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Sarcopenia, a syndrome characterized by the 
progressive loss of skeletal muscle mass and strength 
with advancing age, is associated with functional limi-
tations, morbidity, and mortality [1-4].  Sarcopenia is 
often concurrent with obesity, particularly the accumu-
lation of visceral fat; this is related to chronic inflam-
mation, increased insulin resistance, and a vicious 
cycle of further reductions in the skeletal muscle mass, 
which may synergistically promote functional and 
metabolic impairments [5-7].  According to previous 
reports, the prevalence of sarcopenia and sarcopenic 
obesity were relatively high and increased with age, 
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abstract.  Although elevated serum gamma-glutamyl transferase activity (GGT) has been linked with metabolic risk 
factors for sarcopenia, including non-alcoholic fatty liver disease, adiposity, and insulin resistance, whether GGT 
independently associated with sarcopenia and sarcopenic obesity has not yet been investigated.  We analyzed cross-
sectional data of 3,193 community-dwelling adults (42.2% men, age 63.4 ± 8.7) aged ≥50 years from the Fifth Korean 
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cm for men and ≥85 cm for women.  The prevalence of sarcopenia and sarcopenic obesity increased stepwise from the 
lowest to highest GGT quintiles (sarcopenia, 20.2–39.7%; sarcopenic obesity, 7.5–27.3%; P for trend, <0.001).  Serum 
GGT activity was associated negatively with ASM and positively with waist circumference.  In multivariate logistic 
regression analyses, participants in the highest GGT quintile had a 2.3-fold increased risk of sarcopenia and 3.4-fold risk 
of sarcopenic obesity versus those in the lowest quintile, whereas each single-unit increase in natural log-GGT associated 
independently with a 35% increased risk of sarcopenia and 62% increased risk of sarcopenic obesity after adjusting for age, 
sex, body mass index, and other confounders.  Elevated serum GGT activity was independently associated with sarcopenia 
and sarcopenic obesity in community-dwelling older adults.  
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although the prevalence varied depending on defini-
tions and reference populations [8, 9].  Given the trend 
toward a rapidly aging global population, the develop-
ment of effective diagnostic strategies and interven-
tions for sarcopenia and sarcopenic obesity, including 
identification of biomarkers, would have health-related 
and socioeconomic impacts on older adults [10-12]. 

Serum gamma-glutamyl transferase (GGT) activity 
has been strongly linked with the risk of non-alcoholic 
fatty liver disease (NAFLD), type 2 diabetes mellitus 
(DM), and metabolic syndrome [13-16].  These meta-
bolic risk factors are also known to be associated with 
sarcopenia, with or without visceral obesity, and are 
mediated by a shared pathophysiology such as insulin 
resistance or chronic inflammation [5-7, 17, 18].  Thus, 
increased serum GGT activity might indicate the pres-
ence of sarcopenia and sarcopenic obesity.  However, 
the direct association of GGT with sarcopenia and sar-
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value (mean ± standard deviation, %) were as follows: 
32.6 ± 2.9 in men and 25.8 ± 2.4 in women.  The ASM/
Wt cutoff value for sarcopenia was 29.7% in men and 
23.4% in women.  Obesity was defined as a waist cir-
cumference ≥90 cm for men and ≥85 cm for women 
in accordance with the recommendation of the Korean 
Society for the Study of Obesity [19].  Sarcopenic obe-
sity was defined as a combination of sarcopenia and 
obesity as defined above. 

