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Objectives: This study aimed to investigate factors affecting sarcopenia in different age groups
among Korean adults aged 20 years or older.

Methods: In this secondary analysis, data were collected from records for 17,968, participants
who participated in the Korea National Health and Nutrition Examination Survey during 2008-
2011. Data were analyzed using multiple logistic regression to determine the associated factors
of sarcopenia by age groups.

Results: The prevalence of sarcopenia increased significantly with age. Physical activity, blood
pressure, waist circumference, triglycerides, vitamin D level were found to be factors significant-
ly associated with sarcopenia in all age groups. Total energy intake was found to be a factor that
is significantly associated with sarcopenia among the adults aged 20-39 years. Fasting glucose,
suicidal ideation, perceived health status, mobility problem, pain/discomfort, total energy intake
were found to be factors associated with sarcopenia in the adults aged 40-64 years. Sex, residen-
tial area, smoking, drinking, fasting glucose, osteoarthritis, fall experience, usual activity prob-
lem, protein intake were factors associated with sarcopenia in the adults over 65 years of age.
Conclusion: The findings show that sarcopenia in adults and the associated factors were differ-
ent by age groups. Thus, these factors should be considered in the development of intervention
programs for the care and prevention of sarcopenia, and such programs should be modified ac-
cording to different age groups.

Key Words: sarcopenia, age groups, Korea National Health and Nutrition Examination Survey
(KNHANES)

INTRODUCTION

Sarcopenia is an age-related decline in the skeletal muscle mass and muscle strength [1,2].
It results from a disproportionate decrease in skeletal muscle protein synthesis and/or increase
in skeletal muscle protein breakdown [3]. The prevalence of sarcopenia in adults over 60 years
of age was about 42.0% [4], but the diagnosis of sarcopenia before problems, such as physical
functioning or falls occur, is difficult [3]. In addition to changes in the musculoskeletal system
due to aging, the imbalance in the nervous system, hormones, and the nutritional status, and
the inflammatory state affect the incidence of sarcopenia [5,6]. This results in the impairment of
physical function, the risk of falls, and the increased likelihood of admission to long-term care
facilities [5-7]. Additionally, a 2-fold increase in the risk of death for every 1 kg/m’ reduction
in muscle mass has been reported [8]. Therefore, sarcopenia has recently been recognized as an
important health problem.
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Even with a conservative estimate of prevalence, sarcopenia
will affect more than 200 million people in the next 40 years
[9]; hence, reducing the prevalence of sarcopenia by 10% would
result in saving 1.1 billion US dollars per year in United States
healthcare costs [10]. Sarcopenia is a serious problem that causes
not only health problems and physical disabilities but also high
social medical expenditure. Therefore, it is necessary to actively
try to prevent the occurrence of sarcopenia, thereby improving
the health of the individuals and reducing the burden of medical
expenses.

Muscle volume peaks in the third decade of life, gradually
decreasing from the fourth decade of life, with a decrease of 8%
in the seventh decade of life, and further decreases of 15% every
decade thereafter [11]. Sarcopenia is recognized as a problem
of aging, and most studies are conducted in the elderly [12,13].
However, the prevalence of sarcopenia is 15%, 25%, 36%, and
38% among the individuals in their 20s, 30s, 40s, and 50s, respec-
tively [14]. This suggests the necessity of research on the preva-
lence and the influencing factors of sarcopenia among adults in
their 20s to 50s.

As individuals get older, it takes longer to grow muscle. This is
because the function of hormones and the cellular organelles that
promote protein synthesis are impaired. Therefore, it is empha-
sized that in order to maintain muscle mass and muscle strength
in old age, muscles should be exercised as early as possible [2,15].
It is necessary to manage health care for each life cycle to main-
tain health for a long time by managing muscle mass aggressively,
starting from adolescence and middle age.

Most of the previous studies were conducted on elderly
people over 60 years of age [12,16], but relatively few studies
have focused on differences by age in the general population.
Most studies focus on the relationship between sarcopenia and
the individual factors [4,17]. There are a few studies that have
comprehensively analyzed the influential factors, such as so-
ciodemographics, health behaviors, physical, psychological, and
nutritional factors.

