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Relationships between serum irisin levels and metabolic
parameters in Japanese patients with obesity
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Summary

Background/Purpose

Irisin is a skeletal muscle myokine that causes the brown coloration of white fat, pro-
motes fat burning, inhibits weight gain and may be useful for treatment of obesity. Irisin
is also related to glucose/lipid metabolism and may prevent onset of diabetes, but a con-
sensus on irisin secretion has not been reached. The purpose of this study was to deter-
mine the relationships between serum irisin levels and physical factors in untreated
Japanese men and women with obesity.

Methods

The subjects were 66 untreated patients with obesity (body mass index ≥30 kgm�2) who
visited our obesity clinic. The subjects included 19 men and 47 women with a mean age
of 45.7 ± 13.4 years, mean body weight of 93.8 ± 17.6 kg, and mean body mass index of
36.5 ± 4.7 kgm�2. At the initial visit, blood sampling was performed, body composition
was evaluated using dual energy X-ray absorptiometry, and exercise tolerance was de-
termined in a cardiopulmonary exercise test. Homeostasis model of assessment – insulin
resistance (HOMA-IR), an index of insulin resistance, and the serum level of irisin were
measured.

Results

In men, serum irisin was positively correlated with fasting blood glucose (r = 0.491,
P< 0.05), immunoreactive insulin (r = 0.536, P< 0.05), HOMA-IR (r = 0.635, P< 0.01),
body weight (r = 0.491, P< 0.05), lean body mass of the trunk (r = 0.579, P< 0.05) and
whole lean body mass (r = 0.489, P< 0.05). In women, serum irisin was positively corre-
lated with immunoreactive insulin (r = 0.502, P< 0.01) and HOMA-IR (r = 0.385, P< 0.01).
In both sexes, HOMA-IR was an independent variable associated with obesity (men:
β = 0.635, R2 = 0.369, P< 0.01; women: β = 0.385, R2 = 0.129, P< 0.01).

Conclusion

The serum level of irisin was positively correlated with HOMA-IR in Japanese patients
with obesity of both sexes. This suggests that compensatory enhancement of irisin
secretion may occur in response to insulin resistance.

Keywords: body composition, insulin resistance, irisin, lean muscle mass, obesity.
Introduction

Recent studies have shown that skeletal muscle is not
simply a motile organ, but produces physiological active
substances that are referred to as myokines (1–26).
Myokines act on skeletal muscle and perimuscular tissue
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through auto- or parasecretory mechanisms, and also act
endocrinologically on remote organs such as adipose
tissue. Thus, skeletal muscle is involved in both
muscle/bone metabolism and glucose/lipid metabolism.

Irisin is a myokine that causes brown coloration of
white fat, promotes fat burning and inhibits weight gain.
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Irisin is associated with glucose/lipid metabolism
(2,4,6,7,10,13,14,17,18) and may prevent obesity and on-
set of diabetes (3). A decrease in skeletal muscle volume
is a factor in insulin resistance (27,28), and irisin is related
more strongly to insulin resistance than other myokines.
Irisin is also related to metabolic parameters and may be
useful for obesity treatment (2,3), based on a proposed
hypothesis for the anti-obesity effect of irisin (4). How-
ever, a consensus regarding irisin secretion has not been
reached (5).

The serum irisin level decreases with age (4,5,9), and
many studies have examined the relationship between
body mass index (BMI) and irisin. However, these findings
have included a negative correlation (6,10–12), a positive
correlation (7,13–15) and no correlation (2,4,16). Thus, a
consensus has not been reached. Huh et al. reported a
decrease in irisin in patients with obesity with marked
weight loss after gastrectomy (4), and Crujeiras and
Huerta et al. also showed that the compensatory increase
in irisin in patients with obesity was reversed with weight
loss (15,24). These reports suggest an anti-obesity effect
of irisin and the irisin level in patients with obesity
increases to maintain metabolic homeostasis (4,15,24).