Laboratory measurements
Blood samples were sent to a certified central lab-

oratory to determine the GGT, high-density lipopro-
tein cholesterol (HDL-C), triglyceride (TG), fasting 
blood glucose, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), and alkaline phospha-
tase (ALP) levels using a Hitachi Automatic Analyzer 
7600 (Hitachi Ltd., Tokyo, Japan).  The cutoff value for 
the normal GGT range was <73 IU/L in men (1,137, 
84.3%) and <48 IU/L in women (1,714, 92.9%) [20].  
The coefficient of variation for GGT was consistently 
<5%.  The serum insulin level was measured using an 
immunoradiometric assay (available in 2,179 partici-
pants, 68.2%).  The homeostasis model assessment of 
insulin resistance (HOMA-IR) was calculated as the 
fasting insulin level (μU/mL) × fasting plasma glucose 
level (mmol/L)/22.5 [21].  The 25-hydroxyvitamin D 
level was measured using a radioimmunoassay method 
with the 1470 WIZARD gamma-counter (PerkinElmer, 
Turku, Finland).  

Covariates
Body mass index (BMI) was calculated as the body 

weight (kg)/height squared (m2).  WC was measured at 
the mid-point between the lower rib margin and upper 
lateral border of the ilium at the end of expiration.  
Total body fat mass (kg) and percent body fat (total 
body fat mass/weight × 100, %) were measured using 
DXA as described above.  Alcohol consumption as 
assessed by the self-reported drinking behavior during 
the previous 12 months was converted into the amount 
of pure alcohol consumed per day and subsequently 
categorized into 5 groups: none, very light (0.1–5.0 
g/day), light (5.1–15.0 g/day), moderate (15.1–30.0 
g/day), and heavy (>30 g/day) [22].  Physical activi-
ties were expressed as metabolic equivalents and were 
grouped as high, moderate, and low according to the 
International Physical Activity Questionnaire [23].  
Diabetes mellitus was defined as the composite pres-

copenic obesity has not yet been investigated.  In this 
context, we aimed to study whether GGT is indepen-
dently associated with sarcopenia and sarcopenic obe-
sity in community-dwelling older adults. 

Materials and Methods

Study sample
We analyzed data acquired in the first and second 

years (2010-2011) of the Fifth Korean National Health 
and Nutritional Examination Survey (KNHANES), a 
cross-sectional national representative survey.  Study 
candidates were selected by household units using a 
stratified, multistage probability sampling method.  
Of the 10,938 candidates in 2009 and 10,589 in 2010, 
8,958 (81.9%) and 8,518 (80.4%), respectively, par-
ticipated in the study and provided informed consent.  
Among 13,165 responders aged ≥20 years, body com-
position data as assessed via whole body dual-energy 
x-ray absorptiometry scanning (DXA) were available 
for 8,204 individuals.  Among them, 4,223 participants 
were aged ≥50 years.  After excluding 493 individu-
als with fasting times <12 hours, 402 individuals with 
any missing data, and 135 individuals with hepatitis 
B surface antigen positivity or liver cirrhosis, 1,348 
men and 1,845 women were included in the final anal-
ysis.  KNHANES was approved by the Institutional 
Review Board of the Korea Centers for Disease 
Control and Prevention (IRB No. 2010-02CON-21-C, 
2011-02CON-06-C).

Definitions of sarcopenia and sarcopenic obesity
The appendicular skeletal muscle mass (ASM) was 

measured using DXA (Hologic Discovery-W fan-beam 
densitometer, Hologic, Inc., Bedford, MA, USA). 
ASM was calculated as the sum of the non-bone, non-
fat soft tissue masses of the arms and legs.  Sarcopenia 
was defined as an ASM value as a percentage of body 
weight (ASM/Wt × 100) <1 standard deviation below 
the sex-specific mean for a young reference group; this 
was modified from the definition used by Janssen et al 
[2].  Among 2,477 participants of KNHANES 2010-
2011 with DXA data who were aged 20–39 years, 323 
with any self-reported history of diabetes mellitus, cor-
onary artery disease, stroke, chronic kidney disease, 
tuberculosis, asthma, chronic obstructive pulmonary 
disease, thyroid disorder, arthritis, liver cirrhosis, and 
any type of cancer were excluded to define the healthy 
reference group.  In this reference group, ASM/Wt 
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copenia were older, more often obese, and had lower 
HDL-C, higher TG, ALT, and higher HOMA-IR lev-
els than participants without sarcopenia.  The former 
group was also more likely to have a sedentary occu-
pation and less likely to exercise regularly.  The serum 
AST and ALP levels and average amount of alcohol 
consumption did not differ significantly between par-
ticipants with or without sarcopenia.  Similar patterns 
were observed in participants with sarcopenic obesity.  

