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Background: The definition of sarcopenia focuses on muscle mass and function. Sarcopenic obesity is the relative 
excess of fat tissue with decreased muscle mass. We examined the association between cigarette smoking and sar-
copenia according to obesity in middle-aged and elderly Koreans.
Methods: We conducted a cross-sectional study of 9,385 subjects (age ≥50 years) based on data from the fourth and 
fifth Korea National Health and Nutrition Examination Surveys (2008–2011). Smoking groups were categorized by 
smoking status and the number of cigarettes smoked daily. Sarcopenia was defined as weight-adjusted appendicu-
lar skeletal muscle mass of 2 standard deviations below the sex-specific mean for young adults. Obesity was defined 
as fat mass ≥30% for men and ≥40% for women. Subjects were categorized into three groups: sarcopenic obese 
(SO), sarcopenic non-obese (SNO), and normal. Multiple logistic regression analysis was performed to assess the 
association between smoking and SNO and SO.
Results: Among men, current smokers were more associated with SNO than never-smokers (adjusted odds ratio 
[OR], 3.34; 95% confidence interval [CI], 1.09–10.26). However, there was no significant association between smok-
ing status and SNO in women or SO in either sex. Among current smokers, moderate smokers (11–20 cigarettes/d) 
were more likely to be SNO (adjusted OR, 5.81; 95% CI, 1.12–30.31) and heavy smokers (>20 cigarettes/d) were 
more likely to be SO (adjusted OR, 9.53; 95% CI, 1.65–55.01) than light smokers (<11 cigarettes/d).
Conclusion: In men, smoking was positively associated with SNO, and heavy smokers were more likely to be SO 
than light smokers.
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INTRODUCTION

With the rapid growth of an aging population, increased attention is 

being paid to age-related public health issues. Aging involves major 

changes in body composition, such as an increase in visceral fat and 

progressive loss of skeletal muscle mass. Rosenberg1) first proposed 

the term ‘sarcopenia’ to refer to the decline in muscle mass and func-

tion associated with aging. Sarcopenia increases the risk of falls and 

fractures, loss of independence, mobility disorders, and mortality.2) 

Furthermore, previous studies have suggested that sarcopenia induces 

insulin resistance, resulting in chronic morbidity, such as diabetes and 

metabolic syndrome.3) Therefore, sarcopenia is an emerging critical 

health issue in the aging population. Recently, the new concept of sar-

copenic obesity, defined as the combination of sarcopenia and obesi-

ty, was identified. As with sarcopenia, obesity can increase the risk of 

developing insulin resistance.4) functional impairment and physical 

disability in older persons.5,6) Adipocytes induce muscle catabolism by 

releasing leptin and proinflammatory cytokines. These factors activate 

a vicious cycle, with worsening sarcopenia and continuous fat accu-

mulation, resulting in physical disability.7-10) Previous studies reported 

that subjects with sarcopenic obesity had a higher risk of insulin resis-

tance and metabolic syndrome than those with obesity or sarcopenia 

alone.11) A number of studies involving elderly Koreans have reported 

that the subjects with sarcopenic obesity had increased cardiovascular 

risk profiles, including hyperglycemia, hypertension, dyslipidemia, 

and insulin resistance.11) Therefore, it is important to consider the 

combination of obesity and sarcopenia in the aging population. In 

view of recent trends in population aging, it is crucial, from a public 

health perspective, to develop strategies to prevent sarcopenic obesity. 

The progression of sarcopenia is a result of age-related systemic 

changes in the body, including hormonal changes, increased inflam-

matory activities, and oxidative stress.12,13) As lifestyle factors are more 

reversible than age-related systemic changes, it is important to raise 

public awareness of their impact on the development of sarcopenia.

 Studies have examined the association between cigarette smoking, 

which is a lifestyle factor, and sarcopenia. The Rancho Bernardo co-

hort study, which included 1,700 men and women between 55 and 98 

years of age, identified current smoking as a reversible risk factor for 

sarcopenia.14) However, based on the results of an earlier meta-analy-

sis,15) cigarette smoking has a relatively limited impact on the develop-

ment of sarcopenia. Overall, the association between smoking and 

sarcopenia remains controversial. Likewise, the association between 

cigarette smoking and obesity is complex and not completely under-

stood. Although a previous cross-sectional study found that heavy 

smoking is associated with higher body weight and unfavorable meta-

bolic changes,16) the results of earlier published studies are in conflict. 