Kurdiova et al. found lower serum irisin in men with
obesity than in non-obese men, and increased expres-
sion of fibronectin type III domain-containing protein 5
(FNDC5) mRNA (the precursor of irisin) in skeletal muscle
and fat in obese men, which suggests that irisin secretion
in this tissue is promoted in response to obesity (2).
Rivada et al. found expression of FNDC5 mRNA in white
fat and involvement of adiponectin in fat in irisin regula-
tion in obesity (8). Liu et al. also showed that the irisin level
was high in patients with non-diabetic obesity and lower
in those with type 2 diabetes mellitus, which suggests
that regulation of irisin secretion may differ between pa-
tients with and without diabetes. In addition, a mecha-
nism in which compensatory irisin secretion is promoted
in response to a reduction in glucose/lipid metabolism in
patients with non-diabetic obesity has been reported
(2,6,7). These studies indicate the complexity of the irisin
secretory response, and especially, the feedback mecha-
nisms in tissue other than skeletal muscle. Furthermore,
no study has examined the relationship between irisin
Table 1 Demographics and lifestyle factors of male and female subjects

Variable Male

N (%) 19 (2
Smoking status (n, %) current/past/never 2 (1
Alcohol (n, %) every day/often/none 4 (2
Medication (n, %) Hypertensive drug/anti-diabetic drug/insulin 5 (2

aP values by t-test
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and metabolic parameters in Japanese patients with
obesity.

In seeking a treatment for obesity, improving the
HOMA-IR score for assessment of insulin resistance
may be helpful as the first priority for patients with obesity
who do not have severe disease. Therefore, we have fo-
cused on irisin metabolism and the relationship between
irisin and HOMA-IR. In this study, we investigated the re-
lationships between serum irisin levels and physical fac-
tors in untreated men and women with obesity to
examine the mechanisms regulating irisin secretion, based
on the hypothesis that HOMA-IR is an important factor in
irisin secretion in patients with obesity without diabetes.

Methods

Subjects and protocol

The subjects were 66 untreated patients with obesity
(BMI ≥30 kgm�2) who visited the obesity clinic in our uni-
versity hospital between 2013 and 2014. The subjects in-
cluded 19 men and 47 women, and had a mean age of
45.7 ± 13.4 years, a mean body weight of 93.8 ± 17.6 kg
and a mean BMI of 36.5 ± 4.7 kgm�2. We excluded
patients taking anti-diabetic drugs, insulin, or drugs for
obesity (Table 1). This study was conducted according
to the Ethics Regulations of Kansai Medical University.
After explaining the purpose, contents and precautions
of the study to all subjects, written informed consent re-
garding study participation was obtained (Approval no.
H130181, date of approval: March 26, 2014).

At the initial consultation, height, body weight, body
composition, visceral/subcutaneous fat area on CT, exer-
cise tolerance, muscle strength of the lower limbs and
haematological parameters were measured. Associations
between these measurements and serum irisin levels
were investigated in each sex.

Body composition and skeletal muscle index

Body composition (fat mass and lean body mass) was
measured using dual energy X-ray absorptiometry (DXA)
(DPX-NT, GE Healthcare Corp., Buckinghamshire, UK).
Female P value a

8.8) 47 (71.2)
0.5)/5 (26.3)/21 (63.2) 4 (8.5)/4 (8.5)/39 (83.0) 0.214
1.1)/3 (15.8)/12 (63.2) 4 (8.5)/14 (29.8)/29 (61.7) 0.244
6.3)/0/0 4 (8.5)/0/0 0.023
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For skeletal muscle parameters, the body weight-corrected
value (%) of the total lean body mass (kg) on X-ray absorp-
tiometry and the height-corrected value (skeletal muscle in-
dex [SMI], kgm�2) of the lean body mass of the limbs (kg)
were used.

Measurement of lower limb muscle strength

Lower limb muscle strength was measured twice based
on the uniform rotation leg strength using a recumbent er-
gometer (Strength Ergo, Mitsubishi Electric Corp., Tokyo,
Japan). The maximum value was recorded and values
were corrected using the body weight (Nm/kg).

Cardiopulmonary exercise test

A symptomatic limited cardiopulmonary exercise test was
conducted using a bicycle ergometer (232C-XL, Combi
Corp., Tokyo, Japan). Expired gas analysis was per-
formed using the breath-by-breath method (AE-300,
Minato Medical Science Co., Ltd., Osaka, Japan). The an-
aerobic threshold was determined using the V-slope
method (29). Peak oxygen uptake (peak VO2) was mea-
sured as the highest level under load.

