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Background: It is a very important social issue for Korea to have a healthy old age as an 
aged society. Aging causes a lot of physical changes, especially sarcopenia. Sarcopenia is 
defined as a persistent decrease in skeletal muscle and muscle strength. Sarcopenic 
obesity is a phenomenon in which fat is replaced instead of muscle. The purpose of this 
study was to examine the prevalence of sarcopenia and sarcopenic obesity in Korean el-
derly and to analyze the relationship with chronic disease. Methods: Data from the 2008 
to 2011 the Korea National Health and Nutrition Survey were used. A total of 3,492 pa-
tients were classified into 3 groups (non-sarcopenia, sarcopenia, sarcopenic obesity), 
and general, anthropometry, health behavior, nutrient intake and chronic disease status 
were compared by the statistical analysis. Results: The rate of moderate exercise was 
significantly lower in the sarcopenia and sarcopenic-obesity group than in the non-sar-
copenia group (P=0.007). The sarcopenic obesity group had significantly higher energy 
(P=0.005), protein (P=0.046) and fat (P=0.001) intake than the sarcopenic group. The 
sarcopenic-obesity group had the highest ratio of diabetes (P=0.023) and dyslipidemia 
(P=0.004) in the 3 groups. Compared with the non-sarcopenia group, in the sarcopenia 
and sarcopenic obesity groups, the odds ratios (ORs) of diabetes was increased by 1.24 
and 2.16 while the ORs of dyslipidemia was increased by 1.12 and 1.50, respectively. 
Conclusions: Regular exercise and adequate nutrient intake (energy, protein and fat) are 
essential for the prevention of sarcopenia in Korean elderly, and management of chronic 
disease in sarcopenic obesity elderly is important.
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INTRODUCTION

Sarcopenia means a decrease in muscle mass and muscle strength caused by 
decreased synthesis or increased degradation of muscle protein.[1] Aging report-
edly affects the musculoskeletal system, nervous system, and hormonal changes 
and causes nutritional state imbalance and inflammation, which in turn affects 
sarcopenia.[2] The incidence of sarcopenia has been increasing each year, and it is 
considered to be a serious social concern which gives rise to high medical cost.[3] 
Recently, the concept of Sarcopenic obesity has been emphasized in the academia 
regarding the physiological mechanism of muscle reduction, increase of body fat, 
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and redistribution of body fat. The sarcopenic obesity tend 
to be more exposed to the risk of disease than the isolated 
condition of sarcopenia or obesity.[4]

Sarcopenia is associated with various factors, including 
chronic illness, inadequate nutrition, and reduced physical 
activity. The risk of sarcopenia is known to increase in indi-
viduals who engage in very little physical activity or have 
an inadequate sleep pattern.[5,6] Furthermore, the risk of 
sarcopenia even increases in those who are infrequent 
smokers or alcohol consumption [7] as well as those with a 
low serum vitamin D level.[8] Aging increases body fat and 
insulin resistance, resulting in chronic illness as well as re-
duction in muscle strength and muscle quality; therefore, 
because muscle mass decreases with age, sarcopenia is 
recognized as a problem associated with aging. Despite 
the relevance of these various factors, domestic studies re-
garding the incidence of sarcopenia and sarcopenic obesi-
ty remain limited. Based on the results of previous studies, 
we hypothesized that there is a difference in lifestyle in pa-
tients with sarcopenia or sarcopenic obesity, and that chron-
ic disease prevalence will be different.

Therefore, this study was conducted to investigate the 
incidence of sarcopenia and sarcopenic obesity in Koreans 
elderly and to compare the relationship between various 
health related factors and disease using Korean big data.

