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ABSTRACT

Introduction: Irisin is a unique myokine with
striking effects on regulating insulin sensitivity
and energy metabolism. This study aimed to
investigate the changes in serum irisin in
patients with newly diagnosed type 2 diabetes
mellitus (T2DM) following sitagliptin
treatment.
Methods: Thirty-two patients with T2DM were
treated with 100 mg/day sitagliptin for
16 weeks. Twenty age-, sex- and body mass
index (BMI)-matched healthy subjects were
enrolled as the control group. Irisin and meta-
bolic parameters were measured at baseline and
after treatment.

Results: Patients with T2DM had lower irisin
levels than the controls (10.03 ± 2.06 vs.
13.06 ± 3.10 ng/ml, P\0.01). Sitagliptin treat-
ment significantly increased serum irisin levels
in T2DM patients compared to baseline (11.18
± 1.91 vs. 10.03 ± 2.06 ng/ml, P\0.01).
Increased irisin levels were associated with
decreased fasting blood glucose (FBG)
(b = - 0.24, P\ 0.05) and glycosylated hemo-
globin (HbA1c) (b = - 0.15, P\0.05).
Conclusions: Sitagliptin treatment significantly
increased serum irisin levels in patients with
T2DM, and the increase of the irisin level was
associated with decreases of FBG and HbA1c
levels. These results suggest that irisin might be
involved in the antidiabetic mechanisms of
sitagliptin.
Trial Registration: ClinicalTrials.gov identifier
NCT04495881.
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Key Summary Points

Type 2 diabetes mellitus (T2DM) has
become a global epidemic, and decreased
irisin levels are associated with metabolic
disturbances of T2DM

Sitagliptin is used in treatment of T2DM
and can upregulate the expression of irisin
in a rat model of T2DM

Our study aimed to investigate the
changes of serum irisin levels in patients
with newly diagnosed T2DM following
sitagliptin treatment

Sitagliptin treatment significantly
increased serum irisin in patients with
T2DM

Irisin might be involved in the
antidiabetic mechanisms of sitagliptin

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13712896.

INTRODUCTION

Irisin, a unique myokine, is regulated by per-
oxisome proliferator-activated receptor-c coac-
tivator-1a (PGC-1a) and secreted primarily from
skeletal muscle into the circulation [1]. It can
promote energy expenditure and glucose
uptake and reduce gluconeogenesis, lipogenesis
and lipid accumulation through autocrine,
paracrine or endocrine [2]. Abnormal serum
irisin levels have been shown to associate with
multiple metabolic diseases including obesity
[3], type 2 diabetes mellitus (T2DM) [4],

gestational diabetes mellitus (GDM) [5], nonal-
coholic fatty liver disease (NAFLD) [6], meta-
bolic syndrome [7] and polycystic ovary
syndrome (PCOS) [8].

T2DM is a chronic metabolic disorder char-
acterized by hyperglycemia, insulin resistance
and relative insulin deficiency [9]. Sitagliptin is
a representative of dipeptidyl peptidase-4 (DPP-
4) inhibitors, which are effectively used in the
treatment of T2DM [10]. Recently, some animal
studies have shown that sitagliptin upregulated
the expression of PGC-1a and irisin to attenuate
insulin resistance, improve glycolipid metabo-
lism and inhibit inflammation in a T2DM rat
model [11]. However, up to now, there are few
reports regarding the effects of sitagliptin on
serum irisin levels in patients with T2DM.

Therefore, our present study aimed to
investigate the changes of serum irisin in
patients with newly diagnosed T2DM after
sitagliptin treatment.

