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Context: Irisin is an exercise-induced novel myokine that drives brown-fat-like conversion of white
adipose tissue and has been suggested to be a promising target for the treatment of obesity-related
metabolic disorders.

Objective: To assess the association of circulating irisin concentrations with brown adipose tissue
(BAT) and/or sarcopenia in humans.

SettingandDesign:Weexamined irisin levels in40BAT-positiveand40BAT-negativewomendetected
by 18F-fluorodeoxyglucose positron emission tomography (18FDG-PET). In a separate study, we also
examined 401 subjects with or without sarcopenia defined by skeletal muscle mass index (SMMI) and
appendicular skeletal muscle (ASM)/height2 using dual-energy x-ray absorptiometry.

Results: Among 6877 consecutive 18FDG-PET scans in 4736 subjects, 146 subjects (3.1%) had positive
BAT scans. The BAT-detectable group and the matched BAT-undetectable group did not differ in
circulating irisin levels measured using two different ELISA kits (P � .747 and P � .160, respectively).
Serum irisin levels were not different between individuals with sarcopenia and those without
sarcopenia using either kit (P � .305 and P � .569, respectively). Also, serum irisin levels were not
different between groups defined by ASM/height2 using either kit (P � .352 and P � .134, respec-
tively). Although visceral fat area and skeletal muscle mass showed significant difference according
to tertiles of SMMI levels, irisin concentrations did not differ.

Conclusions: Circulating irisin levels were not different in individuals with detectable BAT or those
with sarcopenia compared with control subjects and were not correlated with SMMI. (J Clin En-
docrinol Metab 99: 2778–2785, 2014)

Regular exercise can lower the risk of chronic metabolic
disorders and cardiovascular disease (1, 2). How-

ever, the exact molecular mechanisms by which exercise

exerts its positive effects have not been fully identified.
PPAR-� coactivator-1 � (PGC-1�) is one of the most im-
portant metabolic modulators induced in muscle by ex-
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ercise. Increased muscle PGC-1� expression in mice pro-
tects against age-related insulin resistance and sarcopenia,
a loss of skeletal muscle mass and strength (3). Further-
more,PGC-1� regulates the expressionofuncouplingpro-
tein 1 (UCP1) and plays a role in thermogenesis in skeletal
muscle and brown adipose tissue (BAT) (4).

Like adipose tissue, skeletal muscle has recently been
recognized as an active endocrine organ releasing myo-
kines, which may be responsible for the beneficial effects
of exercise (5). Recently, Bostrom et al (6) found that
PGC-1� expression in muscle of mice increases expression
levels of the fibronectin type III domain containing protein
5 (FNDC5), a membrane protein that is cleaved and se-
creted as a novel myokine named irisin. Interestingly, irisin
is induced by exercise, and stimulates UCP1 expression
and browning of adipose tissue, which leads to the devel-
opment of beige or brite adipocytes in murine adipose
tissue (6). Furthermore, this effect was associated with
increase in total body energy expenditure, which results in
improved glucose tolerance and modest amounts of
weight loss (6). Based on these results, Bostrom et al sug-
gested that irisin is responsible for some of the beneficial
effects of exercise and might be a promising target for the
treatment of metabolic disorders. However, the exercise
effects and metabolic influence of irisin in humans have
not been fully established yet. Whereas studies on mice
shows that exercise-induced irisin may stimulate brown-
ing of white adipose tissue (6–8), five well-conducted ex-
ercise intervention studies have shown that long-term ex-
ercise does not increase circulating irisin levels in humans
(9–13).