There are no reports on the association between smoking and sarco-

penic obesity. We divided subjects with sarcopenia into obese and 

non-obese groups to evaluate the association with cigarette smoking. 

A cross-sectional study was conducted using data from the Korea Na-

tional Health and Nutrition Examination Surveys (KNHANES). We in-

vestigated the association between cigarette smoking and sarcopenic 

obesity in sarcopenic non-obese (SNO) and sarcopenic obese (SO) 

subjects.

METHODS

1. Study Subjects
This study was a cross-sectional survey using data from the fourth and 

fifth (2008–2011) KNHANES. The KNHANES analysis is a representa-

tive epidemiological survey of the non-institutionalized civilian popu-

lation in Korea conducted by the Korean Ministry of Health and Wel-

fare and the Korea Centers for Disease Control and Prevention. The 

KNHANES is conducted periodically to evaluate the health and nutri-

tional status of the Korean population and consists of three main sur-

veys conducted by trained interviewers: a health interview, a health 

examination, and a nutritional survey. The data collected in the health 

interview included sociodemographic characteristics, age, sex, physi-

cal activity measurements, smoking habits, alcohol consumption, and 

medical history. The health examination included anthropometric 

measurements (including height and weight). Daily energy and nutri-

ent intake were assessed in the nutritional survey using the 24-hour 

recall method. We assessed the following variables: educational level 

(elementary school or less, middle school or more); body mass index 

(BMI) calculated as weight (kg)/height (m)2; chronic diseases diag-

nosed by a physician (hypertension, hyperlipidemia, stroke, myocar-

dial infarction, angina pectoris, arthritis, pulmonary tuberculosis, 

asthma, chronic obstructive pulmonary diseases, diabetes mellitus, 

cancer, depressive disorder, thyroid disease, liver cirrhosis, and renal 

failure); alcohol consumption (≤1 drink/d, >1 drink/d); physical activi-

ty (≥150 min/wk of moderate-intensity and/or ≥75 min/wk of vigor-

ous-intensity aerobic physical activity (≥150 min/wk of moderate-in-

tensity and/or ≥75 min/wk of vigorous-intensity aerobic physical ac-

tivity, <150 min/wk of moderate-intensity or <75 min/wk of vigorous-

intensity aerobic physical activity).17) The following dietary intake 

components were assessed: total energy (kcal/d), protein (g/d), fat (g/

d), and carbohydrate (g/d) intake. Of the subjects who participated in 

all three surveys, 9,385 participants (4,019 men and 5,366 women) 

aged 50 years or older were included after excluding 9,473 subjects 

(4,053 men and 5,420 women) owing to incomplete or missing data. 

The KNHANES was reviewed and approved by the Institutional Re-

view Board of the Korea Center for Disease Control and Prevention 

(2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 

2011-02CON-06-C).

2. Smoking Behavior
The information regarding smoking behavior was collected using a 

standardized self-report health examination questionnaire. The data 

indicated smoking status as current, former, or never-smokers and in-

cluded the number of cigarettes smoked by current smokers, ex-

pressed as number of cigarettes per day. Current smokers were divided 

into heavy smokers (>20 cigarettes/d), moderate smokers (11–20 ciga-
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rettes/d), and light smokers (<11 cigarettes/d).