The purpose of this study was to explore the prevalence of
sarcopenia in different age groups (20-39 years, 40-64 years,
and 65 years or older) to compare the prevalence of sarcopenia
according to influencing factors, and to examine the age-specific
influencing factors for sarcopenia.

MATERIALS AND METHODS
1. Study design

This study is a secondary analysis of data collected in the
Fourth and Fifth Korea National Health and Nutrition Exami-
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nation Survey (KNHANES) conducted during 2008-2011, a
nationally representative cross sectional and population-based
survey, conducted by the Korea Centers for Disease Control and
Prevention (KCDC).

2. Participants

We initially selected those aged 20 years or older, and ex-
cluded participants who had any malignancy or were pregnant.
Finally, 17,968 participants were included in our analysis.

3. Measurements

1) Sarcopenia

The DXA was used to measure the appendicular skeletal
muscle mass (ASM, kg), defined as the sum of the lean soft tissue
mass of the arms and legs. Sarcopenia was defined as an ASM/
Wt (%) that was less than 1 standard deviation below the mean
of a sample of healthy adults aged 20 to 39 years. The reference
group of this study included 4,987 healthy adults without any
history of chronic diseases, such as diabetes, stroke, coronary
artery disease, thyroid disease, arthritis, tuberculosis, asthma,
chronic obstructive lung disease, liver cirrhosis, and cancers [18].
The cutoff value for sarcopenia was 30.3% for men and 23.8% for
women in this study.

2) Influencing factors

The sociodemographic factors examined include sex (male,
female), family structure (with family members, single), residen-
tial area (rural, city), socioeconomic status level (high, more than
high school and more than household income average; low, be-
low middle school and below household income average, middle;
other than that). As health behavior factors, data on current smo-
king and drinking (< 1 times/month, 1-4 times/month, or > 2
times/week) were analyzed. Physical activity was assessed using
the international physical activity questionnaire [19]. The partici-
pants were divided into low, medium, and high levels of physical
activity based on their total physical activity and the frequency
of these activities. The metabolic risk factors were based on the
national cholesterol education program adult treatment panel
III guidelines, with high blood pressure defined as levels more
than 130 mmHg of systolic blood pressure or 85 mmHg diastolic
blood pressure, or taking anti-hypertensive medication; abdomi-
nal obesity as more than 90 cm for men and 80 cm for women;
high fasting glucose levels as more than 100 mg/dL or taking
hypoglycemic agent or insulin therapy; high triglyceride levels
as more than 150 mg/dL or taking medication for dyslipidemia
treatment; low level of high density lipoprotein (HDL)-cholesterol
as less than 40 mg/dL for men and 50 mg/dL for women or tak-

ing medication for dyslipidemia treatment [20]. Osteoarthritis
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Table 1. Differences in characteristics by age groups (n = 17,968)