Associations between GGT and body composition 
parameters

Associations between GGT and body composition 
parameters were assessed using univariate and multi-
variate linear regression analyses with GGT as a depen-
dent variable (Table 2).  Serum GGT activity was asso-
ciated positively with WC but negatively with ASM 
after adjusting for age, sex, BMI, and other confound-
ers.  When the standardized partial regression coeffi-
cients (St-β) were compared, the absolute St-β value 
for ASM (St-β = -0.18, P < 0.001) was approximately 
2-fold higher than that for WC (St-β = 0.09, P < 0.001), 
and ASM was a relatively strong determinant of GGT 
after ALT (St-β = 0.42, P < 0.001), sex (St-β = -0.28, P 
< 0.001), and heavy alcohol consumption (St-β = 0.21, 
P < 0.001).  When total body fat mass entered into mul-
tivariate model instead of WC, the independent associ-
ation of ASM with GGT was consistent (St-β = -0.14, 
P < 0.001) whereas total body fat mass showed mar-
ginal statistical significance (St-β = 0.06, P = 0.051).  
25(OH)D was not an independent predictor of serum 
GGT activity in multivariate model (β = -0.002, P = 
0.108).

Independent association of serum GGT level with 
sarcopenia/sarcopenic obesity

The prevalence of sarcopenia and sarcopenic obe-
sity increased in a stepwise fashion as the GGT quin-
tile increased (for sarcopenia, 20.2% in the lowest 
GGT quintile [Q1] to 40.0% in the highest GGT quin-
tile [Q5], P for trend <0.001; for sarcopenic obesity, 
7.5% in GGT Q1 to 27.4% in GGT Q5, P for trend 
<0.001; Fig. 1).  The independent associations of GGT 
with sarcopenia and sarcopenic obesity were assessed 
using multivariate logistic regression analyses (Fig. 2).  
The stepwise increase in the risk of sarcopenia accord-
ing to GGT quintile was observed in the univariate 
analysis (GGT Q2: odds ratio [OR] = 1.56, 95% confi-
dence interval [CI] 1.18–2.05, P = 0.002; GGT Q5: OR 

ence of self-reported doctor-diagnosed diabetes melli-
tus or a fasting glucose level ≥126 mg/dL.  The self-
reported smoking status, education level, and presence 
of doctor-diagnosed chronic conditions were recorded. 

Statistical analyses
Data are presented as means ± standard devia-

tions, medians [interquartile ranges] or numbers (%).  
Comparisons of participant characteristics were per-
formed using the independent t-test or Wilcoxon rank-
sum test for continuous variables and the chi-square 
test for categorical variables as appropriate.  Factors 
correlated with GGT, including ASM, WC, sex, alco-
hol consumption, TG, and other covariates, were 
assessed in univariate and multivariate linear regres-
sion analyses with comparisons of the standardized 
partial regression coefficients.  Independent associa-
tions of GGT with sarcopenia and sarcopenic obesity 
were assessed using multivariate logistic regression 
analyses.  GGT was entered into the model in the form 
of either natural logged GGT (log-GGT) as a continu-
ous variable or GGT quintiles as a categorical variable.  
Models were adjusted for potent covariates, including 
age; sex; BMI; physical activity; smoking status; alco-
hol consumption; education level; occupation; pres-
ence of DM, hypertension, coronary heart disease, 
chronic kidney disease, stroke, or any type of cancer; 
and TG, HDL-C, ALT, and 25(OH)D levels.  A 2-sided 
P < 0.05 was considered significant.  All statistical 
analyses were performed using STATA 12.1 (StataCorp 
LP, College Station, TX, USA).