3. Definition of Sarcopenic Obesity
Dual-energy X-ray absorptiometry (Discovery-W; Hologic Inc., 

Waltham, MA, USA) was used to measure body composition. Appen-

dicular skeletal muscle mass (ASM) was calculated as the sum of skel-

etal muscle mass for the arms and legs, based on the assumption that 

all fat-free and bone-free tissue is skeletal muscle, as described by 

Heymsfield et al.18) Sarcopenia has been described in the literature ac-

cording to the following parameters: (1) ASM divided by height 

squared (kg/m2), as proposed by Baumgartner et al.,19) and (2) ASM di-

vided by body weight (%), as proposed by Janssen et al.20) Sarcopenia 

has been defined as muscle mass levels over 2 standard deviations be-

low the sex-specific mean for a young reference group (healthy men 

and women aged 20–39 years).19) The reference group was selected 

among participants aged 20–39 years, excluding those who had a his-

tory of diabetes, stroke, coronary artery disease, thyroid disease, arthri-

tis, tuberculosis, asthma, renal disease, liver cirrhosis, or cancer (any 

type). In this study, we used the body weight-adjusted ASM method 

proposed by Janssen et al.20) to define sarcopenia. We defined obesity 

as fat mass >30% in male subjects and >40% in female subjects, ac-

cording to Dufour et al.21) All subjects were categorized into one of 

three groups according to these definitions: SO, SNO, or normal group.

4. Statistical Analysis
Data acquired from the fourth and fifth (2008–2011) KNHANES were 

merged into a single data set and analyzed. The results were weighted 

to represent the Korean population, using weights calculated to ac-

count for the complex samples design, non-response rate, and post-

stratification. The general characteristics of the never-smokers, former 

smokers, and current smokers were compared using one-way analysis 

of variance for continuous variables or the c2 test for categorical vari-

ables. All categorical data are presented as percentage (standard error) 

and continuous data are presented as mean±standard error. Multiple 

logistic regression analysis adjusted for potential confounders, includ-

ing age, sex, educational level, recommended level of exercise, BMI, 

alcohol consumption, chronic diseases, daily total energy intake, hor-

mone use (only in women), and oral contraceptive use (only in wom-

en), was performed to assess data. In view of the multicollinearity 

among total energy intake (kcal/d), protein intake (g/d), fat intake (g/

d), and carbohydrate intake (g/d), in the multiple regression analysis, 

we considered only the daily total energy intake among all the compo-

nents of dietary intake. We calculated the odds ratio (OR) and 95% 

confidence interval (CI) of SO and SNO groups, respectively, accord-

ing to smoking status and amount. All statistical analyses were con-

ducted using IBM SPSS Statistics ver. 23.0 (IBM Corp., Armonk, NY, 

USA) and P-values <0.05 were considered statistically significant.

RESULTS

1. General Characteristics
The prevalence of SO individuals among male and female participants 

was 3.88% and 5.96%, respectively, and the prevalence of SNO individ-

uals was 2.02% and 1.21%, respectively. General characteristics of the 

9,385 subjects according to smoking status are shown in Table 1. The 

frequencies of never-smokers, former smokers, and current smokers 

were 16.6%, 50.1%, and 33.3% in men, and 91.6%, 4.0%, and 4.4% in 

women. The mean ASM of never-smokers, former smokers, and cur-

Table 1. General characteristics of subjects according to smoking status

Characteristic
Men (n=4,019) Women (n=5,366)

Never Former Current P-value* Never Former Current P-value*

Frequency (%) 667 (16.6) 2,014 (50.1) 1,338 (33.3) 4,913 (91.6) 217 (4.0) 236 (4.4)
Appendicular skeletal muscle mass (g) 21,401±201.5 20,976±110.2 20,823±133.7 0.0308 13,988±50.6 13,519±196.7 13,564±153.6 0.0013
Age (y) 61.0±0.5 62.8±0.3 59.2±0.3 <0.0001 62.7±0.2 68.8±1.2 64.2±1.3 <0.0001
Body mass index (kg/m2) 24.4±0.2 23.9±0.1 23.5±0.1 <0.0001 24.3±0.1 23.8±0.3 22.8±0.3 <0.0001
Education (>elementary school) 72.6 (2.7) 66.7 (1.8) 66.3 (2.1) 0.1505 39.2 (1.4) 22.6 (4.6) 37.6 (5.2) 0.0128
No. of chronic diseases (≥3) 10.1 (1.8) 9.9 (0.9) 7.9 (1.2) 0.3784 18.1 (0.8) 25.1 (4.2) 11.6 (3.1) 0.0344
Alcohol consumption (>1 drink/d) 22.8 (2.7) 29.4 (1.7) 40.4 (2.2) <0.0001 1.7 (0.3) 5.0 (2.9) 7.8 (2.2) <0.0001
Recommended level of exercise† 41.7 (2.9) 40.7 (1.7) 41.4 (2.1) 0.9383 33.8 (1.3) 20.0 (3.8) 28.0 (4.6) 0.009
Dietary intake‡