Characteristic 20-39y (n = 5,802) 40-64y (n = 8,265) Over 65y (n =3,901) v
Sex Female 3,306 (47.6) 4,657 (49.4) 2,259 (59.7) 108.50
Male 2,496 (52.4) 3,608 (50.6) 1,642 (40.3)
Family structure With family members 5,561 (94.9) 7,902 (96.5) 3,200 (84.1) 527.60
Single 238 (5.1) 349 (3.5) 693 (15.9)
Residential area Rural 773 (12.0) 2,002 (22.0) 1,566 (36.1) 707.23
City 5,029 (88.0) 6,263 (78.0) 2,335 (63.9)
SES level High 3,711 (62.9) 3,457 (43.5) 265 (6.2) 5,210.64
Medium 1,899 (35.1) 2,798 (35.9) 935 (26.2)
Low 106 (2.0) 1,869 (20.6) 2,562 (67.6)
Current smoking Yes 1,623 (33.1) 1,786 (25.7) 548 (14.8) 316.87
Drinking (time) < 1/mo 2,012 (31.7) 3,637 (40.6) 2,521 (66.8) 1,154.29
1-4/mo 2,536 (46.0) 2,563 (32.0) 583 (14.8)
>2/wk 1,206 (22.3) 1,998 (27.4) 723 (18.4)
Physical activity High 1,541 (28.9) 2,584 (31.7) 861 (20.6) 126.60
Medium 1,985 (34.8) 2,577 (31.0) 1,340 (35.2)
Low 2,254 (36.3) 3,053 (37.3) 1,630 (44.2)
Metabolic syndrome
Blood pressure Low 4,946 (83.5) 4,591 (56.2) 1,103 (27.6) 2,798.59
High 856 (16.5) 3,673 (43.8) 2,796 (72.4)
Waist circumference Not AO 4,574 (79.9) 4,942 (62.1) 1,997 (49.5) 981.74
AO 1,205 (20.1) 3,299 (37.9) 1,889 (50.5)
Fasting glucose Low 5,060 (89.2) 5,429 (66.9) 1,954 (53.2) 1,584.35
High 621 (10.8) 2,654 (33.1) 1,635 (46.8)
Triglyceride Low 4,583 (79.3) 5,186 (63.2) 2,110 (58.1) 607.96
High 1,104 (20.7) 2,905 (36.8) 1,467 (41.9)
HDL cholesterol High 4,395 (78.7) 5,362 (68.2) 1,907 (52.9) 576.36
Low 1,292 (21.3) 2,729 (31.8) 1,670 (47.1)
Osteoarthritis Yes 110 (1.9) 1,176 (12.2) 1,344 (35.3) 2,039.79
Fall experience Yes 58 (1.1) 116 (1.5) 109 (2.5) 23.80
Depression Yes 678 (11.5) 1,184 (13.9) 674 (17.8) 62.39
Stress Many 1,993 (34.0) 2,199 (26.6) 855 (22.9) 15228
Suicidal ideation Yes 785 (13.1) 1,233 (14.6) 938 (25.7) 22228
Perceived health status Good 2,520 (44.3) 3,196 (38.1) 1,225 (32.8) 718.73
Fair 2,508 (42.9) 3,286 (42.1) 1,140 (29.7)
Poor 750 (12.8) 1,735 (19.8) 1,473 (37.5)
Quality of life Mobility problem 151 (2.6) 1,006 (10.8) 1,733 (46.4) 3,211.35
Self-care problem 26 (0.4) 194 (2.2) 525(13.7) 1,118.47
Usual activity problem 94 (1.7) 578 (6.3) 1,138 (30.4) 2,135.31
Pain/discomfort 758 (12.7) 1,868 (21.1) 1,690 (43.7) 1,038.20
Anxiety/depression 450 (7.8) 894 (10.1) 618 (15.7) 124.68
Total energy (kcal/day) > 3,000 656 (15.6) 715 (11.7) 111 (2.9) 624.26
2,000-3,000 1,525 (32.0) 2,233 (31.2) 698 (18.7)
1,000-2,000 2,316 (44.2) 3,834 (50.5) 2,324 (62.0)
< 1,000 407 (8.2) 502 (6.6) 517 (15.9)
Protein (g/kg/day) >12 2,086 (42.8) 2,561 (36.6) 726 (19.0) 606.37
0.8-1.2 1,524 (30.3) 2,545 (34.7) 1,143 (30.5)
<0.8 1,294 (26.9) 2,178 (28.7) 1,781 (50.5)
Vitamin D (ng/mL) >20 1,574 (26.5) 3,314 (40.2) 1,736 (46.4) 443.73
<20 4,113 (73.5) 4,764 (59.8) 1,813 (53.6)
Sarcopenia 1,080 (19.2) 2,484 (29.1) 1,619 (42.3) 532.72

Values are presented number of unweighted sample size (weighted percent) the discrepancy between number and total number is due to missing value.
SES, socioeconomic status; AO, abdominal obesity; HDL, high density lipoprotein.
*Rao-Scott y’-test; p < 0.001.
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and fall experience coded as “yes” or “no”. The psychological fac-
tors examined included depression for two consecutive weeks in
the past year, the degree of stress (less, many), suicidal ideation
for the last year, and perceived health status (good, fair, poor).
The quality of life was defined based on the answers of “having
problems (including some problems)” and “no problems” to
mobility, self-care, usual activity, pain/discomfort, and anxiety/
depression in the EQ-5D Questionnaire. Nutritional factors, such
as total energy and protein were measured by the single 24-hour
dietary recall method. Vitamin D levels were measured using se-
rum 25-hydroxyvitamin D concentration.