Serum irisin

Blood was collected after fasting for measurements of pe-
ripheral and biochemical data and myokines. Blood sam-
ples were centrifuged at 4 °C and 3,000 rpm for 10min and
placed in a container for serum storage at �80 °C until an
enzyme-linked immunosorbent assay for serum irisin (Irisin
Kit, EX-067-29, Phoenix Pharmaceuticals, Burlingame, CA,
USA) was performed with use of a Powerscan HT plate
reader (DS Pharma Biomedical Co., Ltd., Osaka, Japan).

Haematological parameters

We used an automatic analyzer (ADAMS Glucose GA-
1170, ARKRAY, Inc., Kyoto, Japan) for glucose analysis,
and HLC-723®G7, an automatic glycohemoglobin ana-
lyzer (Tosoh Bioscience Corp., Tokyo, Japan) for mea-
surement of HbA1c. HOMA-IR, an index of insulin
resistance, was calculated based on the blood insulin
level after fasting early in the morning (immunoreactive in-
sulin [IRI]) and the fasting blood sugar (FBS) level, using
the formula: HOMA-IR= (IRI × FBS)/405.

Statistical analysis

Values are expressed as mean± standard deviation. Re-
sults were compared between two groups by chi-square
test and independent t-test. Associations among
© 2016 The Authors. Obesity Science & Practice published by John Wiley
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parameters were evaluated using Pearson or Spearman
correlation coefficients. For multivariate analysis, factors
with a high variance inflation factor were excluded from
parameters with significant differences in simple correla-
tion, and stepwise multiple linear regression analysis
was performed using fat and skeletal muscle parameters
as independent variables and age as an adjustment fac-
tor. All analyses were performed using SPSS version 21
(IBM Corp., New York, USA) for Windows. A P value of
0.05 was regarded as significant.

Results

Patient characteristics

The patient background is shown in Table 1. The 66 sub-
jects with obesity including 19 men (age: 47.9
± 14.0 years, BMI: 37.6 ± 4.6 kgm�2) and 47 women
(age: 44.8 ± 13.2 years, BMI: 36.0 ± 4.8 kgm�2). No sub-
jects were taking medications for diabetes mellitus.
Smoking and alcohol consumption did not differ signifi-
cantly between the sexes. The proportion of patients tak-
ing hypotensive drugs was significantly higher in men, but
there were no other sex differences.

Clinical findings are shown in Table 2. The mean body
weight, % lean body mass, and SMI were 109.0±17.7kg,
57.2±4.1% and 9.2±1.1kgm�2, respectively, in men;
and 87.7 ± 13.4 kg, 49.1 ± 4.8% and 7.2 ± 0.8 kg/m2 re-
spectively, in women. The first two of these parameters were
significantly higher inmen (P< 0.01). Peak VO2 values were
20.3 ±4.6 and 17.4 ± 3.2mLmin�1 kg�1 in men and
women, respectively. The visceral fat area was signifi-
cantly higher in men (217.8 ±55.0 vs. 174.7 ±67.7 cm2,
P< 0.01). % body fat was 35.5 ± 5.9 in men and 49.3
± 8.4% in women. Serum irisin levels were significantly
lower in men (1.1 ± 0.1 vs. 1.2 ± 0.2 ngmL�1, P< 0.05).

Relationships between serum irisin levels and clini-
cal factors

In men, serum irisin was positively correlated with IRI
(r = 0.536, P< 0.05), HOMA-IR (r = 0.635, P<0.01), body
weight (r = 0.491, P< 0.05), lean body mass of the trunk
(r = 0.579, P< 0.05), whole lean body mass (r = 0.489,
P< 0.05), and fasting blood sugar level (r = 0.491,
P< 0.05). In women, serum irisin was positively correlated
with HOMA-IR (r = 0.385, P< 0.01) and IRI (r = 0.502,
P< 0.01). The relationship between serum irisin and
HOMA-IR in men and women with obesity is shown in
Figure 1. In stepwise multiple linear regression analysis
in men and women, HOMA-IR was extracted as an inde-
pendent variable (men: β=0.635, R2 =0.369, P< 0.01;
women: β=0.385, R2 = 0.129, P<0.01) (Table 3).
& Sons Ltd, World Obesity and The Obesity Society. Obesity Science



Table 2 Clinical parameters of male and female subjects

Variables All
(n = 66)

