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Abstract: Irisin, a novel exercise-induced myokine, has been

suggested to regulate energy homeostasis and insulin sensitivity. How-

ever, it remains unclear whether circulating irisin plays a role in the

development of DM in human. We investigated the possible association

between circulating irisin levels and incident DM in a 2.6-year longi-

tudinal study of a population-based cohort comprised of rural Korean

subjects.

We conducted a longitudinal study within the Korean Genome and

Epidemiology Study on Atherosclerosis Risk of Rural Areas in the

Korean General Population (KoGES-ARIRANG) study from November

2005 to January 2008. Cases (n¼85) were patients with incident DM

during the follow-up period and controls (n¼ 85) were matched to

incident DM cases based on sex and age at baseline. The relative risk of

serum irisin/adiponectin level for incident DM was analyzed using

conditional logistic regression analysis.

Baseline irisin_ENREF_1 levels were significantly higher in sub-

jects who developed DM than in subjects who did not. The serum irisin

level was positively associated with glycated hemoglobin (HbA1c) and

postprandial glucose. Irisin was negatively associated with adiponectin

(R¼ –0.189, P¼ 0.014). After adjustment for potential confounders,

including body mass index, the odds ratios [95% confidence intervals]

for incident DM increased in a graded manner as the serum irisin level

increased (Quartile 1 vs Quartile 2 vs Quartile 3 vs Quartile 4¼ 1 vs 0.80

[0.28–2.35] vs 3.33 [1.11–10.00] vs 4.10 [1.35–12.44], respectively),

whereas the odds ratios for incident DM decreased in a graded manner

as the serum adiponectin level increased.

High serum irisin was independently associated with the develop-

ment of DM, indicating that irisin may be a useful predictor of DM in
MD, PhD, Jung H
Choon Hee Chung, MD, PhD

Abbreviations: BMI = body mass index, DM = diabetes mellitus,

HDL = low density lipoprotein, HOMA-IR = Homeostasis model

assessment of insulin resistance, LDL = low density lipoprotein,

PGC1 a = peroxisome proliferator-activated receptor-g coactivator

1a, TG = Triglyceride.

INTRODUCTION

T here is increasing evidence that skeletal muscle acts as a
secretory organ. During or immediately after physical

activity, skeletal muscles release a variety of cytokines, termed
myokines, which mediate the beneficial effects of exercise on
metabolism.1 Bostrom et al reported that irisin is a muscle-
derived factor secreted from muscle after shedding of the
extracellular portion of the type I membrane protein fibronectin
type III domain-containing protein 5 precursor gene.2 After its
release, irisin signals adipose tissue to become more similar to
brown-like adipocytes using a pathway involving peroxisome
proliferator-activated receptor-g coactivator 1a (PGC1 a). The
proposed beneficial effects include the browning of white
adipose tissue and increased thermogenesis, which promotes
insulin sensitivity, body weight, and glucose tolerance in
mice.2,3 Irisin has been proposed to improve glucose homeo-
stasis by increasing fatty acid oxidation and utilizing glucose
via the AMPK signaling pathway in diabetic mice.4

Although several in vitro and in vivo studies have demon-
strated the benefits of irisin on glucose homeostasis and body
weight, there has been controversy regarding the role of irisin on
glucose/energy homeostasis in humans. Park et al reported that
irisin is associated with a higher risk of metabolic syndrome and
cardiovascular disease in humans, indicating either increased
secretion by muscle tissue and/or a compensatory increase in
irisin to overcome underlying irisin resistance in metabolically
unhealthy subjects.5 Furthermore, 1 study suggested that irisin
is inversely associated with the insulin sensitivity index in
human, suggesting increased release by adipose/muscle tissue
in response to deterioration of insulin sensitivity, whereas other
recent studies also have demonstrated that serum irisin levels
were lower in patients with type 2 diabetes mellitus (DM)
compared with nondiabetic patients.6,7 However, almost all
these studies were cross-sectional and could not address the
cause-effect relationship between serum irisin and DM. In
addition, there is evidence that circulating irisin levels are
involved in the development of DM in adults.