results

Characteristics of study participants
The mean age of the study participants was 63.4 ± 

8.7 years; 1,348 (42.2%) were men.  Sarcopenia was 
present in 369 men (27.4%) and 649 women (35.2%).  
Among them, 188 men (13.9%) and 371 women 
(20.1%) had concurrent obesity.  The median GGT 
level was 22 IU/L (interquartile range, 16–36) and 
most participants (89.3%) had GGT values within the 
normal range.  Compared to participants without sar-
copenia, the serum GGT level was significantly higher 
in those with sarcopenia (33 [22–57] vs. 29 [20–52] in 
men, P < 0.001; 20 [15–30] vs. 17 [13–25] in women, 
P < 0.001) or sarcopenic obesity (39 [26–65] vs. 29 
[20–52] in men, P < 0.001; 22 [16–33] vs. 17 [13 –25] 
in women, P < 0.001; Table 1).  Participants with sar-
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Table 1  Comparison of study participant characteristics by the presence of sarcopenia and sarcopenic obesity
Men 

(N = 1,348)
Women 

(N =1,845)
No sarcopenia

(N = 979)
Sarcopenia
(N = 369)

Sarcopenic obesity
(N = 188)

No sarcopenia
(N = 1,196

Sarcopenia
(N = 649)

Sarcopenic obesity
(N = 371)

Age, years 63.1 ± 8.4 65.6 ± 8.3* 65.6 ± 7.9* 62.8 ± 9.1 63.7 ± 8.7* 64.9 ± 8.4*
BMI, kg/m2 23.2 ± 2.7 25.2 ± 2.6* 26.7 ± 2.2* 23.2 ± 2.8 26.0 ± 3.4* 27.8 ± 2.9*
WC, cm 83.8 ± 8.2 90.1 ± 7.3* 95.6 ± 4.9* 79.8 ± 8.3 86.6 ± 9.2* 92.9 ± 6.2*
ASM, kg 21.0 ± 2.8 19.4 ± 2.4* 20.7 ± 2.2 14.2 ± 1.9 13.3 ± 1.9* 14.2 ± 1.8
ASM/Wt, % 32.6 ± 1.9 28.0 ± 1.4* 27.7 ± 1.4* 25.9 ± 1.9 21.9 ± 1.3* 21.6 ± 1.4* 
ASM/Height2, kg/m2 7.5 ± 0.8 7.1 ± 0.7* 7.4 ± 0.6 6.0 ± 0.6 5.6 ± 0.7* 6.0 ± 0.6
Total body fat mass, kg 12.7 ± 3.8 18.7 ± 3.8* 20.7 ± 3.4* 17.1 ± 4.3 23.4 ± 4.9* 25.8 ± 4.6*
Percent body fat, % 21.2 ± 4.4 29.2 ± 3.4* 30.3 ± 3.2* 33.4 ± 4.7 41.6 ± 3.5* 42.5 ± 3.3*
Systolic BP, mmHg 125 ± 16 127 ± 16 128 ± 15* 125 ± 18 129 ± 16* 132 ± 16*
GGT, IU/L 29 [20–52] 33 [22–57]* 39 [26–65]* 17 [13–25] 20 [15–30]* 22 [16–33]*
ALT, IU/L 20 [15–27) 21 [16–31)* 23 [17–35]* 16 [13–21] 18 [14–23]* 19 [15–25]*
AST, IU/L 22 [19–27] 23 [20–29] 24 [20–30]* 21 [18–24] 21 [18–24] 21 [18–25]
ALP, IU/L 232 [195–276] 230 [194–271] 223 [193–266] 240 [200–290] 246 [201–294] 247 [201–295]
HDL-C, mg/dL 46.7 ± 11.6 42.0 ± 10.1* 41.2 ± 9.6* 49.4 ± 11.3 47.5±10.3* 46.0 ± 9.9*
TG, mg/dL 154 ± 148 178 ± 143* 192 ± 161* 130 ± 80 143 ± 75* 152 ± 78*
Fasting glucose, mg/dL 103 ± 26 109 ± 25* 111 ± 26* 99 ± 22 101 ± 22* 105 ± 26*
HOMA-IR (N = 2,271) 2.1 [1.7–2.8] 2.7* [2.0–3.4] 3.0* [2.4–3.7] 2.1 [1.7–2.8] 2.5* [1.9–3.3] 2.9* [2.1–3.7]
25(OH)D, ng/mL 20.3 ± 7.1 18.8 ± 6.3* 18.8 ± 6.2* 18.0 ± 6.9 16.9 ± 6.8* 16.6 ± 6.7*
Alcohol consumption
 Very light (0–5 g/d) 466 (47.6) 200 (54.4) 100 (53.3) 1109(92.9) 607 (93.6) 347 (93.6)
 Light (5.1–15 g/d) 134 (13.7) 49 (13.1) 24 (12.7) 45 (3.6) 23 (3.5) 15 (4.0)
 Moderate (15.1–30 g/d) 184 (18.8) 54 (14.6) 25 (13.3) 33 (2.8) 15 (2.3) 6 (1.6)
 Heavy (>30 g/d) 195 (19.9) 66 (17.9) 39 (20.7) 9 (0.7) 4 (0.6) 3 (0.8)

