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The impact of sarcopenia on health-related
quality of life in elderly people: Korean National
Health and Nutrition Examination Survey
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Background/Aims: The purpose of the study is to investigate the associations between sarcopenia and health-related quality of life in elderly men and women in
Korea.
Methods: In a cross-sectional study using data from 2008 to 2011 Korean National Health and Nutrition Examination Survey, 4,937 adults aged 60 years and
older who underwent a dual-energy X-ray absorptiometry scan were included in
the study. Sarcopenia is defined as an appendicular skeletal muscle index of two
standard deviations or more below the mean for young, healthy reference popuReceived : May 18, 2017
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INTRODUCTION
The world is rapidly moving into an aged society. As life
expectancy is extended, the health and socioeconomic
burden of ageing-related problems are increasing expoCopyright © 2019 The Korean Association of Internal Medicine

nentially. In recent years, the interest in the quality of
life (QOL) of elderly people has also increased. Many experts and older people believe that the QOL is more important than length of life. QOL is a broad multidimensional concept. The World Health Organization defines
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the concept of QOL as ‘individual’s perception of their
position in life in the context of the culture and value
systems in which they live and in relation to their goals,
expectations, standard and concerns’ [1]. The elderly are
generally vulnerable due to declining physical and mental capabilities, and therefore health-related quality of
life (HRQOL) may be most important issue. As a result,
it is challenging to improve their life by investigating
factors related to HRQOL in the elderly.
There have been many advances in knowledge about
aging processes. Aging is accompanied by many changes
in body composition, and one of these is sarcopenia [2].
Sarcopenia is defined as a decrease of skeletal muscle
mass and function, and has emerged as one of the most
common problems in the elderly population [3]. The estimated prevalence of sarcopenia ranges from 5% to 13%
among people aged 60 years and over, increasing to as
high as 50% in people over the age of 80 years [4].
Originally, Baumgartner et al. [5] defined sarcopenia as
being two standard deviations below the normal appendicular skeletal muscle mass divided by height squared.
Dual-energy X-ray absorptiometry (DXA), an accurate
and reliable method to distinguish fat, bone, and lean
body mass, is the most widely used method for measuring muscle mass in sarcopenia research [6].
In recent years, there has been a strong interest in the
study of sarcopenia, and evidence for its significance and
impacts in the elderly has been growing [6]. Sarcopenia
can have detrimental effects on physical and functional
activities and on the quality of life in elderly groups [7].
However, most studies about the relationship between
sarcopenia and QOL have been conducted in Western
populations, and few studies have been undertaken
among the elderly in Korea. Therefore, here we aimed
to investigate the impact of sarcopenia on QOL among
elderly Koreans using nationally representative data.

METHODS
Study population
We used data obtained from the Korean National Health
and Nutrition Examination Survey (KNHANES IV to V)
from 2008 to 2011. This was a cross-sectional study conducted every year by the Korea Centers for Disease Control and Prevention. The sampling units were registered
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households selected through a stratified, multistage
probability-sampling design considering geographic
area, gender, and age, based on data from the Population and Housing Census and the Korean registered
population. Therefore, the sample was representative
of the noninstitutionalized civilian Korean population.
Among 37,753 individuals who participated in the survey,
4,937 adults aged 60 years and older who underwent a
DXA scan were included. This survey was approved by
the Institutional Review Board of Korea Centers for Disease Control and Prevention (IRB: 2008-04EXP-01-C,
2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON06-C). And all the participants in this survey signed an
informed consent form. The data are available on the
website (http://knhanes.cdc.go.kr/) [8].