In the present study, we investigated the prospective
association between serum irisin levels and incident DM in a
2.6-year follow-up study involving a population-based cohort
comprising relatively healthy Korean subjects. We also
dels the associations between the same
ectin, an established biomarker of lower
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METHODS

Study Participants
We analyzed the data obtained from the Korean Genome and

Epidemiology Study on Atherosclerosis Risk of Rural Areas in
the Korean General Population (KoGES-ARIRANG), a com-
munity-based prospective cohort study, which is supported by the
Korea National Institute of Health. The aim of KoGES-ARIR-
ANG was to investigate the genetic and environmental etiology of
metabolic disorders (i.e., DM, hypertension, obesity, metabolic
syndrome, and cardiovascular disease) and to develop compre-
hensive and applicable health care guidelines for common meta-
bolic disorders in Korean rural adults.8,9 This cohort consists of
relatively healthy adults aged 40 to 70 years at baseline in rural
areas of Wonju and Pyengchang in South Korea. The baseline
examination was carried out from November 2005 to January
2008, including 5178 participants (2127 men and 3051 women).
All study participants were invited to the first follow-up survey
(April 2008 to January 2011) and 3862 (74.6%) attended. In the
present study, we excluded patients with a history of previous
antidiabetic medication usage and those with newly detected DM
at baseline (N¼ 362). Finally, 3500 participants were enrolled in
this study. In our study, incident DM was defined as a fasting
glucose concentration �126 mg/dL or HbA1c � 6.5% or taking
antidiabetic medication during the follow-up period based on the
World Health Organization criteria.10 During the mean 2.6-year
follow-up period, 85 incident DM cases were confirmed. A total
of 85 subjects were selected from the same cohort of patients who
did not develop DM. These nonincident DM subjects were
matched to each incident DM individuals by age and sex. All
study subjects were informed that they had been randomly chosen
to participate in this cohort study with the right to refuse involve-
ment in further analyses, and they signed informed consents. The
present study was approved by the institutional review board of
the Yonsei University, Wonju College of Medicine (CR105024–
026), and this study was carried out in accordance with the ethical
standards of the Helsinki Declaration.

Data Collection
All study participants completed a medical history including

medication use and lifestyle factors and underwent a compre-
hensive health examination according to a site visit schedule.
Body weight and height were measured using standardized
techniques and equipment. Skeletal muscle mass and fat mass
were measured using multifrequency BIA (In-Body 720; Bio-
space, Seoul, Korea). Blood pressure was measured on 2
occasions, 5 min apart using a standard mercury sphygmoman-
ometer (Baumanometer, Copiague, NY). Baseline information on
smoking status and current alcohol intake was collected with a
self-reported questionnaire (yes/no). Subjects who answered yes
to the question: ‘‘Do you regularly perform physical exercise that
makes you sweat?’’ were assigned to the regular exercise group.
After fasting for �12 hours or overnight, venous blood samples
were drawn from study participants. Irisin was measured by
colorimetric ELISA (EK-067–52; Phoenix Pharmaceuticals)
with intra-assay and inter-assay coefficients of variation< 10%
and <15%, respectively. The serum concentrations of adiponec-
tin were measured by radioimmunoassay (RIA) (LINCO
Research, Inc.,) with intra-assay and inter-assay coefficients of
variation ranging from 2.9 to 6.6% for adiponectin. Fasting
glucose was measured by a glucose oxidase-based assay and
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fasting insulin was measured by a double-antibody radioimmuno-
assay (Biosource Europe SA, Nivelles, Belgium). The plasma
concentrations of lipid profile, and liver eynzyme were measured
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using enzymatic methods (Advia 1650, Siemens, Tarrytown,
NY). High sensitivity C-reactive protein (hsCRP) was determined
by the Denka Seiken (Tokyo, Japan) assay. Homeostasis model
assessment of insulin resistance (HOMA-IR) was calculated as
fasting plasma glucose (milligrams per deciliter)� fasting insulin
(milli-international units per milliliter))/22.5.11 The skeletal
muscle index was calculated using the bioelectrical impedance
analysis equation of Janssen et al.12