Physical activity
 Low 391 (39.9) 162 (43.9)* 82 (43.6)* 569 (47.6) 337 (51.9) 196 (52.8)
 Moderate 295 (30.1) 135 (36.6)* 72 (38.3)* 380 (31.7) 205 (31.6) 112 (30.2)
 High 293 (30.0) 78 (19.5)* 34 (18.1)* 247 (20.7) 107 (16.5) 63 (17.0)

Education
 Primary school 333 (34.0) 112 (30.3) 54 (28.7) 722 (60.3) 395 (60.9) 254 (68.4)*
 Middle school 196 (20.0) 84 (22.8) 45 (23.9) 192 (16.1) 108 (16.6) 57 (15.4)*
 ≥High school 450 (46.0) 183 (46.9) 89 (47.4) 282 (23.6) 146 (22.5) 60 (16.2)*

Occupation
 Unemployed 291 (29.7) 167 (45.2)* 82 (43.6)* 684 (57.2) 411 (63.3)* 237 (63.8)*
 Physical work 499 (50.9) 116 (31.4)* 64 (34.0)* 333 (27.8) 144 (22.2)* 83 (22.4)*
 Sedentary work 189 (19.4) 86 (23.4)* 42 (22.4)* 179 (15.0) 94 (14.5)* 51 (13.8)*

Smoking status
 Never 152 (15.5) 55 (14.9)* 30 (15.9) 1098(91.8) 614 (94.6)* 350 (94.4)*
 Ex-smoker 496 (50.6) 225 (60.9)* 108 (57.5) 42 (3.5) 20 (3.1)* 15 (4.0)*
 Current 331 (33.9) 89 (24.2)* 50 (26.6) 56 (4.7) 15 (2.3)* 6 (1.6)*

DM 160 (16.3) 106 (28.7)* 58 (30.8)* 161 (13.5) 117 (18.0)* 87 (23.4)*
Hypertension 312 (31.8) 199 (53.9)* 109 (57.9)* 431 (36.0) 331 (51.0)* 231 (59.7)*
Stroke 30 (3.1) 26 (7.1)* 17 (9.0)* 33 (2.8) 21 (3.2) 15 (4.0)
Coronary heart disease 41 (4.2) 41 (11.1)* 19 (10.1)* 50 (4.2) 35 (5.4) 23 (6.2)
Chronic kidney disease 50 (5.1) 53 (14.4)* 28 (14.9)* 55 (4.6) 36 (5.5) 31 (8.4)*
Any cancer 41 (4.2) 23 (6.2) 11 (5.8) 68 (5.7) 32 (4.9) 18 (4.8)

