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Abstract

Background: Sarcopenia has been implicated in the increased risk for cognitive impairment and depression
associated with aging. In this cross-sectional study, we investigated the relationship of sarcopenia with cogni-
tive impairment (MCI) and depression in a sample of 201 community-dwelling Korean women (mean age of
74.0%16.8 yr) between 2014 and 2015.

Methods: The Korean version of mini-mental state examination and the center for epidemiologic studies de-
pression scale was used to assess cognitive performance and depression, respectively. Grp strength was meas-
ured with a dynamometer. Demographics, body composition, education, alcohol consumption, and history of
cardiovascular diseases were assessed as covariates.

Results: Odds ratio (OR) and 95% confidence interval (95% CI) of MCI and depression were calculated ac-
cording to sarcopenia status. Compared to non-sarcopenic, pre-sarcopenic and sarcopenic women had the
ORs of 2.160 (95% CI of 0.840 - 5.554, P=0.030) and of 5.493 (95% CI of 1.854 - 16.270, P=0.002) for MCI.
The OR of pre-sarcopenia for MCI remained significant (P=0.030) even after adjustments for age, body mass
index (BMI), lean body mass, and education, while the OR of sarcopenia for MCI was no longer significant
(P=0.084) when adjusted for the covariates. Compared to non-sarcopenic, pre-sarcopenic and sarcopenic
women had the ORs of 3.750 (95% CI of 1.137 - 12.370, P=0.030) and of 4.687 (95% CI of 1.127 -19.505,
P=0.034) for depression. The ORs of pre-sarcopenia and sarcopenia for depression remained statistically sig-
nificant (P=0.020 and P=0.042, respectively) even after adjusted for the covariates

Conclusion: Sarcopenia was significantly associated with MCI and depression in otherwise healthy community
dwelling elderly Korean women.
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Introduction

The population aged 60 yr and older has been
increased in nearly all countries as a conse-
quent of decreased mortality and declining
fertility (1). While the majority of older adults
remain mentally healthy, many are at risk of
developing neuropsychiatric disorders such as
dementia and depression (2). Older adults
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with depressive symptoms are at increased
risk for developing cognitive impairments (3).
In fact, cognitive impairment often accompa-
nies depression or vice versa, but their rela-
tionship is bi-directional and complex such
that it remains an important research topic in
the elderly (4).
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Prevalence of sarcopenia, defined as a progres-
sive decline in muscle mass, strength, and func-
tion (5), increases with aging, in conjunction with
physical inactivity (6), malnutrition (7) and higher
body fat (8). Since those modifiable risk factors
are associated with cognitive impairment and de-
pression, sarcopenia may be linked to the patho-
logical processes that lead to the mental disorders
in older adults. This hypothesis has been sup-
ported by a recent cross-sectional study showing
that sarcopenia may increase the risk of cognitive
decline and depression in Taiwanese older adults
).

South Korea is moving toward an aged society at
the fastest pace in the world. In 2010, the Korean
population aged 65 yr and older reached 11%,
and the number is projected to increase to 24.3%
in 2030 and reach 37.4% in 2050 (10). In a na-
tionwide survey of South Koreans aged 65 yr and
older, prevalence of sarcopenia was 9.7% for
men and 11.8% for women (11). Another nation-
wide survey reported that prevalence of dementia
was 8.1% (95% CI=6.9-9.2) for overall dementia
and 24.1% (95% CI = 21.0-27.2) for MCI (12). In
addition, prevalence of major depressive disor-
ders was estimated to range from 3.7% to 11.0%
(13). The majority of sufferers (14.9%~37.0%)
were over 60 yr with higher prevalence in women
than in men (13).