Statistical Analyses
All statistical analyses were performed with PASW stat-

istics software (version 20.0; SPSS Inc., Chicago, IL). Con-
tinuous variables between 2 groups were compared using the
independent t-test and Mann–Whitney U test. Categorical
variables are expressed as frequencies with percentages, and
compared using the chi-square test or Fisher exact test, as
appropriate. Associations between irisin and baseline metabolic
parameters were evaluated using Pearson correlation analysis.
As the irisin values were not normally distributed, it was
logarithmically transformed in correlation analysis. A con-
ditional logistic regression was used to estimate the odds ratio
(OR) for incident DM with subjects in the lowest quartiles of
irisin and adiponectin as the reference category. Multivariable
models were developed by individually adding covariates to the
model. Because cases and controls were matched, their median
values, proportions, and all risk estimates should be interpreted
as adjusted for the matching factors (age and sex). Results were
expressed as ORs with 95% confidence intervals (CI). P-values
<0.05 were considered statistically significant.

RESULTS

Participants Characteristics
The baseline characteristics of participants based on of the

incident DM over a 2.6-year period are shown in Table 1. The
incidence of DM during this period was 2.43 % (N¼ 85).
Because the 2 groups were initially matched by age and sex,
there were no differences in age and sex between the 2 groups.
Subjects who developed DM had higher baseline BMI, HbA1c,
fasting glucose, HOMA-IR, and TG than those who did not. The
skeletal muscle index was lower in incident DM group com-
pared with those in the nonincident DM group. Serum irisin
levels were higher in the incident DM group, whereas adipo-
nectin levels were lower in the incident DM group.

Association Between Irisin and Metabolic
Parameters

We performed correlation analysis results between irisin
and metabolic parameters at baseline (Table 2). The irisin levels
were positively associated with HbA1c, and postprandial (2
hour) glucose. There was a significantly negative association
between irisin and adiponectin (R¼ –0.189, P¼ 0.014). The
significant negative association between irisin and adiponectin
still remained even after adjustment for age and gender (partial
correlation coefficient: �0.241, P¼ 0.002). There was no sig-
nificant association between irisin and body composition
indices such as BMI, waist circumference skeletal muscle
index, and total fat mass.

The Risk for Incident DM According to the

Medicine � Volume 95, Number 23, June 2016
Baseline Irisin Level
The risk of incident DM according to irisin and adiponectin

quartiles is shown in Table 3. Higher concentrations of serum
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TABLE 1. Baseline Characteristics of the Subjects

Variables Incident Diabetes (–) (n¼ 85) Incident Diabetes (þ) (n¼ 85) P Value

Age, y 57.55 58.51 0.482
Gender (male, %) 32 (37.6%) 32 (37.6%) 0.563
Height, cm 157.12� 7.96 158.09 0.404
Weight, kg 60.6� 9.41 65.61� 8.29 <0.001
BMI, kg/m2 24.52� 3.29 26.27� 3.12 <0.001
Waist circumference, cm 84.06� 8.84 87.77� 8.61 0.006
Skeletal muscle index,

�
% 65.07� 6.82 62.56� 6.36 0.015

Skeletal muscle mass, kg 39.41� 6.63 40.98� 6.32 0.118
Fat mass, % 29.97� 10.34 31.53� 6.54 0.242
Fat mass, kg 17.81� 5.53 20.85� 5.43 <0.001
HbA1c, % 5.46� 0.32 5.96� 0.31 <0.001
Fasting glucose, mg/dL 90.58� 9.24 101.25� 9.65 <0.001
2 hour glucose, mg/dL 132.15� 44.19 173.86� 47.20 <0.001
HOMA-IR 1.62� 0.66 2.28� 1.06 <0.001
HOMA-b, % 101.53� 36.82 83.64� 55.11 0.274
Total cholesterol, mg/dL 205.38� 35.19 214.54� 37.97 0.105
Triglyceride, mg/dL 153.92� 106.04 198.08� 176.77 0.05
HDL cholesterol, mg/dL 46.20� 10.17 45.29� 9.14 0.542
LDL cholesterol, mg/dL 121.08� 31.99 127.16� 35.24 0.240
Regular exercise, % 18 (21.2%) 22 (25.9%) 0.470
Smoking 0.424
�20 pyrs 60 (70.6%) 63 (75.9%)
>20 pyrs (ex-smoker) 10 (11.8%) 5 (6%)
>20 pyrs (current smoker) 15 (17.6%) 15 (18.1%)