The existence of BAT in human adults was recently
confirmed in several landmark studies using 18F-fluoro-
deoxyglucose positron emission tomography (PET)/com-
puted tomography (CT) (18FDG-PET/CT) scans and bi-
opsies (14, 15). Human BAT shows gene expression
profiles that are more similar to murine beige adipocytes
than classical brown adipocytes (16). Although irisin re-
sults in brown-fat-like conversion of white adipose tissue
(WAT) in mice, to the best of our knowledge, there have
been no reports associating irisin with BAT in humans. In
addition, whereas physical inactivity and muscle disuse
may lead to adverse myokine patterns accompanied by
loss of muscle mass, there are only limited data regarding
the possible association between irisin and sarcopenia.

In the present study, to identify functional evidence on
a potential role for circulating irisin in vivo, we first eval-
uated irisin levels in individuals with BAT detected using
18FDG-PET/CT scans compared with individuals without
BAT matched for age, sex, and season/y of 18FDG-
PET/CT scanning. Then, we also examined irisin concen-
trations in individuals with sarcopenia and explored the

relationships between irisin, skeletal muscle mass, and car-
diometabolic risk profiles in Asian men and women.

Materials and Methods

Detection of brown adipose tissue by 18F-FDG PET/
CT imaging

A total of 6877 consecutive PET/CT scans were evaluated
from January 2008 to December 2010 at Korea University Guro
Hospital. All PET/CT scans were performed using the Gemini TF
16-Slice PET/CT scanner (Philips Medical Systems), a new high-
performance, time-of-flight–capable, fully three-dimensional
PET scanner using lutetium-yttrium oxyorthosilicate crystals.
After at least 12 h of fasting, 18F-FDG (370–550 MBq) was
injected by iv, and then patients rested in a quiet room for 60 min.
A whole-body PET image (below cerebellum to inguinal) was
acquired for 10 min (1 min per bed), and PET image analysis was
performed at a dedicated workstation (Extended Brilliance
Workspace 3.5 with PET/CT viewer for automated image reg-
istration, Philips). The temperature in the PET scanning room
was constantly regulated at 22°C.

Patients were considered to have 18F-FDG BAT when the
following criteria were met: 1) 18F-FDG uptake was in the cer-
vical/supraclavicular, mediastinal, paravertebral, and/or perire-
nal areas; 2) 18F-FDG uptake had a maximum standardized up-
take value 2.0 g/mL or greater (an indicator of (18F-FDG uptake
intensity); and 3) the tissue corresponded to the density of adi-
pose tissue on CT (�250–�50 Hounsfield units) (17).

A total of 146 subjects out of 4736 subjects (3.1%) tested
positive for BAT (Supplemental Figure 1). BAT-positive patients
were screened, and potentially eligible individuals were invited to
attend a face-to-face assessment to confirm eligibility. This study
included only women because of a higher prevalence of BAT
among women, the more active participation of women, and
concerns regarding potential confounding effects of sex. Partic-
ipants who had histories of cardiovascular disease (myocardial
infarction), unstable angina, stroke, peripheral artery disease, or
cardiovascular revascularization), diabetes, stage 2 hypertension
(resting blood pressure (BP) �160/100 mm Hg), or severe renal
or hepatic disease were excluded. Forty out of 146 BAT-positive
subjects were enrolled according to the inclusion and exclusion
criteria. Forty BAT-negative subjects were then enrolled as con-
trols and were matched with the BAT-positive subjects based on
age, sex, and season/y of PET/CT scanning.

Study participants in the sarcopenia cohort
Study subjects were drawn from participants in the Korean

Sarcopenic Obesity Study (KSOS), an ongoing prospective, ob-
servational, cohort study. The details of the study design and
objectives have been published previously (18, 19). Participants
in this study include healthy volunteers residing in Seoul, South
Korea. None of the participants had histories of cardiovascular
disease (myocardial infoarction, unstable angina, stroke, or car-
diovascular revascularization), stage 2 hypertension (resting BP,
�160/100 mm Hg), malignancy, or severe renal or hepatic dis-
ease. In the present study, the KSOS cohort of adults greater than
20 years of age for the period of 2009–2011 consisted of 401
subjects (149 men and 252 women). All participants provided
written informed consent, and the Korea University Institutional
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Review Board, in accordance with the Declaration of Helsinki of
the World Medical Association, approved this study protocol.