Male
(n = 19)

Female
(n = 47)

Age (years) 45.7 ± 13.4 47.9 ± 14.0 44.8 ± 13.2
Height (cm) 160.0 ± 8.7 169.8 ± 6.1 156.0 ± 6.0**
Body weight (kg) 93.8 ± 17.6 109.0 ± 17.7 87.7 ± 13.4**
Body mass index
(kgm�2)

36.5 ± 4.7 37.6 ± 4.6 36.0 ± 4.8

% Body fat (%) 45.3 ± 10.0 35.5 ± 5.9 49.3 ± 8.4**
% Lean body mass (%) 51.4 ± 5.9 57.2 ± 4.1 49.1 ± 4.8**
Skeletal muscle index
(kgm�2)

7.8 ± 1.3 9.2 ± 1.1 7.2 ± 0.8**

Lower limb muscle
strength (kg kg�1)

1.4 ± 0.3 1.5 ± 0.3 1.3 ± 0.3

ATVO2 (mLmin�1 kg�1) 11.0 ± 1.8 10.9 ± 1.2 11.0 ± 2.1
Peak VO2

(mLmin�1 kg�1)
18.3 ± 3.9 20.3 ± 4.6 17.4 ± 3.2**

Visceral fat area (cm2) 187.2 ± 66.8 217.8 ± 55. 0 174.7 ± 67.7*
Subcutaneous fat area
(cm2)

443.2 ± 125.4 433.2 ± 116.5 447.3 ± 129.8

Fasting glucose
(mg dL�1)

103.4 ± 21.8 107.8 ± 22.1 101.6 ± 21.7

Fasting insulin
(μUmL�1)

13.6 ± 7.8 14.2 ± 10.0 13.4 ± 6.9

HOMA-IR 3.5 ± 2.1 3.9 ± 2.9 3.3 ± 1.7
Irisin (ng mL�1) 1.2 ± 0.2 1.1 ± 0.1 1.2 ± 0.2*

*P< 0.05
**P< 0.01 by independent t-test
Results are expressed as mean ± SD not significant. % body
fat = total fat mass/weight; % lean body mass = total lean body
mass/weight; skeletal muscle index = lean body mass of extremi-
ties/height2.
HOMA-IR, homeostasis model of assessment – insulin resistance.

Table 3 Stepwise multiple linear regression analysis of serum irisin
levels in men and women with obesity

Independent
variable

Male (n = 19) Female (n = 47)

β P value β P value

HOMA-IR 0.664 0.003 0.425 0.004
Age �0.034 0.869 �0.128 0.396
BMI 0.169 0.434 �0.012 0.933
% body fat 0.153 0.449 0.061 0.680
% lean body mass �0.107 0.585 �0.274 0.053
Peak VO2 0.019 0.924 �0.117 0.427

BMI, body mass index; HOMA-IR, homeostasis model of assessment
– insulin resistance.
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Discussion

In this study, serum irisin levels were positively corre-
lated with HOMA-IR in men and women with obesity,
and HOMA-IR was independently related to the irisin
level. There was also a negative correlation between
© 2016 The Authors. Obesity Science & Practice published by John Wiley
irisin and age and a positive correlation between irisin
and % body fat in all subjects. A positive correlation
between serum irisin and body weight was found in
men, but not in women. Thus, this study in Japanese
patients with obesity without diabetes suggests that
irisin might be positively correlated with metabolic
parameters (Figure 2).

Park et al. (13) and Ebert et al. (19) found a positive cor-
relation between HOMA-IR and irisin, consistent with
other reports (7,9,13,14). In contrast, Al-Daghri et al.
found that irisin was negatively correlated with HOMA-IR
in healthy women (20), and Moreno-Navarrete et al. re-
ported a negative correlation between irisin levels and in-
sulin resistance in men with obesity (6). The reasons for
this discrepancy are unclear. In a recent, large-scale ex-
ploratory study in 1,115 subjects with obesity in China
(349 men, 766 women), the proportion of patients with a
low blood sugar level or metabolic syndrome was signif-
icantly lower among those with a high irisin level, sug-
gesting that irisin plays an important role in insulin
resistance or metabolic syndrome (18). Thus, it is likely
that the irisin level is negatively correlated with HOMA-
IR in healthy adults, but positively correlated with
HOMA-IR in patients with obesity or diabetes. In the cur-
rent study, serum irisin was significantly positively corre-
lated with IRI and HOMA-IR in untreated Japanese
patients with obesity.