Family Hx of DM (%) 6 (9.1%) 13 (17.1%) 0.376
Hypertension, % 17 (20%) 32 (37.6%) 0.037
hsCRP, mg/L 2.85� 7.39 2.63� 4.95 0.821
Daily energy intake, kcal 1635.25� 497.37 1741.46� 584.20 0.207
Leptin, ng/mL 6.95� 9.77 8.20� 5.38 0.306
Adiponectin, mg/mL 11.95� 5.91 9.13� 5.00 0.001
Irisin, mg/mL 1.456 [1.116–2.182] 2.378 [1.378–3.090] <0.001

Data presented mean� standard deviation for continuous variables with normal distribution and presented as median [IQR] for continuous variables
with non-normal distribution.

BMI¼ body mass index; DM¼ diabetes mellitus; HbA1c¼ glycated hemoglobin; HDL¼ high-density lipoprotein; HOMA-IR¼ homeostasis
model assessment of insulin resistance; hsCRP¼ high-sensitivity C-reactive protein; LDL¼ low-density lipoprotein; RASM¼ relative appendicular

0) u
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irisin at baseline were positively and significantly associated in
a level-dependent manner with the development of DM in both
crude and adjusted conditional logistic regression models
(Table 3A). After adjustment for baseline BMI, smoking status,
regular exercise, hypertension, family history of DM and
HOMA-IR, the ORs for incident DM increased gradually as
the irisin level increased. This trend remained statistically
significant even after further adjustment of baseline TG and
HbA1c. On the other hand, serum levels of adiponectin were
negatively associated with the odds of incident DM (Table 3B).

DISCUSSION
In this population-based prospective study, we demon-

strated that higher circulating irisin levels are associated with
the development of DM during a 2.6-year period. Furthermore,
the circulating irisin levels were an independent predictor for
incident DM, regardless of BMI and systemic insulin resistance.

skeletal muscle mass.�
Skeletal muscle index: (%; total muscle mass[kg]/weight [kg]� 10
Our study also replicated well-known negative associations
between adiponectin and incident DM. To the best of our
knowledge, it is the first prospective study to show a

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
relationship between irisin and incident DM. Our results suggest
that irisin itself may increase the risk of diabetes and that
circulating irisin levels might be applied as a simple clinical
predictor for incident DM.

Irisin is a hormone that has been proposed to play a
significant role in energy homeostasis and obesity.13–15 Irisin
exerts beneficial effects on overall metabolism by inducing the
browning of white adipocytes. Moreover, some studies have
revealed an additional role of irisin in glucose homeostasis,
increasing the expression of glucose transporter 4 and mito-
chondrial biogenesis.16,17 However, despite the expectation that
irisin has potential benefits in regulating body weight, insulin
sensitivity, and glucose homeostasis, studies in humans have led
to conflicting results. In addition, the role of irisin in DM
development remains to be clarified. Several cross-sectional
design studies found a significantly lower level of circulating
irisin in type 2 diabetes patients compared to nondiabetic

sing BIA.
controls. However, because above previous studies were per-
formed cross-sectional design, they could not establish a cause-
effect relationship between irisin and DM. Moreover, they did
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TABLE 2. Association Between Baseline Anthropometric,
Metabolic Parameters, and Irisin