4. Statistical analysis

Data analysis was performed using IBM SPSS Statistics for
Windows, version 20.0 (IBM Co., Armonk, NY, USA). In order
to calculate the total population that the sample would represent,
we employed the stratification variables and sampling weights
designated by the KCDC. All data were described as unweighted
frequency, and weighted percentage. Rao-Scott ’-test for cat-
egorical variables was performed. Multiple logistic regression
analyses were used to identify the influencing factors of sarcope-
nia according to age groups.

RESULTS

1. Differences in characteristics by age groups

A total of 17,968 Korean adults aged 20 years or older were
included in this study: 5,802, 8,265, and 3,901 participants, be-
longed to the 20-39, 40-64, and 65 years or older age groups.
The number of men was more than that of women in the 20-39
and 40-64 age groups, while it was the opposite in the over 65
age group. Most participants of all age groups lived with their
families and in cities. The rates of low socioeconomic status level
and low physical activity increased with age. The rates of high
blood pressure, abdominal obesity, high fasting glucose, high
triglyceride, and low HDL cholesterol were the highest in the 65
years old or older age group. Additionally, the rates of osteoar-
thritis, serum vitamin D levels, fall experience, depression, and
suicidal ideation increased with age, while the rate of high stress
and perceived good health status, daily total energy and protein
intake decreased. The percentage of respondents who answered
“with a problem” in the five domains of quality of life increased
with age (Table 1).

2. Prevalence of sarcopenia based on characteristics by
age groups

The rate of sarcopenia increased with age (19.2%, 29.1%, and
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42.3% among the 20-39, 40-64, and 65 and older age groups,
respectively) (Table 1).

As a result of confirming the prevalence of sarcopenia in the
participants, significant variables were different for each age
group (Table 2). In the 20-39 age group, the prevalence of sarco-
penia was higher in men and in participants with low socioeco-
nomic status, with current smoking, frequent drinking, low phys-
ical activity, high blood pressure, abdominal obesity, diabetes,
dyslipidemia, and low HDL cholesterol. In addition, sarcopenia
was more prevalent among those with high levels of stress, poor-
perceived health status, problems in mobility and usual activity,
pain or discomfort. The prevalence of sarcopenia was significant-
ly higher when daily energy and protein intake or serum vitamin
D levels were lower. In the 40-64 age group, the prevalence of
sarcopenia was higher in women and in participants living alone,
with low socioeconomic status, no current smoking, less frequent
drinking, low physical activity, high blood pressure, abdominal
obesity, diabetes, dyslipidemia, low HDL cholesterol and osteo-
arthritis than other participants. In addition, sarcopenia was
more prevalent among those with depression, suicidal ideation,
perceived poor health, having a problem with mobility, self-care
and usual activity, and anxiety or depression. The prevalence of
sarcopenia was significantly higher when daily energy and pro-
tein intake or serum vitamin D levels were lower. Additionally, in
the 65 years or older age group, the prevalence of sarcopenia was
higher in participants living in the city, with no current smoking,
less frequent drinking, low physical activity, high blood pressure,
abdominal obesity, diabetes, dyslipidemia, low HDL cholesterol,
osteoarthritis and fall experience. The prevalence of sarcopenia
was higher in participants having problems with mobility, self-
care, usual activity, and pain or discomfort. However, sarcopenia
was less prevalent among those with depression and suicidal
ideation. The prevalence of sarcopenia was significantly higher
when the daily energy and protein intake or the serum vitamin D
level was lower.