Data collection
The KNHANES consisted of three components: a health
survey, a nutritional intake survey, and a health examination. The health survey included information on
smoking, alcohol consumption, physical activity, mental
health, comorbidity, educational and economic status,
and HRQOL. Current smokers were defined as those
who had smoked greater than 100 cigarettes in their
life and who currently smoked cigarettes. Heavy alcohol
drinking was defined as consuming seven or more standard drinks a week for men, and five or more standard
drinks a week for women. Physical activity levels were
divided into three categories: (1) high, vigorous activities that make the subject breathe hard for 20 minutes
at least 3 days a week; (2) moderate, activities that make
the subject breathe a little harder for 30 minutes at least
5 days a week; and (3) low, common daily activities that
do not require much effort.
The HRQOL was measured using the EuroQol-5 dimension (EQ-5D), which is the most commonly used
standardized questionnaire for measuring health outcomes [9,10]. The EQ-5D consists of the EQ-5D descriptive system and the EQ visual analogue scale (EQ-VAS).
The EQ-5D descriptive system comprises five dimensions: mobility, self-care, usual activities, anxiety/depression, and pain/discomfort. Each dimension has
three levels: no problems, some problems, and extreme
problems. The EQ-5D descriptive system can be converted into a weighted health state index score by applying
scores from the EQ-5D preference weights elicited from
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general population samples. The EQ-5D index score
ranges from states worse than dead (–1) to full health (1),
anchoring death at 0. For this study, Korean population
weightings were used to convert the results to an EQ5D index score. The EQ-VAS records the respondent’s
self-reported health on a vertical, VAS from 0 (worst
imaginable health) to 100 (best imaginable health).
Health examinations included anthropometric measurements, blood and urine tests, chest X-rays, ophthalmic and oral examinations, and bone mineral density
measurements using DXA scans. All physical examinations were performed by a specially trained examiner
who followed a standard procedure. Waist circumference was measured in the horizontal plane midway between the iliac crest and costal margin at the end of a
normal expiration. Body mass index (BMI) was calculated as body weight in kilograms divided by the square of
height in meters.

Study variables
We measured the total body fat tissue and lean soft
tissues in kilograms using DXA scans. Lean soft tissue
mass was separated into trunk and appendicular components, and appendicular lean mass was calculated as
the sum of lean soft tissue mass in the arms and legs.
The skeletal muscle index (SMI) was obtained by dividing absolute muscle mass by squared height (kg/m2). According to Baumgartner’s criteria, we defined sarcopenia as an appendicular SMI of two standard deviations
or more below the mean for young, healthy reference
populations [5]. According to this definition, the cut-off
values were 6.03 kg/m2 in men and 4.14 kg/m2 in women.
Total body fat percentage was calculated as the weight
of total body fat tissue divided by total body weight.
Women with > 38% total body fat and men with > 27%
total body fat were classified as obese [11].
To investigate the relationship between sarcopenia
and HRQOL, we used the EQ-5D questionnaire including the EQ-5D descriptive system, the EQ-VAS, and the
EQ-5D index score. The EQ-VAS and EQ-5D index score
are presented as the mean ± standard error and some or
extreme problems reported in the EQ-5D descriptive system were categorized as indicating an impaired HRQOL.

Statistical analyses
Data are expressed as percentages or as the mean ± stan-
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dard error. Student t tests for continuous variables and
chi-square tests for categorical variables were used to
evaluate significant differences. Multivariable adjusted
logistic analysis was performed to calculate odds ratios
and 95% confidence intervals for the association of sarcopenia with HRQOL. All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA). A p value of less than 0.05 was considered to
indicate statistical significance.

RESULTS
Prevalence of sarcopenia
A flow diagram for the study population is shown in
Fig. 1. Among 4,937 adults over the age of 60 years, 324
had sarcopenia: an overall prevalence of 6.6%. In terms
of age groups, the prevalence of sarcopenia was 4.6%,
7.3%, and 15.7% in adults aged 60 to 69, 70 to 79, and ≥ 80
years, respectively. The overall prevalence of sarcopenia
was 11.1% for men and 3.2% for women, so men had a
higher prevalence of sarcopenia than did women.

Baseline characteristics associated with sarcopenia
Table 1 summarized the characteristics of these elderly men and women according to the presence of sarcopenia. The mean age was higher in men and women with sarcopenia than in those without sarcopenia.
Sarcopenic men tended to have a lower income, lower

4,937 KNHANES (2008–2011)
Adults older thatn 60 years of age
who underwent DXA

2,160 Men

2,777 Women

[Sarcopenia]
Appendicular skeletal muscle index of 2 standard deviations or
more below the mean for youg, healthy reference populations
(6.03 kg/m2 in men and 4.14 kg/m2 in women)

No saropenia
1,925 (88.9%)

Sarcopenia
235 (11.1%)

No saropenia
2,688 (96.8%)

Sarcopenia
89 (3.2%)

Figure 1. Flow diagram for the study population. KNHANES, Korean National Health and Nutrition Examination Survey; DXA, dual-energy X-ray absorptiometry.
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1,107 (61.6)
706 (33.1)
112 (5.7)

60–69

70–79

≥ 80

221 (12.3)
616 (32.5)

Hyperlipidemia

Pulmonary disease

Values are presented as mean ± standard error or number (%).
a
Obesity is defined as > 27% for men and > 38% for women.

