; Model 2, adjusted for age; Model 3, adjusted
for Model 2 + diabetes mellitus, hypertension, cardiovascular disease, stroke, osteoarthritis, physical activity score, and Mini-Mental State Examination score.

measured several muscle-related parameters, such as mus-
cle mass, muscle strength, and physical performance, over
a long follow-up period in a community-dwelling cohort.

In conclusion, men with sarcopenia identified by the
EWGSOP definition were at significantly higher risk for
mortality than were those without sarcopenia, regardless of
whether ASM/ht? or ASM/wt was used. These findings sup-
port the recommendation that older people, especially older
Asian men who have relatively small muscle mass, should
engage in exercise programs to increase muscle mass and
muscle strength. Further studies with large sample sizes are
needed to assess whether sarcopenia increases the mortality
risk in older women.

SUPPLEMENTARY MATERIAL

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/

FUNDING

This study was supported by the National Research Foundation grant
funded by the Korean government (Ministry of Education, Science and
Technology; 2006-2005410), the grant from Seoul National University
Bundang Hospital (02-2011-015; 11-2008-029), and grant (04-2011-0710)
from the SNUH Research Fund.

CONFLICT OF INTEREST
None declared

REFERENCES

1. Fielding RA, Vellas B, Evans W1J, et al. Sarcopenia: an undiagnosed
condition in older adults. Current consensus definition: prevalence,
etiology, and consequences. International working group on sar-
copenia. J Am Med Dir Assoc. 2011;12:249-256. doi:10.1016/].
jamda.2011.01.003

2. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia: European
consensus on definition and diagnosis: report of the European Working
Group on Sarcopenia in Older People. Age Ageing. 2010;39:412-423.
doi:10.1093/ageing/afq034

3. Janssen I. Evolution of sarcopenia research. Appl Physiol Nutr Metab.
2010;35:707-712. doi:10.1139/H10-067

4. Lim S, Kim JH, Yoon JW, et al. Sarcopenic obesity: prevalence and
association with metabolic syndrome in the Korean Longitudinal Study
on Health and Aging (KLoSHA). Diabetes Care.2010;33:1652-1654.
doi:10.2337/dc10-0107

5. Baumgartner RN, Wayne SJ, Waters DL, Janssen I, Gallagher D,
Morley JE. Sarcopenic obesity predicts instrumental activities of daily
living disability in the elderly. Obes Res. 2004;12:1995-2004.

6. Janssen I, Heymsfield SB, Ross R. Low relative skeletal muscle mass
(sarcopenia) in older persons is associated with functional impairment
and physical disability. J Am Geriatr Soc. 2002;50:889-896.

7. Dominguez LJ, Barbagallo M. The cardiometabolic syndrome and sar-
copenic obesity in older persons. J Cardiometab Syndr. 2007;2:183-189.

8. Kim JH, Choi SH, Lim S, et al. Sarcopenia and obesity: gender-differ-
ent relationship with functional limitation in older persons. J Korean
Med Sci. 2013;28:1041-1047. doi:10.3346/jkms.2013.28.7.1041

9. Arango-Lopera V, Arroyo P, Gutiérrez-Robledo LM, Perez-Zepeda
M, Cesari M. Mortality as an adverse outcome of sarcopenia. J Nutr
Health Aging. 2013;17:259-262. doi:10.1007/s12603-012-0434-0

10. Landi F, Cruz-Jentoft AJ, Liperoti R, et al. Sarcopenia and mortality
risk in frail older persons aged 80 years and older: results from ilSI-
RENTE study. Age Ageing. 2013;42:203-209. doi:10.1093/ageing/
afs194

11. Baumgartner RN, Koehler KM, Gallagher D, et al. Epidemiology
of sarcopenia among the elderly in New Mexico. Am J Epidemiol.
1998;147:755-763.

12. Newman AB, Kupelian V, Visser M, et al. Sarcopenia: alternative defi-
nitions and associations with lower extremity function. J Am Geriatr
Soc. 2003;51:1602-1609.

13. Hughes VA, Frontera WR, Wood M, et al. Longitudinal muscle strength
changes in older adults: influence of muscle mass, physical activity,
and health. J Gerontol A Biol Sci Med Sci. 2001;56:B209-B217.

14. Goodpaster BH, Park SW, Harris TB, et al. The loss of skeletal muscle
strength, mass, and quality in older adults: the health, aging and body
composition study. J Gerontol A Biol Sci Med Sci. 2006;61:1059-1064.

15. Newman AB, Haggerty CL, Goodpaster B, et al. Strength and muscle
quality in a well-functioning cohort of older adults: the Health, Aging
and Body Composition Study. J Am Geriatr Soc. 2003;51:323-330.