METHODS

1. Study subject
This study used data from the Korea National Health and 

Nutrition Survey (KNHANES) conducted from 2008 to 2011. 
Of the total subjects, the data of only men and women 
aged ≥65 years were first extracted (n=6,420), and that 
of only 3,492 subjects were analyzed after excluding the 
subjects who had missing values for multiple variables 
(n=2,928). The flow chart of the subjects were showed in 
Figure 1. All subjects were classified into 3 groups (non-
sarcopenia, sarcopenia, and sarcopenic obesity). Muscle 
mass decreased by dual energy X-ray absorptiometry (DXA), 
was divided by body weight and calculated as a percent-
age. When the calculated value was less than 1 standard 
deviation (SD), it was classified as sarcopenia.[9] Sarcope-
nic obesity was defined as sarcopenia accompanies by a 
waist circumference of 90 cm for males or >85 cm for fe-
males (Fig. 1).[9]

2. Study variables
In general, age, sex, household income (low, middle-low, 

middle-high, high), education level (lower than elementa-
ry school, middle school, high school, university), body 
mass index (BMI), waist circumference, and muscle mass 
were used as anthropometric data in the KNHANES. We 

Fig. 1. Flow chart of subjects on KNHANES data 2008 to 2011. KNHANES, the Korea National Health and Nutrition Examination Survey; DXA, 
dual energy X-ray absorptiometry.

Total (N=377,533)
KNHANES 2008 (N=9,744)
KNHANES 2009 (N=10,533)
KNHANES 2010 (N=8,958)
KNHANES 2011 (N=8,518)

Subjects (N=3,492)

Sarcopenia  
(N=561)

Non-sarcopenia  
(N=2,119)

Sarcopenic obesity  
(N=812)

Exclusion (N=374,041)
• Age <65 years (N=371,113)
•  No data of DXA (N=1,518)
•  <500 kcal and >4,000 kcal per day in 

nutritent data (N=669)
• Missing and error data (N=741)
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used the results associated with physical activity (vigorous, 
moderate), smoking and drinking status, nutrient intake 
(energy, carbohydrate, protein, and fat) and analyzed the 
comorbid conditions of the subjects such as hypertension, 
diabetes mellitus, dyslipidemia, and osteoporosis.

3. Statistical analysis
SPSS 18.0 programs (SPSS Inc., Chicago, IL, USA) was 

used for the statistical analysis and, to identify differences 
among the 3 groups, means and SDs were analyzed by 
one-way analysis of variance (ANOVA) and frequency was 
analyzed by χ2 test. When significant difference appeared 
among the groups, turkey’s multi-range test was conduct-
ed as post-hoc test. Odds ratios (ORs) were calculated us-
ing multinomial logistic regression to estimate the associa-
tion be-tween disease and various factors. Adjusted ORs 

were derived after adjusting the covariates. The propor-
tional changes and 95% confidence intervals (CIs) were 
calculated using the exponentiation of the coefficients, 
which means that the proportional changes in the arith-
metic mean were associated with each level of covariate 
relative to a reference level. All P-values of less than 0.05 
were considered to indicate statistical significance.

RESULTS

1. Demographic factors of the subjects
Among the subjects, 60.7% were classified under the 

non-sarcopenia group. Sarcopenia group was 16.1% and 
sarcopenic obesity group was 23.3%. Among the 3 groups, 
the sarcopenic obesity group had a slightly higher number 
of females and higher BMI. Appendicular skeletal muscle 

Table 1. General characteristics in the subjects

Variables Total Non-sarcopenia Sarcopenia Sarcopenic obesity P-value

n (%) 3,492 (100.0) 2,119 (60.7) 561 (16.1) 812 (23.3)

Age 68.8±8.2 68.4±9.1 67.1±5.3 69.7±8.0 0.514

Gender 0.037
   Male 1,850 (53.0) 1,227 (57.9) 307 (54.7) 316 (38.9)

   Female 1,642 (47.0) 892 (42.1) 254 (45.3) 496 (61.1)

Body mass index

   Male 23.2±3.1 22.0±2.8 23.4±3.5 25.1±1.7 0.305

   Female 24.0±5.7 22.8±1.7 21.0±2.6 26.7±3.9 0.016b)

ASM (kg)