403 (20.4)

1,116 (58.3)

122 (5.9)

427 (22.0)

86.1 ± 0.25

30 (1.6)

Diabetes

Hypertension

Cancer

Comorbidity

Obese

Total body fat massa

Waist circumference, cm

Obese (≥ 30)

1,077 (56.7)

Normal (18.5–22.9)

Overweight (23–29.9)

42 (2.2)
776 (39.5)

Underweight (< 18.5)

19 (7.4)

56 (22.4)

20 (6.5)

55 (23.3)

139 (58.5)

21 (6.9)

33 (14.1)

78.3 ± 0.79

1 (0.5)

44 (21.0)

128 (53.3)

62 (25.2)

20.7 ± 0.27

256 (13.9)
23.7 ± 0.09

8 (3.0)

208 (89.6)

20 (16.8)

77 (33.8)

20 (8.4)

30 (13.1)

60 (24.5)

120 (53.9)

48 (21.7)

105 (40.2)

82 (38.1)

72.6 ± 0.58

176 (8.3)

1,493 (77.7)

Body mass index, kg/m2

High

Moderate

Low

Physical activity

508 (28.4)

High
199 (15.9)

Moderate–high

Heavy drinking

346 (18.0)
276 (15.1)

Low–moderate

Current smoker

753 (37.7)
529 (29.1)

Low

Income status

68.5 ± 0.17

Sarcopenia (n = 235)

Men (n = 2,160)
No sarcopenia (n = 1,925)

Age, yr

Characteristic

Table 1. Baseline characteristics of study population according to sarcopenic status

0.007

0.015

0.381

0.957

0.550

0.047

0.001

0.001

0.001

0.001

0.809

0.152

0.001

0.001

0.001

p value

390 (13.8)

624 (23.4)

525 (20.5)

1,703 (64.4)

157 (5.8)

692 (26.5)

83.5 ± 0.25

129 (5.2)

1,573 (59.0)

902 (32.8)

84 (3.0)

24.3 ± 0.08

250 (8.8)

236 (8.0)

2,202 (83.2)

18 (2.0)

122 (4.8)

287 (11.1)

380 (14.3)

642 (23.9)

1,337 (50.8)

242 (11.4)

1,043 (39.0)

1,403 (49.6)

70.3 ± 0.18

7 (6.0)

22 (25.1)

22 (25.1)

39 (67.4)

3 (2.6)

3 (2.3)

86.2 ± 1.14

5 (6.7)

60 (72.9)

18 (14.9)

6 (5.5)

25.2 ± 0.43

6 (4.7)

8 (11.0)

75 (84.2)

0

4 (3.4)

9 (10.5)

8 (10.3)

20 (18.5)

52 (60.7)

18 (18.6)

32 (39.1)

39 (42.3)

72.1 ± 0.94

Sarcopenia (n = 89)

Women (n = 2,777)
No sarcopenia (n = 2,688)

0.017

0.741

0.426

0.564

0.147

0.001

0.017

0.010

0.034

0.328

0.536

0.466

0.210

0.064

p value
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178 (8.7)

Pain/discomfort
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0.83 ± 0.02

61.97 ± 2.19

34 (15.8)

79 (34.4)

72 (31.7)

40 (18.5)

98 (42.8)

0.001

0.001

0.003

0.109

0.001

0.001

0.001

p value

0.83 ± 0.005

66.03 ± 0.57

523 (19.7)

1,286 (47.7)

817 (31.4)

393 (15.3)

1,260 (48.9)

No sarcopenia (n = 2,688)

1.01 (0.57–1.80)
1.02 (0.62–1.67)
1.15 (0.60–2.18)

Usual activities

Anxiety/depression

Pain/discomfort
–8.11
–0.06d

EQ-VAS (0–100)

EQ-5D index score

d

–6.12

–0.03

d

1.06 (0.57–1.98)

1.00 (0.61–1.64)

0.98 (0.56–1.73)

1.99 (1.01–3.92)d

1.38 (0.89–2.14)

Model 3c

2.43 (1.13–5.24)d

2.36 (1.08–5.13)d
–7.46

–0.08d

d

–0.03

–13.50

1.15 (0.40–3.25)

3.09 (1.32–7.26)d

2.91 (1.24–6.83)d
1.13 (0.40–3.20)

4.11 (1.41–11.99)d

1.15 (0.4–82.74)

Model 2b

Women (n = 2,777)

4.04 (1.40–11.67)d

1.11 (0.46–2.64)

Model 1a

Model 3c

–0.03

–13.75

1.10 (0.38–3.16)

2.37 (1.09–5.14)d

3.16 (1.29–7.73)d

4.49 (1.53–13.13)d

The EQ-5D descriptive system results are presented as odds ratio (95% confidence interval). Values for EQ-VAS and EQ-5D index score are beta-coefficients for sarcopenia when non-sarcopenia = 0.
EQ-5D, EuroQol comprising five dimensions; VAS, visual analogue scale.
a
Adjusted for age, body mass index, and total body fat mass.
b
Model 1 + adjusted for smoking and drinking habits, and amount of physical activity.
c
Model 2 + adjusted for comorbidities.
d
p < 0.05.