Anthropometric and laboratory measurements
Body mass index (BMI) was calculated as weight/height2 (kg/

m2), and waist circumference was measured at the midpoint be-
tween the lower border of the rib cage and iliac crest. All blood
samples were obtained in the morning after a 12-hour overnight
fast and were immediately stored at �80°C for subsequent as-
says. Serum triglyceride, high-density lipoprotein (HDL), and
low-density lipoprotein (LDL) cholesterol levels were deter-
mined enzymatically using a chemistry analyzer (Hitachi 747). A
glucose oxidase method was employed to measure plasma glu-
cose and high-sensitivity C-reactive protein (CRP) (hsCRP) lev-
els were determined via a chemiluminescence immunoassay
(Beckman Coulter).

Measurement of irisin levels
Circulating irisin levels were measured using both a previ-

ously validated Aviscera ELISA kit (now provided as cat#EK-
067–52 at Phoenix Pharmaceuticals; intra-CV � 0.6�4.8%, in-
ter-CV � 8.0�10.0%; detectable range � 0.066�1024 ng/mL)
and Adipogen ELISA kit (cat# AG-45A-0046EK-KI01; intra-
CV � 6.9 � 1.3%, inter-CV � 9.0 � 0.8%; detectable range �
0.001�5 �g/mL). In the sarcopenia study, Aviscera ELISA kit
was used in 100 subjects with sarcopenia and 100 age- and sex-
matched controls selected randomly to confirm or refute data
derived using the Adipogen ELISA kit, whereas Adipogen ELISA
kit was used in the whole study group.

Assessment of body composition
Body compositional analysis was performed using dual en-

ergy x-ray absorptiometry (DXA) and CT. A whole-body DXA
scan was performed for each patient to measure total and re-
gional lean mass (g), total body fat (g), and total body fat per-
centage (%) using fan-beam technology (Hologic Discovery A,
Hologic). Appendicular skeletal muscle mass (ASM (kg)) and
skeletal muscle mass index (SMMI (%): total skeletal muscle
mass (kg)/weight (kg) � 100) were obtained as previously de-
scribed (18, 19). The abdominal adipose tissue area was quan-
tified using CT (Brilliance 64, Philips Medical Systems). Visceral
fat area (VFA), total abdominal fat area (TFA), and sc fat area
(SCFA) were calculated from a CT slice scan image, which was
obtained between the fourth and fifth lumbar vertebrae during
suspended respiration. Fat attenuation was determined by mea-
suring the mean value of the pixels within a range of �190––�30
Hounsfield units.

Definitions and cut-off points for sarcopenia
Sarcopenia was defined as an SMMI (skeletal muscle mass

index) of 2 SD below the sex-specific mean value for a younger
reference group (20). For men, the cutoff value for sarcopenia
was 37.46%, defined as less than 2 SD below the sex-specific
normal mean for the young reference group. For women, the
corresponding limits were 32.67% (18). Sarcopenia was also
defined as an ASM/height2 of 2 SD below the sex-specific mean
value for a younger reference group (21). The sex-specific cut-off
points of ASM/height2 were 8.16 kg/m2 in men and 6.21 kg/m2

in women.

Measurement of brachial-ankle pulse wave
velocity for analysis of arterial stiffness

After a subject rested in the supine position for 5 minutes, the
brachial-ankle pulse wave velocity (baPWV) was measured using
a BP-203RPE II volume-plethymographic apparatus (Colin),
which simultaneously records the baPWV and the brachial and
ankle blood pressures on the left and right sides. The baPWV was
calculated as the mean of the left and right baPWV values.