R P Value

Age, y 0.066 0.391
BMI, kg/m2 0.136 0.076
Waist circumference, cm 0.055 0.477
Skeletal muscle index, % 0.057 0.460
Fat mass (kg, %) 0.111 0.152
Systolic BP, mm Hg 0.139 0.070
Diastolic BP, mm Hg 0.141 0.068
Adiponectin, mg/mL –0.189 0.014
hsCRP, mg/L –0.045 0.561
HbA1c, % 0.201 0.009
Fasting glucose, mg/dL 0.104 0.175
2 hour glucose, mg/dL 0.321 <0.001
Fasting insulin, mIU/mL –0.015 0.845
2 hour insulin, mIU/mL –0.064 0.408
HOMA-IR 0.002 0.975
Total cholesterol, mg/dL –0.147 0.056
LDL cholesterol, mg/dL –0.086 0.265
Triglyceride, mg/dL –0.027 0.723
HDL, mg/dL 0.017 0.828

BMI¼ body mass index; HbA1c¼ glycated hemoglobin;
HDL¼ high-density lipoprotein; hsCRP¼ high-sensitivity C-reactive

Huh et al
not take into account other potential confounders such as
baseline insulin resistance status (reflected by HOMA-IR)

protein; HOMA-IR¼ homeostasis model assessment of insulin resist-
ance; LDL¼ low-density lipoprotein; R¼Pearson correlation coeffi-
cient.
and physical activity status, so they could not clarify the
independent impact of irisin on incident DM. Thus, we aimed
to assess whether irisin contributes to the development of DM

TABLE 3. Conditional Logistic Regression Analysis of Baseline Iris
Diabetes

Odds

Quartile 1 Quartile 2

(A) Irisin
Serum irisin, mg/mL <1.225 1.225–1.642
Incident DM case (%) 14 (33.3%) 16 (37.2%)
Model 1 1.00 1.16 (0.49–2.75)
Model 2 1.00 0.88 (0.32–2.38)
Model 3 1.00 0.80 (0.28–2.35)
(B) Adiponectin
Serum adiponectin, mg/mL <6.023 6.023–9.959
Incident DM case (%) 30 (71.4%) 21 (48.8%)
Model 1 1.00 0.38

�
(0.16–0.94)

Model 2 1.00 0.36
�

(0.14–0.91)
Model 3 1.00 0.39 (0.15–1.01)

Model I: no adjustment.
Model II: adjusted for baseline BMI, smoking, regular exercise, hyperte
Model III: model II þ baseline triglyceride and HbA1c.�

P< 0.05.
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independently of individual lifestyle status and insulin resist-
ance in Korean adults.

In this study, we provide the first evidence that baseline
irisin levels are significantly higher in subjects who progressed
to DM at 2.6 years compared with subjects who did not. This
observed link between higher circulating irisin levels and
incident DM can be explained by several mechanisms.
Increased baseline secretion of irisin in participants who devel-
oped DM may be the result of a compensatory increase in irisin
levels in response to insulin resistance and obesity, similarly to
leptin resistance in obesity and metabolic disorders. A recent
study reported that under certain conditions of elevated oxi-
dative stress, inflammation, and high levels of free fatty acids,
such as in obesity, metabolic syndrome or DM, the expression
of PGC1-a in muscle could be stimulated increasing fibronectin
type III domain-containing protein 5 and subsequently irisin
levels, which stimulate the production of brown adipocytes,
increasing UCP1 expression and thermogenesis and decreasing
insulin resistance.18 From this background, our results suggest
that, similar to the elevated insulin and leptin levels in insulin
and leptin resistance associated with obesity and metabolic
abnormalities, circulating irisin levels were also elevated,
and irisin may play a compensatory role with respect to
regulating energy expenditure and glucose metabolism in obese
and/or glucose intolerance status. Similarly, although our
results were adjusted for baseline BMI, HOMA-IR and fasting
glucose level in the final analysis, the BMI, HOMA-IR, and
fasting glucose levels were higher in participants who devel-
oped DM in our study. Furthermore, we also demonstrated that
baseline circulating irisin levels were positively correlated with
blood pressure and BMI as well as with glucose parameters.
These findings support the hypothesis of ‘‘irisin resistance’’
regarding a compensatory increase in the secretion of irisin in