3. Factors affecting sarcopenia by age groups

As a result of multiple logistic regression analysis, the influ-
encing factors of sarcopenia were different for each age group
(Table 3). In the 20-39 age group, significant influencing factors
were low physical activity (odds ratio [OR], 1.338; 95% con-
fidence interval [CI], 1.060-1.689), high blood pressure (OR,
1.738; 95% CI, 1.335-2.263), abdominal obesity (OR, 4.236;
95% CI, 3.398-5.281), and high triglycerides (OR, 1.683; 95%
CI, 1.322-2.144). Additionally, low energy intake and low se-
rum vitamin D level (OR, 1.290; 95% CI, 1.034-1.609) had a
significant effect on sarcopenia. In the 40-64 age group, the risk
of sarcopenia in men was 1.329 times (95% CI, 1.112-1.590)
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higher than in women. Additionally, medium physical activity
(OR, 1.251; 95% CI, 1.052-1.488), low physical activity (OR,
1.327; 95% CI, 1.118-1.576), high blood pressure (OR, 1.476;
95% CI, 1.291-1.688), abdominal obesity (OR, 3.186; 95% CI,
2.731-3.716), diabetes mellitus (OR, 1.174; 95% CI, 1.010-1.364)
and dyslipidemia (OR, 1.329; 95% CI, 1.138-1.550) were associ-
ated with a high risk of sarcopenia. Suicidal ideation (OR, 1.362;
95% CI, 1.125-1.650), perceived poor health status (OR, 1.258;
95% CI, 1.036-1.527), and mobility problems (OR, 1.288; 95%
CI, 1.020-1.627) had a significant effect on sarcopenia. Low
energy intake and low serum vitamin D level (OR, 1.381; 95%
CI, 1.182-1.615) also had a significant effect on sarcopenia. In
the 65 years or older age group, the risk of sarcopenia was 3.293
times (95% CI, 2.551-4.251) higher in men and 1.442 times (95%
CI, 1.094-1.901) higher in city dwellers. Additionally, medium
physical activity (OR, 1.364; 95% CI, 1.039-1.792), low physical
activity (OR, 1.440; 95% CI, 1.076-1.926), high blood pressure
(OR, 1.549; 95% CI, 1.249-1.921), abdominal obesity (OR, 4.705;
95% CI, 3.753-5.898), diabetes mellitus (OR, 1.234; 95% CI,
1.010-1.508), and dyslipidemia (OR, 1.375; 95% CI, 1.108-1.704)
were associated with high risk of sarcopenia. Osteoarthritis (OR,
1.323; 95% CI, 1.066-1.642), fall experience (OR, 2.048; 95%
CI, 1.118-3.748), usual activity problems (OR, 1.330; 95% CI,
1.005-1.759), low protein intake (OR, 1.45; 95% CI, 1.026-2.033),
and low serum vitamin D level (OR, 1.677; 95% CI, 1.375-2.044)
had significant effects on sarcopenia.

DISCUSSION

This study showed that the prevalence of sarcopenia increased
with increasing age, consistent with the findings of domestic and
international studies [14,21]. As age increases, muscle mass and
muscle strength are known to decrease even when there is no
change in body weight [22]. Muscular exercises should be per-
formed as early as possible to maintain muscle mass and muscle
strength in old age [2,15], and a preventive approach is needed.

This study found that the factors associated with sarcopenia
differ by age. The risk of sarcopenia was significantly higher in
men than in women in the 40-64 and 65 or older age groups. To-
tal limb muscle decreases more in men than in women [19], and
the decrease in total body potassium, an indicator of the amount
of skeletal muscle, is known to be faster in men than in women
[23]. Physical activity had significant influence on sarcopenia in
all age groups. This is consistent with the findings of other do-
mestic and international studies [24,25]. Limited physical activity
reduces the number and size of muscle fibers as muscle cells die
and physical stimuli decrease [26], and if the activity of the rest-

https://doi.org/10.24171/j.phrp.2017.8.3.03

ing level lasts more than 7 days, it results in the loss of 30% of the
muscle mass [27]. It may be necessary to consider the applica-
tion of a combined exercise program to increase muscle mass
and muscle function [28,29]. As sarcopenia is caused by lack of
muscle accumulation in young people, health education that in-
creases physical activity needs to be emphasized for them [30].

Blood pressure, waist circumference, and triglycerides had
significant influence on sarcopenia in all age groups. These re-
sults are consistent with those of previous research [12,20]. The
relationship between sarcopenia and hypertension in young
people had not been studied previously, and a direct comparison
with this study was difficult. However, since the prevalence of hy-
pertension in young adults has been increasing steadily, further
research on this is needed. In addition, increased visceral fat and
chronic inflammation with increased age are suspected to be the
cause of sarcopenia, which can explain the correlation between
abdominal obesity and sarcopenia according to the redistribu-
tion of fat in the elderly [2]. In this study, the risk of sarcopenia
was high when fasting blood glucose was high in the middle-
aged and elderly groups. Insulin resistance causes sarcopenia by
inhibiting the intracellular transport of amino acids that play an
important role in protein synthesis [15]. Aerobic exercise has a
positive effect on controlling blood glucose by reducing insulin
resistance in patients with type 2 diabetes [31]. Therefore, it is
necessary to inform individuals that exercise therapy can aid not
only maintaining proper blood glucose levels but may also pre-
vent sarcopenia.