Statistical analyses
Each variable was assessed for a normal distribution. Data are

expressed as mean � SD or median (interquartile range [25–
75%]). Differences between groups were tested using an inde-
pendent two-sample t test or Mann-Whitney U test for contin-
uous variables, and the �2 test was used to test for differences in
the distribution of categorical variables. Multiple stepwise re-
gression analyses with circulating irisin levels as the dependent
variable was performed to identify independently associated fac-
tors in the study subjects. Age, sex, BMI, waist circumference,
systolic and diastolic BP, VFA, SCFA, fasting plasma glucose,
total cholesterol, triglycerides, HDL cholesterol, hsCRP, ASM,
and SMMI were analyzed as covariates. All statistical results
were based on two-sided tests. Differences between tertile groups
were tested using one-way ANOVA, Kruskal-Wallis H-test for
continuous variables, and Fisher’s exact test or Pearson’s �2 test
for categorical variables. Data were analyzed using SAS 9.2 (SAS
Institute). P values � .05 were considered statistically significant.

Results

Characteristics of the study subjects with or
without brown adipose tissue detected by
18FDG-PET/CT

The BAT-positive group and the matched BAT-nega-
tive group did not differ significantly regarding anthro-
pometric and metabolic profiles (Table 1, Supplemental
Figure 1). In particular, there were no significant differ-
ences in VFA or SCFA between BAT-positive and BAT-
negative groups, nor was there a significant difference in
hsCRP and pulse wave velocity (PWV) levels between the
two groups. Importantly, circulating irisin levels mea-
sured using two kinds of irisin ELISA kit showed no dif-
ferences in subjects with BAT detected using 18FDG-
PET/CT compared with those without BAT (969.0
[861.1–1078.2] vs. 979.0 [808.0–1128.7] ng/mL, P �
.747 (Adipogen); 56.7 [50.5, 63.9] vs. 60.2 [55.1, 63.6]
ng/mL, P � .160 (Aviscera); Figure 1A).

Clinical and laboratory characteristics of the study
subjects with or without sarcopenia

The clinical and biochemical characteristics of the
study subjects in the sarcopenia cohort are presented in
Table 2. The prevalence of sarcopenia in the entire sample
was 31.4% and was lower in men than in women (13.4%
and 42.1%, respectively). Subjects with sarcopenia were
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older and more likely to be female, had higher body
weight, BMI, waist circumference, BP, fasting plasma glu-
cose, total cholesterol, triglycerides, LDL cholesterol, and
hsCRP compared with subjects without sarcopenia. Fur-
thermore, VFA, SCFA, and PWV were higher, whereas
SMMI and ASM/height2 values were significantly lower in
subjects with sarcopenia compared with those without
sarcopenia. However, circulating irisin levels were not dif-
ferent between groups by both ELISA kits (951.1 [770.6–
1141.8] vs. 1003.0 [761.3–1211.7] ng/mL, P � .305 (Adi-
pogen); 117.4 [96.9, 138.6] vs. 120.0 [102.3, 142.1] ng/
mL, P � .569 (Aviscera); Figure 1B). Also, serum irisin
levelswerenotdifferentbetween individualswith sarcope-
nia and those without sarcopenia defined by ASM/height2

by both kits (1056.6 [676.0–1236.1] vs. 959.5 [770.1–
1160.0] ng/mL, P � .352 (Adipogen); 116.4 [88.2–137.2]
vs. 122.7 [103.3–142.1] ng/mL, P � .134 (Aviscera)). Al-
though irisin levels measured using Adipogen ELISA kit
were significantly correlated with those measured using
Aviscera ELISA kit (r � 0.219, P � .002, Supplemental
Figure 2), the magnitude of correlation is relatively low
and absolute values were quite different.