Low body mass index (BMI) in the elderly was
associated with the pathological severity of Alz-
heimet’s disease upon postmortem examination
(14) as well as more rapid onset of cognitive im-
pairment (15), suggesting that weight loss may
precede the onset of cognitive impairment lead-
ing to mild cognitive impairment and/or demen-
tia. Aging features lean body mass loss in con-
junction with sarcopenia, contributing to cogni-
tive impairment and brain atrophy (16, 17). How-
ever, there is contradictory evidence for the rela-
tionship of sarcopenia to cognitive decline and
depression in the Korean population. In a longi-
tudinal cohort from the Ansan Geriatric (AGE)
study, depression was significantly associated
with low body mass and sarcopenia in elderly
Korean men (18). In the 2010-2011 Korean Na-
tional Health and Nutrition Examination Survey,
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however, no association was found between sat-
copenia and depression in Korean adults aged 20
yr and older (19). Cognitive decline was signifi-
cantly associated with frailty components such as
grip strength and walking speed in elderly Korean
women (20).

Further studies are necessary to establish whether
sarcopenia is a modifiable risk factor for both
cognitive decline and depression in elderly Kore-
an adults. In a cross-sectional design, this study
examined the relationship between sarcopenia
status, mild cognitive impairment and depression
symptoms in community-dwelling South Korean
women aged 65 yr and older.

Methods

Participants

Opverall, 223 participants were initially recruited
via advertisements (i.e., local newspapers and fly-
ers) in local community centers in the North-
western Gyeonggi Province, South Korea be-
tween Dec 2014 and Dec 2015. Eligibility criteria
included: women aged 65 yr or older; no self-
reported difficulty walking; no difficulty perform-
ing basic activities of daily living (ADL); no re-
ported cane use, walker, crutches or other special
equipment to get around; no active treatment for
cancer in the prior three years; and no enrollment
in a lifestyle intervention trial.

After receiving information describing the study,
potential participants were screened for the eligi-
bility criteria described above. Of the 223 initial
participants, 17 were excluded due to mobility
limitations and/or use of cane, walker, and
crutches. Additional 5 participants refused to par-
ticipate in body composition and/or physical ac-
tivity assessments due to personal reason(s).
Consequently, 201 participants were available for
analyses.

Procedures

Data were collected during two separate visits.
During the first visit, demographic characteristics
and general health status were assessed with a
standardized  self-administered  questionnaire
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modified from ACSM's Guidelines for Exercise
Testing and Prescription (21) and geriatric nurses
conducted interviews.

During the second visit, body weight and height
were measured with a stadiometer attached to a
scale while subjects wore a hospital gown and
foam slippers (Jenix, Seoul, Korea). BMI was cal-
culated (kg/m?) from height and weight. The
mini-mental state examination (MMSE) and the
center for epidemiologic studies depression scale
(CES-D) were administered. Gait speed, hand-
grip strength, and muscle mass were measured to
assess sarcopenia status as described below.
Informed consent was obtained from all subjects
prior to study participation. The Sungkyunkwan
University Institutional Review Board, in accord-
ance with the World Medical Association Decla-
ration of Helsinki, approved the study protocol.

Determination of sarcopenia

Sarcopenia was evaluated based on the diagnostic
criteria of the Asia Working Group for Sarcope-
nia (AWGS) recommendations (22). Low muscle
mass (LMM) was defined as height-adjusted skel-
etal muscle mass of <5.4 kg/ m®, measured with a
whole-body DEXA scanner using the Lunar
DPX Pro total body scan mode (GE Lunar,
Madison, WI, USA). Low muscle strength (LMS)
was defined as handgrip strength of <18 kg, as-
sessed with a digital dynamometer (TTM-YD,
Tokyo, Japan). Low physical performance (LPP)
was defined as gait speed of <0.8 m/s, assessed
with a 6-meter walk test (OptoGait System, Bol-
zano, Italy). Individuals with only LMM were
categorized as pre-sarcopenic; those with LMM
plus LMS or LPP as sarcopenic; those with high-
er muscle mass regardless of LMS or LPP were
categorized as non-sarcopenic (23).