*: P < 0.05 when compared with the no sarcopenia group as a reference in each sex strata.
Continuous variables are presented as means ± standard deviations or medians [interquartile ranges] and categorical variables are 
presented as numbers (%).  BMI, body mass index; WC, waist circumference; ASM, appendicular skeletal muscle mass; Wt, body 
weight; GGT, gamma-glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; 
HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; HOMA-IR, homeostatic model assessment of insulin resistance; 25(OH)
D, serum 25-hydroxyvitamin D concentration; DM, diabetes mellitus.
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Table 2 Associations of body composition parameters with gamma-glutamyl transferase and other 
covariates in the univariate and multivariate linear regression analyses

Univariate Multivariate
β (S.E) P-value β (S.E) Standardized β P-value

ASM (kg) 0.061 (0.003) <0.001 -0.032 (0.005) -0.18 <0.001
WC (cm) 0.021 (0.001) <0.001 0.007 (0.002) 0.09 <0.001
BMI (kg/m2) 0.035 (0.003) <0.001 -0.002 (0.006) -0.01 0.768
Age (years) -0.006 (0.001) <0.001 -0.002 (0.001) -0.03 0.049
Women -0.557 (0.022) <0.001 -0.397 (0.046) -0.28 <0.001
Moderate alcohol* 0.514 (0.041) <0.001 0.390 (0.039) 0.15 <0.001
Heavy alcohol* 0.863 (0.041) <0.001 0.540 (0.042) 0.21 <0.001
Current smoker 0.513 (0.032) <0.001 0.235 (0.032) 0.11 <0.001
HTN 0.102 (0.024) <0.001 0.049 (0.022) 0.03 0.030
TG (mg/dL) 0.002 (0.001) <0.001 0.002 (0.001) 0.15 <0.001
HOMA-IR 0.086 (0.009) <0.001 0.021 (0.007) 0.05 0.006
Log-ALT (IU/L) 0.812 (0.022) <0.001 0.660 (0.025) 0.42 <0.001

* Compared with non-drinkers.  ASM, appendicular skeletal muscle mass; WC, waist circumference; BMI, body 
mass index; HTN, hypertension; TG, triglyceride; HOMA-IR, homeostatic model assessment of insulin resistance; 
25(OH)D, serum 25-hydroxyvitamin D concentration; ALT, alanine aminotransferase.

Fig. 1 Prevalence of sarcopenia and sarcopenic obesity according to sex-specific gamma-glutamyl transferase (GGT) quintiles

Fig. 2 Adjusted odds ratios for presence of sarcopenia or sarcopenic obesity per single-unit increase in natural log-gamma-glutamyl transferase 
(GGT) as a continuous variable (presented in overall group and subgroups stratified by sex, age, and BMI) and per GGT quintile as a 
categorical variable using the lowest GGT quintile as a reference group (GGT Q2 – Q5 vs. Q1) by using multivariate logistic regression 
model.  All models were adjusted for potent covariates including age; sex; BMI; physical activity; smoking status; alcohol consumption; 
education level; occupation; presence of diabetes, hypertension, coronary heart disease, chronic kidney disease, stroke, or any type of 
cancer; and triglyceride, high-density lipoprotein cholesterol, alanine aminotransferase, and 25-hydroxyvitamin D levels.
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ASM reported in this study was largely consistent 
with the results of previous community-based stud-
ies [7, 9].  We used weight-adjusted ASM (ASM/Wt) 
to define sarcopenia based on previous studies that 
suggested that ASM/Wt might be a more appropriate 
method of defining sarcopenia and sarcopenic obesity 
than height-adjusted ASM (ASM/Ht2) because of bet-
ter correlations with insulin resistance and abdominal 
obesity [7, 9].  Although the definitions and classifi-
cations of sarcopenia and sarcopenic obesity remain 
under debate, we found negative correlations of ASM/
Wt with HOMA-IR, WC, BMI, and serum TG levels 
whereas ASM/Ht2 correlated positively with these fac-
tors, in accordance with previous findings.  Advanced 
age, insulin resistance, dyslipidemia, a low physi-
cal activity level, presence of DM, hypertension, and 
a low serum 25(OH)D level were significantly asso-
ciated with sarcopenia and sarcopenic obesity in our 
study, in accordance with previous studies [24].  We 
also found robust associations of serum GGT activ-
ity with sarcopenia and sarcopenic obesity that were 
independent of age, sex, BMI, and other established 
covariates in an elderly population.  A number of stud-
ies found significant interactions of GGT and BMI with 
metabolic risks; particularly, the associations of higher 
BMI with the risk of type 2 DM, poor glycemic con-
trol, and dyslipidemia were strong in individuals with 
high normal serum GGT activity levels but were weak 
or even insignificant in individuals with low normal 
GGT levels [25, 26].  Our results support the finding 
that higher serum GGT activity may confer an addi-
tional risk, along with BMI, upon adverse metabolic 
profiles by reflecting an imbalance between decreased 
ASM and increased visceral fat mass within an identi-
cal BMI range.  