–6.40
–0.03

d

1.12 (0.59–2.12)

1.02 (0.62–1.68)

1.00 (0.57–1.78)

1.44 (0.93–2.23)
2.05 (1.03–4.09)d

1.44 (0.93–2.25)
2.01 (1.03–3.95)d

Model 2b

Men (n = 2,160)

Self-care

Model 1a

Mobility

EQ-5D descriptive system

Quality of life

Table 3. Multivariate regression analysis to evaluate the association between sarcopenia and health-related quality of life

0.003

0.055

0.215

0.017

0.002

0.001

0.004

p value

1.08 (0.45–2.63)

0.74 ± 0.03

58.97 ± 3.58

23 (26.2)

50 (61.0)

42 (54.1)

27 (35.0)

53 (65.2)

Sarcopenia (n = 89)

Women (n = 2,777)

Values are presented as number (%) or mean ± standard error.
EQ-5D, EuroQol comprising five dimensions; VAS, visual analogue scale.
a
Some or extreme problems in the EQ-5D descriptive system were used as cut-off points for determining impaired health-related quality of life.

0.91 ± 0.004

556 (28.3)

Anxiety/depression
72.76 ± 0.55

336 (17.5)

Usual activities

EQ-5D index score

141 (6.6)

EQ-VAS (0–100)

491 (25.7)

Self-care

Sarcopenia (n = 235)

Men (n = 2,160)
No sarcopenia (n = 1,925)

Mobility

EQ-5D descriptive systema

Quality of life

Table 2. Health-related quality of life according to sarcopenic status
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physical activity, lower BMI, and smaller waist circumference than men without sarcopenia. On the other
hand, sarcopenic women tended to have a higher BMI
and greater waist circumference than women without
sarcopenia. In other words, sarcopenic obesity was more
common in elderly women than in men. The prevalence
of sarcopenia was lower among obese men and women based on total body fat percentages compared with
nonobese men and women. There were no differences
in smoking status, heavy drinking rates, comorbidities
except pulmonary disease between sarcopenic and nonsarcopenic subjects.