Determination of mild cognitive impairment

Global cognitive function was assessed with the
MMSE. This MMSE version was validated for
Korean elderly (24) The MMSE measures elder
cognitive status by quantifying orientation (10
points), short-term memory and recall (6 points),
attention (5 points), phonic fluency (2 points),
ability to follow verbal commands (4 points),
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judgment (2 points) and ability to copy a double
pentagon (1 point) (25). MMSE scores range be-
tween 0 and 30. Higher scores indicate better
cognitive status. The most widely accepted and
frequently used cutoff score for the MMSE is 23,
with scores of 23 or lower indicating the pres-
ence of mild cognitive impairment (MCI).
Determination of depression

The CES-D 20-item version was used (26, 27).
This test was designed to identify depression
symptoms and estimate their severity. Higher
scores indicate greater depression. The cut-off
score for probable depression was 16. The cutoff
score for definite depression was 25.

Demographic and potential covariates

Age, educational background, alcohol consump-
tion, and history of cardiovascular or
cerebrovascular disease, were assessed and in-
cluded as covariates. A detailed medical history,
including these variables, was obtained from the
participants or their informants. Cardiovascular
disease was defined as present if the participant
had a history of coronary artery disease, myocar-
dial infarction, atrial fibrillation or other arrhyth-
mias, heart valve disease, or congestive heart fail-
ure. Cerebrovascular disease was defined as pre-
sent if the participant had a history of hemor-
rhagic or ischemic stroke or transient ischemic
attacks.

Statistical analyses

All variables were checked for normality and sub-
jected to loglO transformation, if necessary, be-
fore statistical analyses. Tests for linear trends in
frequency and means of sample characteristics
according to incremental severity of sarcopenia
status were performed with the chi-square test
and linear contrast one-way of ANOVA, respec-
tively. Odds ratio (OR) and 95% confidence in-
terval (95% CI) for MCI and depression status
according to incremental severity of sarcopenia
status were estimated using logistic regression
before and after adjustment for the covariates
measured in this study. Alpha was set at P=0.05.
SPSS statistical software, ver. 21.0 (Chicago, IL,
USA) was used to perform all statistical analyses.
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Results

There was a significant positive, linear trend in
mean age (P<0.001), and negative linear trends in
education (P=0.002), BMI (P=0.008), and lean
body mass (P<0.001) across incremental sarco-
penia severity from non-sarcopenia to sarcopenia.
Significant negative and linear trends were found
in ASM index (P<0.001), gait speed (P<0.001),
and handgrip strength (P<0.001) across incre-
mental sarcopenia severity. In addition, signifi-
cant negative and linear trends were found in
MMSE (P<0.001) and CES-D (P=0.050) scores
across incremental sarcopenia severity (Table 1).
Compared to non-sarcopenic (OR=1), pre-

sarcopenic and sarcopenic women had ORs of
2.632 (P=0.035) and 5.493 (P=0.002), respective-
ly, for MCIL. When adjusted for age, BMI, lean
body mass, and educational background, the OR
of pre-sarcopenia for MCI was substantially at-
tenuated but remained significant (P=0.030),
while the OR of sarcopenia for MCI was no
longer significant (P=0.084).

Compared to non-sarcopenic (OR=1), pre-
sarcopenic and sarcopenic women had ORs of
3.750 (P=0.030) and 4.687 (P=0.034), respective-
ly, for depression. When adjusted all the covari-
ates, the ORs of pre-sarcopenia and sarcopenia
for depression remained statistically significant
(P=0.022 and P=0.042, respectively) (Table 2).