16. Lim S, Yoon JW, Choi SH, et al. Combined impact of adiponectin and
retinol-binding protein 4 on metabolic syndrome in elderly people:
the Korean Longitudinal Study on Health and Aging. Obesity (Silver
Spring). 2009;18:826-832. doi:10.1038/0by.2009.232

17. Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical per-
formance battery assessing lower extremity function: association with
self-reported disability and prediction of mortality and nursing home
admission. J Gerontol. 1994;49:M85-M94.

18. Lim S, Kim JH, Yoon JW, et al. Optimal cut points of waist circum-
ference (WC) and visceral fat area (VFA) predicting for metabolic syn-
drome (MetS) in elderly population in the Korean Longitudinal Study on
Health and Aging (KLoSHA). Arch Gerontol Geriatr. 2012;54:e29-e34.
doi:10.1016/j.archger.2011.07.013

19. LeeJH, Lee KU, Lee DY, et al. Development of the Korean version of the
Consortium to Establish a Registry for Alzheimer’s Disease Assessment

%20z IMdy 60 U0 1senb Aq 98/ /¥6Z/7¥Z L/01/69/2101e/ABojojuciebpawolq/wod dno-olwsepeoe//:sdiy woly pspeojumoq


http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glu050/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glu050/-/DC1

1252

20.

21.

22.

23.

24.

25.

26.

Packet (CERAD-K): clinical and neuropsychological assessment bat-
teries. J Gerontol B Psychol Sci Soc Sci. 2002;57:P47-P53.

Landi F, Liperoti R, Russo A, et al. Sarcopenia as a risk factor for falls
in elderly individuals: results from the ilSIRENTE study. Clin Nutr.
2012;31:652-658. doi:10.1016/j.clnu.2012.02.007

Newman AB, Kupelian V, Visser M, et al. Strength, but not muscle
mass, is associated with mortality in the health, aging and body com-
position study cohort. J Gerontol A Biol Sci Med Sci. 2006;61:72.
Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace
RB. Lower-extremity function in persons over the age of
70 years as a predictor of subsequent disability. N Engl J Med.
1995;332:556-561.

Rolland Y, Lauwers-Cances V, Cesari M, Vellas B, Pahor M, Grandjean
H. Physical performance measures as predictors of mortality in a
cohort of community-dwelling older French women. Eur J Epidemiol.
2006;21:113-122.

WooJ, Ho S, Yu A. Walking speed and stride length predicts 36 months
dependency, mortality, and institutionalization in Chinese aged 70 and
older. J Am Geriatr Soc. 1999;47:1257-1260.

Tseng LA, Delmonico MJ, Visser M, et al. Body composition
explains sex differential in physical performance among older adults.
J Gerontol A Biol Sci Med Sci. 2014;69:93-100. doi:10.1093/gerona/
glt027

Norman K, Stobius N, Reiss J, Schulzke J, Valentini L, Pirlich
M. Effect of sexual dimorphism on muscle strength in cachexia.

217.

28.

29.

30.

31

32.

KIM ET AL.

J Cachexia Sarcopenia Muscle. 2012;3:111-116. doi:10.1007/
$13539-012-0060-z

Volpato S, Bianchi L, Cherubini A, et al. Prevalence and clini-
cal correlates of sarcopenia in community-dwelling older people:
application of the EWGSOP definition and diagnostic algorithm.
J Gerontol A Biol Sci Med Sci. 2014;69:438-446. doi:10.1093/
gerona/glt149

Baumgartner RN, Stauber PM, McHugh D, Koehler KM,
Garry PJ. Cross-sectional age differences in body composi-
tion in persons 60+ years of age. J Gerontol A Biol Sci Med Sci.
1995;50:M307-M316.

Murphy RA, Ip EH, Zhang Q, et al. Transition to sarcopenia and
determinants of transitions in older adults: a population-based study. J
Gerontol A Biol Sci Med Sci. 2013. Epub ahead of print.

Kim YS, Lee Y, Chung YS, et al. Prevalence of sarcopenia and
sarcopenic obesity in the Korean population based on the Fourth
Korean National Health and Nutritional Examination Surveys. J
Gerontol A Biol Sci Med Sci. 2012;67:1107-1113. doi:10.1093/
gerona/gls071

Kim TN, Yang SJ, Yoo HIJ, et al. Prevalence of sarcopenia and sarco-
penic obesity in Korean adults: the Korean sarcopenic obesity study.
Int J Obes (Lond). 2009;33:885-892. doi:10.1038/ijo.2009.130

Kim JH, Choi SH, Lim S, et al. Sarcopenia and obesity: gender-differ-
ent relationship with functional limitation in older persons. J Korean
Med Sci. 2013;28:1041-1047. doi:10.3346/jkms.2013.28.7.1041

%20z IMdy 60 U0 1senb Aq 98/ /¥6Z/7¥Z L/01/69/2101e/ABojojuciebpawolq/wod dno-olwsepeoe//:sdiy woly pspeojumoq