NAFLD is one of the possible links between ele-
vated serum GGT activity and the presence of sarco-
penia and sarcopenic obesity.  A recent observational 
cohort study suggested that those with a lower muscle 
mass had a higher risk of NAFLD than individuals with 
preserved muscle mass [27].  Muscle mass loss is asso-
ciated with increased visceral fat and insulin resistance; 
insulin resistance is known to facilitate fat accumula-
tion in hepatocytes [5, 28].  Pro-inflammatory cytokines 
and adipokines from visceral fat and ectopic fat accu-
mulation in the liver induce chronic systemic inflam-
mation, which lead to further losses of muscle mass 
and increased insulin resistance, thus forming a vicious 
cycle [6].  Previous studies have reported strong asso-

= 2.62, 95% CI, 2.01–3.42, P < 0.001).  Similar pat-
terns were observed for the risk of sarcopenic obesity 
(GGT Q2: OR = 1.79, 95% CI, 1.19–2.68, P = 0.005; 
GGT Q5: OR = 4.66, 95% CI, 3.21– 6.77, P < 0.001).  
These associations were robust after adjusting for 
potent covariates in multivariate model (Fig. 2).  Each 
single-unit increase in log-GGT was associated with a 
35% increased risk of sarcopenia and 62% increased 
risk of sarcopenic obesity among overall participants in 
the multivariate model.  Similar results were obtained 
when BMI was substituted for total body fat mass (for 
sarcopenia: OR = 1.27, 95% CI 1.05-1.53, P = 0.012; 
for sarcopenic obesity: OR = 1.51, 95% CI 1.18-1.92, 
P < 0.001).  Among other hepatic enzymes, significant 
associations of ALT with sarcopenia (OR = 1.33, 95% 
CI, 1.13–1.57, P < 0.001) and sarcopenic obesity (OR 
= 1.75, 95% CI, 1.45–2.13, P < 0.001) were observed 
in univariate analyses, but the significance was attenu-
ated in the multivariate model (sarcopenia, OR = 0.93, 
95% CI, 0.75–1.16, P = 0.547; sarcopenic obesity, OR 
= 0.89, 95% CI, 0.67–1.18, P = 0.451).  AST and ALP 
did not show any significant association with sarco-
penia in either the univariate or multivariate model.  
In the subpopulation of participants with available 
HOMA-IR data (N = 2,179, 68.2%), the associations of 
GGT with sarcopenia and sarcopenic obesity remained 
independent after further adjusting for HOMA-IR (OR 
for sarcopenia = 1.24, 95% CI, 1.03–1.51, P = 0.024; 
OR for sarcopenic obesity = 1.55, 95% CI, 1.19–2.02, 
P < 0.001).  We did not observe any effect modification 
of the relationships of GGT with sarcopenia and sarco-
penic obesity according to age, sex, and BMI.  