Correlation analysis between SMMI and irisin
levels

The SMMI was negatively correlated with BMI (P �
.001), systolic BP (P � .032), VFA (P � .001), SCFA (P �
.001), TFA (P � .001), total cholesterol (P � .017), and
LDLcholesterol (P� .002). Importantly, correlationanal-
ysis adjusted for age and sex showed that SMMI was not
correlated with circulating irisin level (r � 0.05, P � .358).
Moreover, in multiple stepwise regression analyses, irisin
concentrations measured using Adipogen ELISA kit were
associated with fasting plasma glucose (� � �1.566) and

total cholesterol levels (� � �1.678), whereas irisin levels
measured using Aviscera ELISA kit were associated with
age (� � �1.044), diastolic BP (� � 0.460), and VFA (� �
0.153), but not with SMMI.

Anthropometric and clinical characteristics
according to SMMI

Table 3 presents clinical and laboratory variables strat-
ified by SMMI level tertiles. Body weight, BMI, waist cir-
cumference, BP, total cholesterol, LDL cholesterol, and
PWV levels were significantly different with increasing
SMMI levels. Furthermore, VFA and SCFA levels were
decreased, whereas ASM and ASM/height2 were increased
according to increment of SMMI tertiles. However, irisin
levels measured using two kinds of ELISA kit did not differ
(P � .303 and P � .357, respectively).

Discussion

Skeletal muscle has recently been identified as an active
endocrine organ, secreting myokines, which may commu-
nicate with other organs to mediate the beneficial effects
of exercise on systemic metabolism. Exogenous adminis-
tration of irisin in the mouse induces the expressions of
UCP1 and other BAT-associated genes through increased
PPAR-� expression (6). Moreover, irisin directly commu-
nicates with WAT and induces browning, which results in
the increase of systemic energy expenditure and improve-
ment of metabolic profiles (6). These results support that
irisin might be a novel, promising target for the treatment
of chronic metabolic disorders. Interestingly, Roca-Ri-
vadaet al (22) recently reported that visceral adipose tissue
and especially sc adipose tissue also express and secrete

Table 1. Clinical and Laboratory Characteristics of the Study Subjects with or without BAT Detected by
18FDG-PET/CT

Characteristic BAT Negative BAT Positive P Value

N 40 40
Age, y 42 (35, 44) 40 (36, 42) .307
Body weight, kg 55.2 (50.0, 61.2) 55.7 (49.3, 61.2) .966
BMI, kg/m2 21.9 (19.8, 24.5) 21.91 (20.42, 23.8) .799
Waist circumference, cm 70.0 (67.0, 76.5) 74.0 (68.0, 77.0) .188
Systolic BP, mm Hg 111.0 � 12.0 114.5 � 13.3 .221
Diastolic BP, mm Hg 71.5 � 9.4 74.1 � 13.3 .320
Glucose, mmol/L 4.6 (4.2, 5.2) 4.7 (4.4, 5.1) .368
Insulin, �U/L 8.4 (5.7, 12.2) 9.1 (7.4, 11.8) .273
Total cholesterol, mmol/L 4.1 � 0.9 3.9 � 0.9 .369
Triglycerides, mmol/L 0.8 (0.6, 1.1) 0.9 (0.6, 1.4) .242
HDL cholesterol, mmol/L 1.3 � 0.3 1.2 � 0.3 .235
LDL cholesterol, mmol/L 2.4 � 0.7 2.2 � 0.7 .207
hsCRP, mg/L 0.5 (0.3, 0.7) 0.4 (0.3, 1.0) .697
Mean PWV, cm/sec 1132 (1052, 1228) 1214 (1122, 1326) .018
VFA, cm2 72.5 (53.8, 90.3) 71.1 (47.3, 89.0) .855
SCFA, cm2 169.1 (134.0, 219.7) 197.5 (162.7, 227.8) .107
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FNDC5/irisin in rat adipocytes and human adipose tissue.
Therefore, they suggested that FNDC5/irisin is not only a
myokine but is also an adipokine (22). Considering that
72% of circulating FNDC5/irisin is attributed to muscle
secretion, the regulatory feedback mechanism between
muscle and adipose tissue may be critical. However, the
impacts of irisin on anthropometric and metabolic phe-
notypes in humans are controversial. Although several
studies have reported that circulating irisin levels are pos-
itively correlated with BMI (9, 23), some studies have re-
ported null (24) or even negative correlations (25). The
present study, including a relatively large sample of Asian
men and women, found that circulating irisin levels were
not associated with BMI or waist circumference in mul-
tiple regression analyses. Lately, Huh et al (9) reported
very low mRNA expression of FNDC5 in human fat com-
pared with muscle using a TissueScan qPCR array.