   Male 18.1±0.2 19.4±0.1 16.8±0.2 20.6±0.3 0.005b)

   Female 14.0±0.4 13.9±0.2 12.1±0.1 15.4±0.2 0.000b)

ASM/Wt (%)

   Male 31.0±0.1 33.0±0.2 29.4±0.1 32.0±0.2 <0.001a,b)

   Female 25.8±0.2 24.1±0.1 23.1±0.2 26.8±0.1 <0.001b)

Household income 0.693

   Low 1,282 (36.7) 776 (36.6) 208 (37.1) 295 (36.3)

   Middle-low 1,069 (30.6) 629 (29.7) 171 (30.5) 253 (31.2)

   Middle-high 747 (21.4) 441 (20.8) 116 (20.7) 174 (21.4)

   High 394 (11.3) 273 (12.9) 66 (11.8) 90 (11.1)

Education level 0.751

   ≤Elementary school 2,151 (61.6) 1,314 (62.0) 345 (61.5) 504 (62.1)

   Middle school 670 (19.2) 411 (19.4) 109 (19.4) 161 (19.8)

   High school 468 (13.4) 273 (12.9) 79 (14.1) 102 (12.6)

   ≥University 203 (5.8) 121 (5.7) 28 (5.0) 45 (5.5)

The data is presented as mean±standard deviation or number (%). P-value by analysis of variance test (continuous variables) or χ2 test (categorical 
variables).
a)There exists the significant difference between non-sarcopenia and sarcopenia groups. b)There exists the significant difference between sarcopenia 
and sarcopenic obesity groups.
ASM, appendicular skeletal muscle; Wt, weight.
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(ASM) and ASM/weight (%) were significantly higher in the 
sarcopenic obesity group than in the sarcopenia group. 
There were no significant differences in household income 
and educational level among the 3 groups (Table 1).

2. Health behavior and nutrient intake of the 
subjects

Among the 3 groups, moderate exercise and nutrition 
levels showed the most significant differences. Overall, the 

Table 2. Health behavior and nutrient intake in the subjects

Variables Total Non-sarcopenia Sarcopenia Sarcopenic obesity P-value

Vigorous physical activity 3,492 (100.0) 2,119 (60.7) 561 (16.1) 812 (23.3) 0.718

   Yes 399 (11.4) 250 (11.8) 61 (10.9) 88 (10.8)

   No 3,093 (88.6) 1,869 (88.2) 500 (89.1) 724 (89.2)

Moderate physical activity 0.007
   Yes 492 (14.1) 345 (16.3) 63 (11.2) 84 (10.3)

   No 3,000 (85.9) 1,774 (83.7) 498 (88.8) 728 (89.7)

Smoking 0.851

   Yes 1,285 (36.8) 784 (37.0) 207 (36.9) 285 (35.1)

   No 2,207 (63.2) 1,335 (63.0) 354 (63.1) 527 (64.9)

Drinking 0.760

   Yes 1,693 (48.5) 1,051 (49.6) 269 (48.0) 384 (47.3)

   No 1,799 (51.5) 1,068 (50.4) 292 (52.0) 428 (52.7)

Nutrient intake

   Energy (kcal) 1,678.5±102.3 1,772.1±88.5 1,627.3±91.6 1,816.9±99.4 0.005b)

   Carbohydrate (g) 248.2±22.4 250.0±35.2 241.3±20.2 251.1±13.8 0.118

   Protein (g) 70.4±11.0 70.8±4.3 68.5±5.5 72.1±6.8 0.046b)

   Fat (g) 46.8±8.2 45.7±3.6 44.8±2.1 51.0±4.4 0.001a,b)

The data is presented as mean±standard deviation or number (%). P-value by analysis of variance test (continuous variables) or χ2 test (categorical 
variables).
a)There exists the significant difference between non-sarcopenia and sarcopenic obesity groups. b)There exists the significant difference between sarco-
penia and sarcopenic obesity groups.