Table 1: Description of measured parameters according to the incremental severity of sarcopenia status

Variables Total Non-sarcopenia Pre-sarcopenia Sarcopenia P for linear
(N=201) (n=91/45%) (n=84/42%) (1=26/13%) trends
Demographic Measures
Age (yr) 74.3£6.6 72.2%6.7 75.9£5.8 76.6+6.5 <.001
Post menopause (yr) 49.4%£5.3 50.0£5.5 49.114.5 48.8106.4 .537
Educational background (yr) 6.1£4.1 5.114.1 5.7£3.9 .002
Body Composition
BMI (kg/m?) 24.9%3.4 25.2%3.3 25.0£3.1 22.9%3.6 .008
Body fat (%) 35.3%6.2 34.8%6.1 36.1%5.8 349175 .336
Lean body mass (kg) 34.7+3.4 35.8+2.8 34.4%3.4 31.6+3.2 <.001
Wiaist circumference (cm) 86.7£10.3 85.8%9.1 87.6£8.0 84.1£10.4 153
AWGS definition of Sarcopenia
ASM index (kg/m?) 5.8%0.6 5.8%0.5 5.0£0.3 <.001
Gait speed (m/s) 1.1+0.3 1.1£0.3 1.1+0.2 <.001
Hand grip strength (kg) 18.7£4.6 21.8%2.5 16.4+4.8 15.0+2.4 <.001
MMSE score 24.614.2 25.9%3.3 23.5%4.6 23.614.2 <.001
*CES-D score 8.819.9 10.3+10.7 12.2+12.7 .050
CVD risk factors, n (%) .647
1 15 (7.5%) 7 (8.3) 2(7.7)
2 39 (19.4%) 21 (23.1) 12 (14.3) 6 (23.1)
23 147 (73.1%) 64 (70.3) 65 (77.4) 18 (69.2)
Medication, n (%) 412
0 32 (16.0%) 13 (14.3) 15 (17.9) 4 (15.4)
1 68 (33.8%) 30 (33.0) 26 (31.0) 12 (46.1)
2 63 (31.3%) 34 (37.3) 25 (29.8) 4 (15.4)
23 38 (18.9%) 14 (15.4) 18 (21.3) 6 (23.1)
Alcohol consumption, n (%) .692
0 91 (45.3%) 39 (42.9) 42 (50.0) 10 (38.5)
1-2 97 (48.3%) 44 (48.3) 38 (45.2) 15 (57.7)
3-5 6 (3.0%) 224 1(3.8)
=5 7 (3.4%) 2 (2.4) 0 (0)

ASM: appendicular skeletal muscle mass; MMSE-DS: mini mental state examination of dementia screening; CES-D: the center
for epidemiologic studies depression scale; CVD: cardiovascular disease; AWGS: the Asia Working Group for Sarcopenia. 2Logio
transformed CES-D scores were used for statistical analyses, and its raw scores were presented in the table.
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Table 2: Odds ratios of mild cognitive impairment and depression according to the incremental severity of sarcope-
nia status

Levels of sarcopenia OR of MCI (95% C.1.) OR of depression (95% C.1.)

Unadjusted Adjusted* Unadjusted Adjusted*
Non-sarcopenia 1 1 1 1
2.632 (1.070-6.474) 2.361 (0.914-6.009) 3.750 (1.137-12.370) 4.519 (1.239-16.496)
5.493 (1.854-16.270) 4.502 (1.317-15.319) 4.687 (1.127-19.505) 5.448 (1.063-27.920)

Pre-sarcopenia
Sarcopenia

For the adjusted ORs, age, BMI, lean body mass, and education were entered as covariates in the logistic regression
analyses // OR: odds ratio; CI: confidence interval; MCI: mild cognitive impairment

Discussion

In this cross-sectional design, we investigated the
relationship of sarcopenia status with MCI and
depression in community-dwelling Korean elder-
ly women. Pre-sarcopenia and sarcopenia showed
prevalence of 42% and 13%, respectively.
Consistent with previous findings (28), sarcope-
nia severity increased linearly with age and de-
creased linearly with BMI, lean body mass, and
education. Higher BMI and lean body mass may
reflect better nutrition as well as regular physical
activity including exercise, which contributes to
prevent/delay the onset of sarcopenia with aging.
In addition, educational background was found
to be another factor in determining sarcopenia
associated with aging, but a definite explanation
cannot be given due to the cross-sectional nature
of this study.