In the initial report, irisin was shown to stimulate the
formation of brown-like adipocytes, the beige adipocytes,

which have a unique gene expression signature in a murine
model (6). Zhang et al (8) also demonstrated that recom-
binant irisin stimulates browning of white adipocytes
through MAPK p38 MAP kinase and ERK MAP kinase
signaling in mice. Although classic brown adipocytes have
pronounced basal expression of UCP1, beige adipocytes
show basal expression of UCP1 similar to that of WAT.
However, after stimulation, the expression of UCP1 in
beige adipocytes reaches the same high level as that seen in
BAT (26). Previously, BAT was thought to be lost after
infancy in humans. However, recent studies found persis-
tence of functional BAT in human adults using 18FDG-
PET/CT and biopsy (14, 15). Cypess et al (27) reported
that human BAT share many similarities in gene expres-
sion profiling with classical rodent BAT. Jespersen et al
(28) demonstrated a coexistence of classical BAT and
brite/beige adipocytes in human BAT. Biopsies of human
BAT contain mRNA of genes characteristic of beige cells,
such as CD137 and T-box1, suggest that human BAT re-

Figure 1. Circulating irisin levels measured using both Aviscera and Adipogen ELISA kit according to the presence of brown adipose tissue (BAT)
(A) and sarcopenia (B) in humans.
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sembles murine brite/beige adipocytes more closely
than classical brown adipocytes (16). In the present
study, we first showed that circulating irisin levels did
not differ between individuals with BAT and without
BAT using 18FDG-PET/CT. These results may suggest
that there is an essential difference between rodent and
human thermogenesis. Most energy expenditure is fun-
neled to BAT in mice housed under nonthermal neutral
condition, which does not usually occur under physio-
logic conditions in humans (29). On the other hand, in

a study using metabolic chamber, plasma irisin levels
were not correlated with 24-hour energy expenditure in
17 postmenopausal women (30). Furthermore,
Norheim et al (12) reported no correlation between cir-
culating irisin and UCP1 mRNA expression in sc adi-
pose tissue in humans. Raschke et al (31) found no effect
of recombinant irisin or FNDC5 on browning of pri-
mary human adipocytes. Based on these results, they
concluded that the beneficial effect of irisin observed in
mice is unlikely to be translated to humans (31). Further

Table 2. Clinical and Laboratory Characteristics of the Study Subjects with or without Sarcopenia