Discussion

The principal findings of our study are as follows: 
1) the prevalence of sarcopenia and sarcopenic obe-
sity increased stepwise across GGT quintiles in com-
munity-dwelling older adults; 2) serum GGT showed 
negative and positive associations with ASM and 
waist circumference, respectively, after adjusting for 
other covariates; 3) elevated serum GGT activity, even 
within the normal range, was independently associated 
with the presence of sarcopenia and sarcopenic obesity 
in the overall population and in subgroups stratified by 
age, sex, and BMI. 

The sarcopenia cutoff value (ASM/Wt 29.7%, men; 
23.4%, women) and prevalence (27.4% for men and 
35.2% for women) according to the weight-adjusted 
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ciations of GGT, a sensitive marker of NAFLD, with 
insulin resistance, dyslipidemia, and inflammatory 
cytokines [14, 15, 17, 28].  In line with previous find-
ings, HOMA-IR (insulin resistance index), ALT (more 
specific surrogate marker of intrahepatic TG content), 
and serum TG levels were all independent determi-
nants of serum GGT activity in this study.  However, 
we observed that the associations of GGT with sarco-
penia and sarcopenic obesity were robust even after 
adjusting for HOMA-IR, ALT, TG, and HDL, suggest-
ing that GGT might not be merely a simple mediator 
of NAFLD and insulin resistance in association with 
sarcopenia.  Oxidative stress and mitochondrial dys-
function have previously been linked to muscle wast-
ing and sarcopenia [29].  Given that GGT is considered 
as an in vivo biomarker of oxidative stress, the associa-
tions of GGT with sarcopenia and sarcopenic obesity 
might be partly mediated by oxidative stress [15, 17].  
Taken together, GGT might play a role as an integra-
tive marker for sarcopenia and sarcopenic obesity, thus 
reflecting various predisposing conditions that are not 
mutually exclusive.  

Our study has several limitations.  The causal rela-
tionships of GGT with sarcopenia and sarcopenic obe-
sity could not be assessed because of the cross-sec-
tional study design.  This study might not have been 
free from selection bias, as the data did not include 
the institutionalized elderly population despite using a 
large national representative sample.  We defined sar-
copenic obesity as the composite of sarcopenia and 
abdominal obesity measured by WC instead of BMI.  
Although BMI was the most popular proxy for thin-
ness and fatness, previous studies suggested that WC 
as a surrogate for visceral fat area might provide bet-
ter identification of metabolic impairments than other 
anthropometric indices in Asian population [30, 31].  

The importance of muscle strength and physical per-
formance on sarcopenia diagnosis was emphasized in 
current consensus reports [11].  Data regarding mus-
cle strength or muscle quality were not available in 
our study, although our physical activity measurements 
were based on metabolic equivalents, in accordance 
with established guidelines [23].  However, our results 
might suggest that serum GGT is a sensitive indicator of 
sarcopenia and sarcopenic obesity in community-dwell-
ing older individuals with or without preserved muscle 
strength, although further studies on the associations of 
GGT with muscle strength and physical performance 
are needed [11].  Inflammatory cytokines, adipokines, 
and myokines were not measured in our study.  Our data 
lacked any direct measures of NAFLD such as imaging 
or liver biopsy, although we used ALT, a more specific 
marker of intrahepatic TG contents relative to other 
liver enzymes, as a surrogate marker [28, 32]. 

In conclusion, serum GGT activity was indepen-
dently associated with the presence of sarcopenia and 
sarcopenic obesity in community-dwelling older people.  
Considering the low cost and wide availability of GGT 
testing in most primary care settings, measurement of 
serum GGT activity may facilitate the identification of 
individuals at a high risk of sarcopenia and sarcopenic 
obesity within a community.  Longitudinal researches 
are needed to confirm the associations of GGT with sar-
copenia and sarcopenic obesity in older adults. 
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