Insulin resistance might also be correlated with irisin
secretion, because an increase in irisin promotes energy
consumption, which contributes to weight loss, fat reduc-
tion and improved insulin resistance (3). Concerning the
mechanism, activated PGC1α may increase expression
of FNDC5 mRNA, as a precursor of irisin, promoting irisin
secretion into blood. FNDC5 mRNA is detected in skeletal
muscle and in fat, kidney, liver, heart, lung and blood ves-
sels (2,4,6,21). In a cross-sectional study, Kurdiova et al.
found that serum irisin was lower in men with obesity than
in non-obese men, whereas expression of FNDC5 mRNA
was significantly higher in skeletal muscle and fat in men
with obesity than in non-obese men and pre-diabetic/
diabetes patients. Thus, irisin secretion may be
compensatively enhanced through a fat-derived feed-
back mechanism in patients with obesity. This mecha-
nism might be involved in the positive correlation
between irisin levels and % body fat in subjects with obe-
sity. Further studies are needed to examine this
possibility.

Irisin secreted into blood improves insulin resistance
by increasing uncoupling protein 1 (UCP1) gene expres-
sion, resulting in brown coloration of white fat (22).
PGC1α promotes irisin secretion, contributing to mito-
chondrial biosynthesis and an improvement in oxidative
metabolism. Mitochondria play an important role in insulin
& Sons Ltd, World Obesity and The Obesity Society. Obesity Science
& Practice



Figure 1 Serum irisin levels were positively correlated with HOMA-IR in 19 men (A) and 47 women (B) with obesity. Pearson correlation
coefficients (r) and P values are shown in each graph.

Figure 2 Serum irisin levels were positively associated with body fat (A) and negatively correlated with age (B) in all subjects with obesity
(n = 66). Pearson correlation coefficients (r) and P values are shown in each graph.

Obesity Science & Practice Irisin levels and metabolic parameters Y. Fukushima et al. 5
resistance, and a reduction in PCG1α expression or func-
tion induces marked insulin resistance and diabetes (30–
32). The subjects in this study were patients with obesity
without diabetes. A feedback mechanism mediated by
the PGC1alpha-irisin-UCP1 signaling pathway may have
been present in response to an excess level of fat or insu-
lin resistance. This requires further examination in pa-
tients with obesity and diabetes.

In this study, serum irisin in women with obesity was
significantly higher than that in men with obesity, and
there were also sex differences in body weight, % lean
body mass, SMI, peak VO2 and visceral fat area (all higher
in men) and in % body fat (higher in women). Increases in
% lean body mass and exercise tolerance promote irisin
secretion, but women had a higher level of irisin, suggest-
ing the presence of a mechanism for irisin secretion con-
trol to compensate for an excess level of fat. Roca-Rivada
et al. and Yan et al. also found significantly higher irisin
© 2016 The Authors. Obesity Science & Practice published by John Wiley
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levels in women than in men (8,18). Huh et al. (4) reported
a negative correlation between irisin and adiponectin in
women with obesity, a positive correlation between irisin
and estradiol and no correlation between irisin and tes-
tosterone, with a proposal of involvement of irisin in insu-
lin resistance and glucose/lipid metabolism responses (4).
However, in a large-scale cross-sectional study, Kerstholt
et al. found no sex difference in irisin (23). Closer investi-
gation of these effects is required in further studies.

This study has some limitations. First, the number of
subjects was small for a cross-sectional study and inclu-
sion of only 19 men limited the analysis with respect to
sex. Second, irisin is associated with many hormones
and cytokines, but only associations with exercise toler-
ance, body composition and insulin resistance were ex-
amined. Lastly, we did not compare the results with
those in patients with diabetes or investigate expression
of mRNA in muscle and fatty tissue.
& Sons Ltd, World Obesity and The Obesity Society. Obesity Science
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Conclusion

In this study in Japanese patients with obesity without di-
abetes, the serum irisin level was positively correlated
with HOMA-IR in men and women. Our results suggest
that compensatory enhancement of irisin secretion may
occur in response to insulin resistance in patients with
obesity.
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