In this study, the risk of sarcopenia was higher in patients 65
years or older with a history of osteoarthritis. Not using the pain-
ful joints would reduce muscle strength and muscle mass. Fall
experience had a significant effect on sarcopenia only among
those aged 65 and older. As the age increases, muscle atrophy ex-
acerbates the risk of falls by causing balance disorders. As agility
and flexibility are reduced and the reaction rate is slowed, injury
related to falls increase [25]. The risk of falls may increase due to
sarcopenia. However, fractures due to falls and fear of recurring
falls may result in a decreased physical activity, which may then
lead to sarcopenia. Therefore, further studies are necessary to
confirm the effect of fall experience on sarcopenia.

In the 40-64 years old group, the risk of sarcopenia was sig-
nificantly higher among participants with suicidal ideation, poor
perceived health status, and mobility problems. This was in part
consistent with the previous findings that patients with sarco-
penic obesity are more likely to perceive stress and increased
suicidal ideation, indicating a negative correlation with quality of
life [18]. There is a limited, but confirmed, to the causal relation-
ship between psychological health and sarcopenia.

In this study, the lower the serum vitamin D level, the higher
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was the risk of sarcopenia, for all age groups. Vitamin D is known
to bind to vitamin D receptors in the muscle cells to promote
protein synthesis and stimulate calcium mobilization through the
cell membrane [32]. Vitamin D deficiency is thought to occur
because people spend more time using indoor devices like smart
phones and internet, or working indoors in urban areas. This
phenomenon is expected to occur in young people, and it is nec-
essary to develop an intervention program that can complement
the vitamin D deficiency.

This study showed that the factors influencing sarcopenia dif-
fered by age groups. This suggests that it is necessary to provide
an intervention program for muscle health based on the life cycle.
The 20-39 years old group is not concerned about muscle loss.
The social atmosphere favoring a skinny body, excessive diet, caf-
feinated beverages, and instant food-based diets expose individu-
als to the risk of muscle loss as well as poor bone health. There-
fore, it is necessary to educate people in this age group about the
importance of avoiding excessive diets, maintaining appropriate
nutrition and exercise, while conducting continuous research on
sarcopenia to develop effective intervention programs. During
the middle-aged stage, there is lack of time to take the neces-
sary health actions because of the socioeconomic activities. The
results of this study showed that psychological health factors as
well as physical health factors influenced the occurrence of sarco-
penia in the 40-64 years old age group. Therefore, we believe that
it is necessary to develop an intervention program to prevent the
sarcopenia and to prepare for a healthy old age through proper
exercise, blood pressure and diabetes management, and positive
mental health. Osteoarthritis and fall experience in the age group
of 65 years or older were characteristic factors indicating sarco-
penia. As individuals get older, their bone density and muscle
mass decreases, and fat increases. However, if the loss of muscle
mass is minimized and strength maintained through appropriate

physical activity, secondary health problems could be prevented,
leading to a healthier and livelier life.

Using the KNHANES, which is representative of Korean
adults, we comprehensively identified the prevalence and related
factors of sarcopenia by age groups. In addition, it can provide
a basis for the development of optimal intervention programs
to prevent sarcopenia in each age group. Our study has several
limitations. First, sarcopenia should be assessed taking into ac-
count both the muscle mass and muscle strength. However,
because the KNHANES did not measure muscle strength, it was
not possible to select participants for sarcopenia. Furthermore,
changes in time should be considered for sarcopenia. However,
in this study, because cross-sectional data was analyzed, there
was a limit to checking causality between variables. It is recom-
mended that similar studies are conducted in the future using the
diagnostic criteria that consider both muscle mass and muscle
strength to identify the factors affecting sarcopenia in different
age groups. Additionally, we suggest that intervention programs
to reduce sarcopenia should be developed by taking into account
the influencing factors for each age group and the effects of such
interventions should be evaluated.
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