Table 3. Disease status in the subjects

Variables Total  
(n=3,492)

Non-sarcopenia 
(n=2,119)

Sarcopenia  
(n=561)

Sarcopenic obesity 
(n=812) P-value

Hypertension 0.545

   Male 533 (28.8) 356 (29.0) 86 (28.0) 91 (28.8)

   Female 355 (21.6) 193 (21.6) 54 (21.3) 108 (21.8)

Diabetes 0.023
   Male 192 (10.4) 125 (10.2) 31 (10.1) 36 (11.4)

   Female 148 (9.0) 78 (8.7) 19 (7.5) 51 (10.3)

Dyslipidemia 0.004
   Male 250 (13.5) 167 (13.6) 40 (13.0) 43 (13.6)

   Female 215 (13.1) 110 (12.3) 29 (11.4) 76 (15.3)

Osteoporosis 0.218

   Male 203 (11.0) 134 (10.9) 37 (12.1) 32 (10.1)

   Female 611 (37.2) 323 (36.2) 98 (38.6) 190 (38.3)

Total disease number 0.431

   2 691 (19.8) 411 (19.4) 112 (20.0) 168 (20.7)

   3 317 (9.1) 193 (9.1) 49 (8.7) 75 (9.2)

   4 196 (5.6) 119 (5.6) 30 (5.3) 47 (5.8)

The data is presented as number (%). P-value by χ2 test (categorical variables).
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exercise rate among the subjects was low, smoking rate 
was 36.8%, and the alcohol consumption rate was 48.5%. 
The rate of moderate physical activity was significantly 
lower in patients belonging to the sarcopenia group and 
sarcopenic obesity group than in those belonging to the 
non-sarcopenia group. In the sarcopenic obesity group, 
energy, protein, and fat intake were significantly higher 
than those in the sarcopenia groups (Table 2).

3. Disease status of the subjects
The overall incidence rate for hypertension was 25.2%; 

diabetes, 9.7%; dyslipidemia, 13.3%; and osteoporosis, 24.1%. 
Except for osteoporosis, the incidence rate for all other dis-
eases was higher among men. Incidence of diabetes and 
dyslipidemia were significantly higher in the sarcopenic 
obesity group. There was no significant difference with re-
gard to the number of 4 diseases (hypertension, diabetes, 
dyslipidemia, and osteoporosis) among the 3 groups. In 
the total subjects, 19.8% of the subjects had 2 disease, 
9.1% had 3 disease, and 5.6% had 4 disease, respectively 
(Table 3).

4. Risk of chronic disease according to 
sarcopenia

In the previous results, diabetes and dyslipidemia were 
significantly different between the 3 groups, and the ORs 
of diabetes and dyslipidemia in sarcopenia and sarcopenic 
obesity groups was analyzed. Compared with the non-sar-
copenia group, in the sarcopenia and sarcopenic obesity 
groups, the ORs of diabetes was increased by 1.24 (95% CI, 
0.86-2.15) and 2.16 (95% CI, 1.08-3.27) while the ORs of 
dyslipidemia was increased by 1.12 (95% CI, 0.71-1.82) and 

Table 4. Multivariate regression analysis of disease odds ratios in 
the subjects

Non-sar-
copenia Sarcopenia Sarcopenic  

obesity P-value

Diabetes

   Model 1a) 1 1.88 (1.14-3.02) 2.59 (1.45-4.10) <0.001
   Model 2b) 1 1.24 (0.86-2.15) 2.16 (1.08-3.27) 0.004
Dyslipidemia

   Model 1a) 1 1.39 (0.97-2.01) 2.27 (1.26-3.99) <0.001
   Model 2b) 1 1.12 (0.71-1.82) 1.50 (0.94-2.60) 0.009

The data is presented as odds ratio (95% confidence interval) or %.
a)Model 1: unadjusted. b)Model 2: adjusted for age, gender, appendicular 
skeletal muscle, moderate physical activity, smoking, drinking, and nu-
trient intake. 