   Total energy (kcal/d) 2,039.3±42.0 2,161.3±28.4 2,245.3±41.8 0.0289 1,562.5±15.5 1,452.3±57.3 1,468.4±50.0 <0.0001
   Protein (g/d) 73.9±1.9 76.3±1.3 77.2±1.9 0.9219 52.5±0.7 46.4±2.3 47.1±2.2 <0.0001
   Fat (g/d) 33.9±1.4 36.2±1.0 37.6±1.5 0.4925 23.0±0.4 21.9±2.0 22.5±1.5 0.0549
   Carbohydrate (g/d) 348.7±7.5 359.8±4.7 350.2±6.1 0.2503 290.2±3.0 263.4±10.7 268.4±10.6 <0.0001
Hormone use (yes) NA NA NA NA 5.0 (0.6) 2.6 (1.4) 2.0 (1.0) 0.1013
Oral contraceptive use (yes) NA NA NA NA 8.0 (0.9) 4.7 (2.0) 7.2 (2.9) 0.5314

Values are presented as mean±standard error or percentage (standard error), unless otherwise stated.
NA, not applicable.
*Rao-Scott c2 test for categorical variables and weighted one-way analysis of variance for continuous variables. †≥150 min/wk of moderate-intensity and/or ≥75 min/wk of 
vigorous-intensity aerobic physical activity. ‡Daily energy and nutrient intakes were assessed using the 24-h recall method of the nutrition portion of the Korea National Health 
and Nutrition Examination Survey IV.
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rent smokers was, respectively, 21,401, 20,976, and 20,823 g among 

men, and 13,988, 13,519, and 13,564 g among women. The mean age 

of never-smokers, former smokers, and current smokers was, respec-

tively, 61.0, 62.8, and 59.2 years among men, and 62.7, 68.8, and 64.2 

years among women. The participants were classified into groups 

based on sarcopenia and obese status as follows: normal (3,533 men 

and 4,450 women), SO (156 men and 320 women), and SNO (81 men 

and 65 women). Statistically significant differences were observed be-

tween smoking status and ASM, age, BMI, alcohol consumption, and 

daily total energy intake in men and between smoking status and 

ASM, age, BMI, education, number of chronic disease, alcohol con-

sumption, recommended level of exercise, daily total energy intake, 

daily protein intake, and daily carbohydrate intake in women.

2. Smoking Status
The risk of being SNO and SO according to smoking status, compared 

with never-smokers in men and women, is presented in Tables 2 and 3, 

respectively. In men, multiple logistic regression analysis revealed that 

current smokers were significantly more likely to be SNO than never-

smokers (OR, 3.34; 95% CI, 1.09–10.26) after adjusting for age, BMI, 

education, number of chronic diseases, alcohol consumption, recom-

mended level of exercise, and daily total energy intake. However, no 

significant association was found between smoking status and SNO in 

women or SO in either sex.

3. Smoking Amount
The risk of being SNO and SO according to daily smoking amount in 

current smokers (men), with 1–10 cigarettes/d as the reference, is pre-

sented in Table 4. After adjusting for confounding factors (age, BMI, 

education, number of chronic diseases, alcohol consumption, recom-

mended level of exercise, and daily total energy intake), moderate 

smokers (11–20 cigarettes/d) were statistically significantly more likely 

to be SNO (OR, 5.81; 95% CI, 1.12–30.31) than light smokers (<11 ciga-

rettes/d). In addition, heavy smokers (>20 cigarettes/d) were more 

likely to be SO than light smokers in both the crude (OR, 3.42; 95% CI, 

1.04–11.27) and adjusted model (OR, 9.53; 95% CI, 1.65–55.01). These 

Table 2. Risk of being SNO and SO according to smoking status in men*

Smoking status

SNO (n=81) vs. normal (n=3,533) SO (n=156) vs. normal (n=3,533)