Characteristic Sarcopenia No Sarcopenia P Value

N 126 275
Age, y 61 (54, 67) 52 (40, 63) �.001
Sex, M/F 20/106 129/146 �.001
Body weight, kg 64.3 (58.0, 72.7) 61.0 (54.0, 70.0) �.001
BMI, kg/m2 26.4 (24.3, 28.9) 23.2 (21.4, 24.9) �.001
Waist circumference, cm 85 (80, 93) 80 (74, 87) �.001
Systolic BP, mm Hg 127.0 � 16.0 121.7 � 14.5 .001
Diastolic BP, mm Hg 80.4 � 10.7 78.1 � 10.4 .047
Glucose, mmol/L 4.4 (3.8, 5.1) 4.1 (3.6, 4.7) .004
Total cholesterol, mmol/L 4.1 � 0.9 3.8 � 1.0 .013
Triglycerides, mmol/L 1.0 (0.7, 1.4) 0.8 (0.6, 1.3) .044
HDL cholesterol, mmol/L 1.1 (0.9, 1.3) 1.0 (0.9, 1.3) .480
LDL cholesterol, mmol/L 2.5 � 0.8 2.2 � 0.7 .007
hsCRP, mg/L 0.6 (0.3, 1.1) 0.4 (0.2, 0.8) �.001
Mean PWV, cm/sec 1422 (1208, 1577) 1314 (1170, 1481) .010
VFA, cm2 145.0 (106.0, 190.9) 100.3 (66.8, 141.3) �.001
SCFA, cm2 244.3 (204.9, 297.7) 151.0 (115.1, 191.0) �.001
TFA, cm2 402.5 (337.5, 450.8) 265.6 (208.6, 312.8) �.001
ASM, kg 17.4 (15.7,19.8) 20.8 (17.5, 25.3) �.001
ASM/height2, kg/m2 7.2 (6.2, 8.0) 8.0 (6.9, 9.1) �.001
SMMI, % 30.9 (29.7, 32.2) 38.9 (35.6, 42.2) �.001

Table 3. Anthropometric and Clinical Characteristics According to SMMI Tertiles

Characteristic 1st Tertile 2nd Tertile 3rd Tertile P Value

N 133 134 134
SMMI, % 31.1 (29.8, 32.3) 36.3 (35.2, 37.6) 42.3 (40.6, 43.9) �.001
Age, y 61.0 (54.0, 66.0) 49.5 (38.0, 64.0) 50.5 (40.0, 62.0) �.001
Weight, kg 61.0 (56.4, 68.0) 58.1 (52.0, 67.0) 67.5 (60.0, 73.6) �.001
BMI, kg/m2 25.7 (23.6, 27.9) 23.1 (21.2, 25.3) 23.3 (21.7, 25.2) �.001
Waist circumference, cm 84 (78, 88) 77 (73, 87) 84 (78, 89) �.001
SBP, mm Hg 126 (116, 135) 119.5 (109, 132) 124 (114, 133) .005
DBP, mm Hg 79.3 � 10.1 75.75 � 10.9 81.47 � 9.9 �.001
Glucose, mmol/L 4.3 (3.8, 4.9) 4.1 (3.5, 4.7) 4.1 (3.7, 4.7) .154
Total cholesterol, mmol/L 4.1 � 0.9 3.8 � 0.9 3.8 � 1.0 .005
Triglyceride, mmol/L 1.0 (0.7, 1.2) 0.8 (0.6, 1.2) 0.8 (0.5, 1.3) .395
HDL cholesterol, mmol/L 1.1 (0.9, 1.3) 1.0 (0.9, 1.3) 1.0 (0.9, 1.3) .372
LDL cholesterol, mmol/L 2.5 � 0.8 2.3 � 0.7 2.2 � 0.8 �.001
hsCRP, mg/L 0.5 (0.3, 1.0) 0.4 (0.2, 0.9) 0.4 (0.2, 0.9) .119
Mean PWV, cm/sec 1424 (1209, 1580) 1258 (1116, 1449) 1337 (1201, 1506) .001
VFA, cm2 126.9 (99.5, 168.8) 95.2 (63.8, 149.2) 113.0 (70.6, 147.8) �.001
SCFA, cm2 242.8 (205.8, 297.0) 176.7 (141.6, 202.4) 125.0 (98.3, 154.0) �.001
TFA, cm2 383.0 (320.5, 437.7) 277.5 (229.0, 344.2) 238.6 (190.1, 300.7) �.001
ASM, kg 16.6 (15.6, 18.7) 18.5 (16.8, 21.4) 25.1 (22.2, 27.3) �.001
ASM/height2, kg/m2 6.8 (6.1, 7.6) 7.3 (6.6, 8.2) 8.9 (8.1, 9.6) �0.001
Irisin, Adipogen, ng/mL 939.7 (761.3, 1128.6) 1007.6 (770.1, 1216.9) 1029.2 (770.1, 1211.3) .303
Irisin, Aviscera, ng/mL 116.2 (94.0, 137.3) 119.1 (99.2, 144.8) 124.2 (110.4, 144.4) .357
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studies to evaluate the role of irisin on browning of
WAT or BAT in humans are warranted.