Associations between sarcopenia and health-related
quality of life
Table 2 showed the HRQOL using EQ-5D according
to the presence of sarcopenia. In this descriptive system, sarcopenic men showed higher impairments in
mobility, self-care, and usual activities, and more pain/
discomfort compared with nonsarcopenic men. Sarcopenic women also showed higher impairments in mobility, self-care, and usual activities, and more anxiety/
depression compared with nonsarcopenic women. The
mean EQ-VAS and EQ-5D index scores were significantly lower for sarcopenic men and women compared with
nonsarcopenic subjects.
Table 3 showed the results of a multivariate regression model used to evaluate the impact of sarcopenia on
HRQOL. We determined three categories as factors that
could affect the HRQOL: (1) age and obesity; (2) lifestyle;
and (3) comorbidities. We analyzed the association between sarcopenia and HRQOL after adjusting for each
factor. After adjusting for age, BMI, and total body fat
mass, there was a significant association between sarcopenia and worse EQ-VAS and EQ-5D index scores
in these elderly men and women. Within the EQ-5D
descriptive system, impairments in self-care for men
and in self-care and usual activities, and more anxiety/
depression for women were associated with sarcopenia.
Sarcopenia showed an association with worse EQ-VAS,
impairments in self-care for men and in self-care and
usual activities, and more anxiety/depression for women, even after adjusting for all three categories. The adjusted odds ratios for self-care were 1.99 and 4.49 for sarcopenic men and women, respectively.
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DISCUSSION
Our study showed that 11.1% for men and 3.2% for women over 60 years of age were sarcopenic, and sarcopenia
had a significant association with the HRQOL in Korean
elderly people.
The prevalence of sarcopenia has been reported at
about 5% to 10% in those over 60 years of age, but it varies according to age, ethnicity, definition of sarcopenia,
and disease status. Globally, the prevalence of sarcopenia has been reported to be higher in men. Kim et al. [12]
reported that the prevalence of sarcopenia in the elderly
Korean population in 2012 was 12.4% for men and 0.1%
for women.
The pathogenesis of sarcopenia is considered multifactorial: decreased physical activity; age-related mitochondrial dysfunction; loss of motor neuron end plates;
weight loss; loss of anabolic hormones; and increases
in proinflammatory cytokines have been implicated [6].
Sarcopenia caused by these various degenerative facts
leads to a negative impact on general health in elderly
populations. Sarcopenia is known to be associated with
poor physical performance and functional decline. It can
then lead to disability and increased risks for many comorbidities and hospitalization [13]. In our study, those
with sarcopenia had significantly lower scores on the
EQ-VAS and the EQ-5D index score. After adjusting for
other factors known to be related to HRQOL, sarcopenic men had higher rates of some or extreme problems
in self-care, and sarcopenic women had higher rates of
some or extreme problems in self-care, usual activities,
and anxiety/depression.
Two other studies on sarcopenia in the Korean population were reported previously. Koo et al. [14] investigated the impact of sarcopenia and obesity on pulmonary
function and HRQOL in male patients with chronic
obstructive pulmonary disease. Both sarcopenia and
obesity were independent risk factors for worsening
lung function. The results showed that sarcopenia was
associated with poorer QOL and obesity was related to
better QOL. Another study showed the association of
sarcopenic obesity with several indices of psychological health and QOL [15]. They reported that sarcopenic
obesity was associated with adverse psychological health
and lower QOL compared to normal population. Unlike the previous two studies, our study focused on the
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effect of sarcopenia on HRQOL in the Korean elderly
population, regardless of comorbidities. We also analyzed men and women separately, because the effect of
sarcopenia may be different in men and women. As a result, we confirmed that there is a significant association
between sarcopenia and HRQOL in the elderly, and the
impact of sarcopenia on HRQOL seemed to be greater
in women than in men. One of the causes for higher
impact on women’s HRQOL may be a higher incidence
of sarcopenic obesity in women.
In addition to sarcopenia, obesity is one of the important changes in body composition that accompanies aging processes. Normal aging is associated with a
progressive increase in visceral abdominal fat mass [16].
Obesity has been shown to be linked to a higher risk
for disability and comorbidity and a decreased quality
of life in the elderly [17]. Obesity and sarcopenia might
interact to potentiate their detrimental effects on physical disability, morbidity, and mortality [18,19]. In our
study, women with sarcopenia had an increased waist
circumference and a higher BMI than women without
sarcopenia. In other words, unlike elderly men, elderly
women showed a tendency for sarcopenic obesity. This
difference between men and women might affect gender differences in the association between sarcopenia
and HRQOL, so more research is needed to clarify the
significance of sarcopenic obesity and the mechanisms
that might generate gender differences.
This study has some limitations. First, the definition
of sarcopenia is based only on the muscle mass. Since
Baumgartner et al. [5] originally defined sarcopenia as
an excessive loss of muscle mass associated with aging
processes, international groups have provided revised
definitions of sarcopenia including an evaluation of
both muscle function and mass [3,20]. Our study was
conducted using data from a nationwide survey that did
not include an evaluation of muscle function. Second, it
was not possible to analyze the effect of sarcopenia on
HRQOL in the population with specific comorbidities
such as cancer, chronic obstructive pulmonary disease,
diabetes, and hypertension. This is the cross-sectional study that measures the proportion of a population
with a particular exposure or disease at a single point in
time. Therefore, the disease status of each participant is
all different, and this makes it difficult to evaluate the
effect of sarcopenia in homogeneous group of patients
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with specific diseases. Although these are limitations
to the study, the results could be significant in terms
of evaluating the associations between sarcopenia and
HRQOL, targeted toward a representative elderly Korean population.
In conclusion, sarcopenia has become a major adverse
health condition of elderly subjects and contributes to
deteriorations in their physical and functional health.
We found that there was a significant association between sarcopenia and impairments in HRQOL in the
elderly Korean population. Therefore, efforts to treat
and prevent sarcopenia might improve the quality of life
for elderly people, and approaches considering gender
differences in sarcopenia and obesity might be needed.

KEY MESSAGE
1. The overall prevalence of sarcopenia was 6.6%
in Korean people aged 60 years or older, and
sarcopenia was more common in men than in
women.
2. Sarcopenia was associated with impairments in
self-care for men, and with impairments in selfcare, usual activities, and anxiety/depression for
women.
3. Sarcopenia has shown a more negative impact
on self-care among women than among men
(adjusted odds ratio 1.99 for men and 4.49 for
women).
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