Medicine � Volume 95, Number 23, June 2016
the case of obesity and insulin resistance. However, in our
study, we found that the significance of the association between
higher baseline irisin levels and incident DM remained

in and Adiponectin Level for Developing New-Onset Type 2

Ratio (95% CI)

Quartile 3 Quartile 4 P for Trend

1.643–2.763 �2.764 <0.001
26 (61.9%) 29 (67.4%) <0.001

3.52 (1.32–9.36)
�

4.64 (1.63–13.24)
�

<0.001
2.94 (1.09–7.96)

�
4.28 (1.57–11.68)

�
<0.001

3.33 (1.11–10.00)
�

4.10 (1.35–12.44)
�

<0.001

9.960–13.749 �13.750 <0.001
19 (44.2%) 15 (35.7%) <0.001

0.32
�

(0.13–0.78) 0.22
�

(0.09–0.56) <0.001
0.35
�

(0.13–0.92) 0.24
�

(0.09–0.64) <0.001
0.36
�

(0.13 -0.97) 0.31
�

(0.12–0.85) <0.001

nsion, family history of DM, and HOMA-IR.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



unchanged even after adjustment of the obesity index assessed
by BMI and insulin resistance status assessed by HOMA-IR.
Thus, other potential mechanisms supporting this independent
relationship should be elucidated by further mechanistic studies.

Interestingly, our study clearly demonstrated that the risk of
incident DM increased in a graded manner as the serum irisin level
increased. Our results also demonstrated that baseline circulating
irisin levels are significantly positively correlated with metabolic
parameters. Our results are in line with those of previous studies
that have reported a positive association between irisin and BMI,
fasting glucose, and blood pressure.19,20 These findings further
support the notion that elevation in circulating irisin levels occurs
with impaired glucose tolerance status or insulin resistance status,
well before the diagnosis of DM. From these findings, we suggest
that the circulating irisin level can be a good predictor of the
development of DM in individuals. Because measuring irisin
levels is simple, irisin can be used as a marker for predicting the
presence of insulin resistance and incident DM. Irisin can also be
applied in clinical practices to predict and prevent metabolic
disorders in addition to DM.

The major strength of our study is that it is the first
prospective study that extensively investigated the potential
role of irisin in the pathogenesis of DM. The other strength of
this study is that it provided validity in terms of the method-
ology used here by replicating expected associations between
adiponectin and incident DM. We replicated the finding that
higher adiponectin levels are correlated with a decreased risk of
incident DM, consistent with previous studies.21,22 Our study
also has internal validity, as both the cases and controls were
derived from the same cohort, eliminating selection bias. How-
ever, this study had several limitations. First, this study included
a relatively small sample size (n¼ 170). In addition, because the
follow-up period of our cohort was too short, the number of
incident DM cases was too small (n¼ 85). Therefore, we could
not analyze data in a large sample. Second, we did not measure
other cytokines, such as IL-6 and TNF-a, which may be related
to serum irisin. Third, because we did not measure appendicular
skeletal muscle using dual energy absorptiometry, we could not
clearly provide information for the association between circu-
lating irisin levels and body composition. Fourth, in defining
incident DM, we did not use results of 75 g oral glucose
tolerance test. Finally, because our study participants were rural
Korean adults, our results may not be applied to other ethnic
groups. Future studies with larger sample sizes and examining
irisin in various conditions and populations will be needed.

Our study is the first longitudinal design study to investigate
the association between higher circulating irisin levels and devel-
opment of DM in a relatively healthy rural population. The results
of this study demonstrate that irisin itself is associated with
incident DM, independently of insulin resistance, physical
activity, and BMI. These results suggest that irisin may play a
possible role in the regulation of glucose metabolism. In addition,
we also presented evidence that circulating the irisin level may be a
predictive marker for high risk of DM. Further studies with larger
sample sizes in various conditions and populations are warranted
to elucidate the mechanism for the role of irisin in incident DM.
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