Physical inactivity and muscle disuse leads to loss of
muscle mass (sarcopenia) and the accumulation of visceral
adipose tissue, which in turn promotes the development of
insulin resistance, type 2 diabetes, and atherosclerosis (32,
33). Bostrom et al (6) showed that endurance training for
10 weeks caused increases in mRNA levels of FNDC5 in
skeletal muscle and circulating irisin levels in obese indi-
viduals. However, five exercise intervention studies did
not confirm long-term exercise-induced increase in circu-
lating irisin levels (9–13). In healthy women, circulating
irisin levels had positive associations with biceps circum-
ference (used as a surrogate marker of muscle mass) (9).
Stengel et al (34) showed that circulating irisin concentra-
tions were positively correlated with fat-free mass using a
bioelectrical impedance analyzer. However, these studies
included relatively small numbers of Caucasian subjects
and did not use clinical criteria to identify sarcopenia.
Moreover, although bioelectrical impedance analyzer is a
quick, noninvasive method for measuring body composi-
tion, its reliability has been called into question according
to individual’s hydration status, ethnicity, physical fitness,
and age (35). In the present study, which included rela-
tively large number of Asian subjects and the standard
definition of sarcopenia measured by DXA, which is the
current gold standard method for the measurement of
muscle mass, there was no significant difference in serum
irisin levels between subjects with and without sarcopenia.
Moreover, SMMI was not significantly associated with
circulating irisin levels measured using two kinds of ELISA
kits.

Irisin concentrations have been reported to be lower in
patients with type 2 diabetes compared with normal con-
trols (23, 25). Moreno-Navarrete et al (23) reported de-
creased FNDC5 expression in adipose tissue and muscle
from obese and type 2 diabetic subjects. Furthermore,
Kurdiova et al (11) found that FNDC5 in adipose tissue
and plasma irisin levels were reduced in patients with type
2 diabetes. In agreement with those results, a multiple
regression analysis showed that fasting plasma glucose
levels were associated with irisin levels in the present
study, although we excluded subjects with type 2 diabetes.
In addition, circulating irisin concentrations were nega-
tively correlated with total cholesterol levels in this study.
Huh et al (9) also found that circulating irisin levels were
inversely correlated with total and HDL cholesterol. On
the other hand, Choi et al (25) showed that serum irisin
was significantly negatively correlated with 2-hour
plasma glucose, HbA1c, and triglycerides. However, Park
et al (36) reported that irisin concentrations were posi-
tively associated with components of metabolic syndrome

including fasting plasma glucose and triglycerides. Dis-
crepancies in relationship between circulating irisin levels
and metabolic parameters may need additional research
using fully validated assays.

There are some limitations to this study. First, because
it was a cross-sectional study, no causality could be iden-
tified. Second, we enrolled only relatively healthy Asian
men and women, so the results of the current study should
be further evaluated in other ethnic populations. Last,
ELISA kits used in this study showed only a weak corre-
lation and considerable difference in absolute values. Ad-
ditional research for comparison and validation of com-
mercial irisin ELISA kits is warranted. However, the two
assays used herein, including the previously validated
Aviscera kit, which has been applied in most previous
studies and suggested as an appropriate ELISA method
(37), showed the same primary outcomes in our study.

In conclusion, the present study demonstrated that cir-
culating irisin concentrations were not different in indi-
viduals with BAT or with sarcopenia compared with con-
trol subjects. Furthermore, SMMI measured using DXA
were not associated with irisin levels in Asian men and
women. Further studies might be needed to explore the
role of irisin on human body composition and metabolic
phenotypes.
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