Crude Adjusted† Crude Adjusted†

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Never Reference Reference Reference Reference
Former 1.50 (1.62–3.65) 0.371 1.74 (0.66–4.57) 0.8891 1.31 (0.66–2.58) 0.441 1.59 (0.80–3.17) 0.1893
Current 1.91 (0.68–5.38) 0.219 3.34 (1.09–10.26) 0.0353 0.59 (0.30–1.18) 0.1382 0.90 (0.40–2.05) 0.8027

SNO, sarcopenic non-obese; SO, sarcopenic obese; OR, odds ratio; CI, confidence interval.
*Data were analyzed using logistic regression analysis. †Adjusted for age, body mass index, education, number of chronic diseases, alcohol consumption, recommended level 
of exercise, and daily total energy.

Table 3. Risk of being SNO and SO according to smoking status in women*

Smoking status

SNO (n=65) vs. normal (n=4,450) SO (n=320) vs. normal (n=4,450)

Crude Adjusted† Crude Adjusted†

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Never Reference Reference Reference Reference
Former 3.38 (0.81–14.11) 0.0954 3.06 (0.71–13.14) 0.1326 0.72 (0.31–1.64) 0.4287 0.44 (0.18–1.10) 0.0788
Current 0.80 (0.21–2.97) 0.7338 0.49 (0.09–2.65) 0.4087 0.76 (0.37–1.60) 0.4736 0.68 (0.31–1.50) 0.3431

SNO, sarcopenic non-obese; SO, sarcopenic obese; OR, odds ratio; CI, confidence interval.
*Data were analyzed using logistic regression analysis. †Adjusted for age, body mass index, education, number of chronic diseases, alcohol consumption, recommended level 
of exercise, daily total energy, hormone use, and oral contraceptive use.

Table 4. Risk of being SNO and SO according to daily smoking amount in current smokers (men)*

Smoking amount

SNO (n=22) vs. normal (n=1,222) SO (n=31) vs. normal (n=1,222)

Crude Adjusted† Crude Adjusted†

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

1–10 Reference Reference Reference Reference
11–20 2.35 (0.58–9.54) 0.2311 5.81 (1.12–30.31) 0.0367 0.58 (0.21–1.57) 0.2831 0.95 (0.40–2.27) 0.9078
>20 1.63 (0.17–15.54) 0.6728 7.51 (0.52–107.9) 0.1381 3.42 (1.04–11.27) 0.0434 9.53 (1.65–55.01) 0.0118

SNO, sarcopenic non-obese; SO, sarcopenic obese; OR, odds ratio; CI, confidence interval.
*Data were analyzed using logistic regression analysis. †Adjusted by age, body mass index, education, number of chronic diseases, alcohol consumption, recommended level 
of exercise, and daily total energy.
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results were statistically significant. It was not possible to perform mul-

tiple logistic regression analysis among women owing to the limited 

number of female current smokers and because, among these, there 

were few SNO or SO women.