1.50 (95% CI, 0.94-2.60), respectively (Table 4).

DISCUSSION

In this study, we compared the lifestyle and chronic dis-
ease status by analyzing the sarcopenia in Korean elderly. 
It is known that the reduction in sex hormone levels, caused 
by aging, is an important cause of sarcopenia and sarcope-
nic obesity.[2] Moreover, an increase in the levels of inflam-
matory cytokines accelerates muscle catabolism and ag-
gravates sarcopenia.[10] The prevalence of sarcopenia was 
reported to be 14.1% in the Chinese population and 30.3% 
in a local study conducted in Korea.[11] In our study, the 
prevalence of sarcopenia was 16.0% and that of sarcopenic 
obesity was 23.3%. Moreover, the results of our study sug-
gest that the incidence rate of sarcopenia is higher in males 
and that of sarcopenic obesity is higher in females because 
postmenopausal muscle strength decreases and body fat 
increases more rapidly. According to previous studies,[12] 
the risk of sarcopenia is higher among individuals who live 
alone in the city than among those who live alone in the 
rural area; it is also increased in individuals with lower edu-
cation and economic levels. The prevalence of the sarcope-
nia differs for different populations. There is currently no 
standardized diagnostic criteria for sarcopenia, so there is 
a limit to compare accurately. Therefore, a systematic study 
is needed.

Physical activity and nutritional intake reportedly affect-
ed sarcopenia. Exercise is the key to preventing sarcopenia.
[5] Less physical activity reduces limb muscle mass. Reduc-
tion in the number and size of muscle fibers is caused by a 
decrease in muscle cell death and physical stimulation when 
there is little physical activity. Low muscle mass and low 
physical activity levels constitute a vicious cycle and cause 
a decrease in total energy expenditure, leading to muscle-
reducing obesity.[13] In the present study, the rate of exer-
cise was significantly lower in the sarcopenia and sarcope-
nic obesity groups than in the non-sarcopenia group. Good 
nutritional status is associated with sarcopenia prevention.
[14] Energy and protein intake at lower than the recom-
mended levels is associated with a higher risk of sarcope-
nia.[15] In this study, nutritional management was found 
to be the most essential in sarcopenic obesity group hav-
ing significant differences in energy, protein, and fat intake, 
excluded carbohydrate intake.
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It is reported that muscle weakness is related to several 
diseases,[16] but reduction in muscle strength is greater in 
individuals with chronic diseases such as diabetes and car-
diovascular disease. Blood pressure, triglycerides, and fast-
ing blood glucose are all associated with sarcopenia in in-
dividuals aged >60 years old.[17] Insufficient muscle mass 
causes greater insulin resistance.[18] Sarcopenia may in-
crease the risk of disease occurrence, and conversely, sar-
copenia may worsen owing to an underlying disease. The 
prevalence of diabetes mellitus and dyslipidemia was sig-
nificantly higher in the sarcopenia and sarcopenic obesity 
groups compared with the non-sarcopenia group.

This study is limited in that cross-sectional studies could 
not reveal the causal relationship between sarcopenia, sar-
copenic obesity and the risk of developing chronic diseas-
es. Further research is warranted to clarify the mechanism. 
However, it is meaningful that we investigated at the life-
style and diseases state in elderly with sarcopenia using 
the Korean big data. And it can be deduced that increasing 
the muscle mass is essential to prevent and manage chron-
ic diseases.

CONCLUSIONS

The results of the present study indicate that elderly peo-
ple have a high incidence of sarcopenia, and the prevalence 
of obesity is especially high in women. Additionally, in the 
sarcopenic obesity group, physical activity was low, nutri-
ent intake was excessive, and the risk of diabetes or dyslip-
idemia was high. Therefore, a personalized exercise strate-
gy tailored according to age and sex is necessary to man-
age the health of the elderly. Balanced nutrition should be 
taken into consideration, and individuals with sarcopenic 
obesity should be more cautious regarding disease pre-
vention and management.
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