In particular, we found that AWGA-based sarco-
penia severity was inversely and significantly as-
sociated with MMSE and CES-D scores, suggest-
ing its potential role as a determinant of cognitive
impairment as well as depression in Korean older
women. The current finding is consistent with
previous studies of Asian populations such as
Korean, Japanese, and Taiwanese older adults. In
a prospective study (29), sarcopenia was an inde-
pendent predictor of cognitive decline in com-
munity-dwelling Japanese older adults. Similatly,
sarcopenia was significantly associated with cog-
nitive impairment in community-dwelling older
Taiwanese (30). Compared to controls, adults
aged 40 yr or older with sarcopenia were more
likely to have both cognitive and physical im-
pairments (31). Further, changes in body compo-
sition were closely related to cognitive impair-
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ment (32). In the Epidemiology de osteoporosis
(EPIDOS) study, however, sarcopenia was not
shown to be associated with cognitive impair-
ment in elderly women (33). Similarly, neither
changes in body composition nor gait speed was
not associated with cognitive dysfunction in a 7-
yr follow-up study of 181 women aged 75 yr or
older (34).

In addition to cognitive function, we also found
that sarcopenia was significantly associated with
depression. Consistent with this finding, depres-
sion was negatively correlated with BMI in wom-
en and with low body mass and sarcopenia in
Korean men (35). Similarly, obese elderly Korean
women were less likely to suffer from depression,
as compared to those with apparently normal
weight (18). On the other hand, no associations
were found between sarcopenia and depression
prevalence or depression symptoms in Korean
adults (19). As an explanation for these conflict-
ing reports, the CES-D used in this study aimed
to measure the depression symptomatology spec-
trum rather than collecting only severity level in-
formation relevant to diagnosis or clinical as-
sessment, implying that the association between
sarcopenia and depression may not be completely
established in this study.

Overall, we found that sarcopenia was signifi-
cantly associated with both cognitive impairment
and depression symptoms in Korean elderly
women. Although further investigation is re-
quired to explore the interrelationship of sarco-
penia, cognitive impairment and depressive
symptoms in older adults, several possible expla-
nations can be given to the relationship of sarco-
penia with cognitive impairment and depression.
First, sarcopenia associated with aging often leads
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to physical inactivity secondary to low muscle
mass, strength, and function in conjunction with
poor diet (36). Second, a common mechanism
shared by sarcopenia, cognitive impairment, and
depression was inflammation. Age-related chron-
ic low-grade inflammation is associated with ele-
vations in circulating interleukin-6 and tumor ne-
crosis factor-o, and they have been reported as a
common factor for the occurrence of sarcopenia
as well as and the development of cognitive im-
pairment and depression (37). Finally, oxidative
stress related to chronic diseases may cause wast-
ing of skeletal muscle in conjunction with neu-
ronal degeneration and cognitive impairment
(38). Collectively, these conditions might result in
depressive symptoms and/or depression.

This study had several limitations. First, only am-
bulatory volunteers were surveyed and measured.
Despite the 75% response rate and locally desig-
nated examination centers, the prevalence of sar-
copenia, MCI, and depression might be underes-
timated, partially due to the relatively small sam-
ple size of the current study. Second, there are
still some associated factors not adequately evalu-
ated in this study. For example, nutrition and
physical activity, which are two major modulators
associated with sarcopenia and normal aging,
should be accounted for in a future study using a
large sample size. Third, the cross-sectional na-
ture of this study did not allow us to pinpoint a
causal relationship between sarcopenia, cognitive
function, and depression symptoms. A prospec-
tive and/or randomized controlled study will be
required to explore the causal relationship be-
tween sarcopenia, cognitive impairment and de-
pression symptoms in older Korean adults.

Conclusion

Sarcopenia was significantly and positively asso-
ciated with cognitive impairment and depression
in otherwise healthy community-dwelling elderly
Korean women, suggesting that a healthy lifestyle
consisting of good nutrition and physical activi-
ty/fitness should be promoted as a means to pre-
vent cognitive impairment and/or depression
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symptoms as well as sarcopenia with normal ag-
ing.
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