DISCUSSION

Based on the KNHANES data, we aimed to examine the association 

between cigarette smoking and sarcopenia in non-obese and obese 

middle-aged and elderly Koreans. Among male subjects, a positive 

correlation between current smoking and sarcopenia in obese sub-

jects was identified after adjusting for the confounders. These results 

suggest that smoking significantly increases the risk of sarcopenia in 

non-obese men. However, no significant association between smok-

ing status and sarcopenia was found in non-obese women. It can be 

assumed that smoking has a lesser impact on muscle mass in women 

than in men. It is also possible that confounding variables were not 

adequately adjusted for in the female subjects. The mechanisms lead-

ing to sex-related differences in muscle mass reduction with aging are 

not known, although hormonal factors have been thought to play a 

role until recently. Previous studies examined the influence of sex on 

skeletal muscle mass and strength. Gallagher et al.22) measured ASM 

using dual-energy X-ray absorptiometry in 148 women and 136 men 

aged 20–90 years, and after adjusting for height, body weight, and age, 

found that men presented larger age-related decreases in ASM than 

women (14.8% versus 10.8%). In addition, several sex-related differ-

ences in muscle quality with aging have been suggested in a number 

of cross-sectional studies. In a recent study, Frontera et al.23) examined 

whole muscle strength and muscle cross-sectional area of the knee ex-

tensors, which were significantly higher in older men than in older 

women. Moreover, type I and IIA fibers from older men were stronger 

than those from older women, even after adjusting for size. In our 

study, sarcopenia was measured only using skeletal muscle mass, and 

muscle function was not assessed. In view of the greater reduction in 

skeletal muscle mass in men and the reduction in muscle function in 

women with aging, sex differences in our study may have occurred. 

Additionally, the present study shows that the accuracy of female 

smoking rates as reported by self-report was very low.24) This discrep-

ancy can be attributed to social desirability bias and the social con-

demnation of female smoking. Therefore, the relationship between 

smoking and sarcopenia in women may not be clearly explained ow-

ing to the presence of hidden female smokers.

 Cigarette smoking is a well-established independent risk factor for 

cardiovascular disease25) and is also associated with an increased risk 

of insulin resistance and the metabolic syndrome,26) which are known 

to be associated with increased abdominal fat deposition.12,19) Several 

studies have identified cigarette smoking as a risk factor for sarcope-

nia.14,27) However, in our study, no significant association with sarcope-

nic obesity according to smoking status was found in either sex. It can 

be postulated that various internal and external factors, as well as 

smoking, have an impact on the development of obesity.

 In current smokers, we can estimate a causal association between 

smoking amount and sarcopenia. In men, the ORs for being SNO 

tended to increase with the number of daily cigarettes smoked, albeit 

this was statistically insignificant in heavy smokers. Moreover, moder-

ate smokers were more likely to be SNO and heavy smokers were more 

likely to be SO than light smokers. Therefore, we can estimate a posi-

tive association between smoking amount and being SNO and SO, re-

spectively, which may suggest a causal association in male current 

smokers.

 This study has several limitations. First, muscle function could not 

be assessed. The definition of sarcopenia suggested by European 

Working Group on Sarcopenia in Older People considers both muscle 

mass and function.2) However, we did not use this definition because 

data regarding muscle function were not available. Further evaluation 

of muscle function will be required in future studies. Second, the infor-

mation on smoking status and smoking amount was obtained from 

participant recall, and recall bias is a possibility. Third, owing to the 

cross-sectional study design, no cause-effect association could be 

identified. Fourth, selection bias may exist as participant data may 

have differed from the data of subjects excluded for missing or incom-

plete data. Fifth, despite attempts to adjust for confounding factors, the 

impact of other potential confounders such as stress, sleep, mood, and 

passive smoking cannot be completely excluded.28,29)

 The primary strengths of our study include the use of the large 

KNHANES dataset, which is representative of the entire Korean popu-

lation. The KNHANES collected extensive data regarding potential 

confounders and involved a large sample size, allowing increased ac-

curacy. Furthermore, the KNHANES included community-dwelling 

individuals, and cachexia was excluded as a potential factor for muscle 

loss by excluding patients with critical comorbidities or those who 

were bedridden most of the day. Furthermore, direct standardization 

was performed to calculate the prevalence of SO and SNO individuals 

in the elderly population. Owing to the large proportion of young per-

sons, subjects with a history of disease potentially affecting muscle 

mass could be excluded for calculating cutoff values.

 In conclusion, this study found that current smokers are more likely 

to be SNO than never-smokers in men. Additionally, moderate smok-

ers are more likely to be SNO and heavy smokers are more likely to be 

SO than light smokers. A cause-and-effect relationship between smok-

ing and sarcopenia could not be definitively identified owing to the 

cross-sectional design of the study. However, compared with the re-

sults of earlier studies in which a negative correlation between smok-

ing and sarcopenia was identified, and still remain questionable, this 

study can support that a positive correlation between cigarette smok-

ing and sarcopenia. Understanding the risk factors, including cigarette 

smoking, and developing strategies for prevention of sarcopenia in 

non-obese and obese individuals is crucial. Further research on the 

association between smoking and sarcopenic obesity is required.
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