METHODS

Study Design and Subjects

Between May 2020 and July 2020, we consecu-
tively recruited 32 patients with newly diag-
nosed type 2 diabetes mellitus (T2DM group)
and 20 age-, sex- and BMI-matched healthy
subjects (control group) who received routine
physical examination from the outpatients at
the Department of Endocrinology in Beijing
Chao-yang Hospital affiliated with Capital
Medical University. The patients aged 21–-
65 years with newly diagnosed T2DM within
the previous 3 months met the following
inclusion criteria: (1) the diagnosis of T2DM
according to the 2014 American Diabetes Asso-
ciation (ADA) diagnostic criteria and (2)
HbA1c C 7.0% and B 9.5% [12]. Meanwhile,
they did not receive any oral hypoglycemic
drugs before the study enrollment. The healthy
controls had a normal glucose tolerance via an
oral glucose tolerance test (OGTT). All patients
with type 1 diabetes mellitus, pancreatitis,
pregnancy or possible pregnancy, liver or renal
function impairment, coronary heart disease,
infectious disease or cancer were excluded. The
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T2DM patients received 100 mg sitagliptin
orally once daily for 16 weeks. Furthermore,
lifestyle modifications (diet and physical activ-
ity) were delivered to all patients, and lifestyle
information was collected through telephone
contact.

The study was registered at Clinicaltrials.gov
(NCT04495881) and was conducted in compli-
ance with the Declaration of Helsinki. The
protocol was approved by the Ethics Committee
of Beijing Chao-yang Hospital affiliated with
Capital Medical University (2020). Written
informed consent was obtained from all partic-
ipants in this study.

Clinical and Biochemical Measurements

All enrolled patients were followed up for
16 weeks. Before and after the 16-week inter-
vention, fasting blood samples were obtained in
the morning after the overnight fasting, and
serum samples were stored at – 80 �C until
analysis. During the follow-up period, hypo-
glycemia did not occur in the T2DM group, but
six patients dropped out of the study because of
poor glucose control.

Anthropometric and biochemical measure-
ments were collected at baseline and after
16 weeks of sitagliptin treatment. Height and
body weight were measured to the nearest
0.1 cm and 0.1 kg, respectively. Total choles-
terol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol
(HDL-C) and triglycerides (TG), FBG, fasting
insulin (FINS) and HbA1c were analyzed at the
central chemistry laboratory of Beijing Chao-
yang Hospital affiliated with Capital Medical
University. Moreover, serum irisin levels were
measured using enzyme-linked immunosorbent
assay (ELISA) kits (EK-067-29, Phoenix Pharma-
ceuticals, Inc., Burlingame, CA, USA) for quan-
titative detection. The sensitivity of the assay
was 2.42 ng/ml, and the linear range of the
standard was 2.42–23.30 ng/ml. The BMI was
calculated as body weight divided by height
squared (kg/m2). Homeostasis model assess-
ment of insulin resistance (HOMA-IR) was cal-
culated as FBG (mmol/l) 9 FINS (lIU/ml)/22.5,
and homeostatic model assessment of b-cell

function (HOMA-b) was calculated as 20 9 FINS
(lIU/ml)/[FBG (mmol/l) - 3.5] [13, 14].

Statistical Analysis

Statistical analyses were performed using the
SPSS statistical software, version 23.0 (SPSS Inc.,
Chicago, IL, USA). One-sample Kol-
mogorov–Smirnov test was used to confirm the
normality of distribution. The data were pre-
sented as means ± standard deviation (SD) or
median (interquartile range). The differences
between healthy controls and T2DM patients
were tested by the Student’s t-test or nonpara-
metric Mann-Whitney U test. The paired Stu-
dent’s t-test or nonparametric Wilcoxon test
was used to compare statistical differences
between pre- and post-treatment. The differ-
ences in proportions were analyzed using the
chi-square test. The Pearson or Spearman cor-
relation coefficient was used for the correlations
between serum irisin levels and metabolic
parameters at baseline as appropriate. Linear
mixed effects models were performed using
STATA version 13.0 (STATA, College Station,
TX) to account for the longitudinal relationship
between serum irisin levels and glucose-lipid
metabolic parameters over a 16-week period. All
statistical tests were two-tailed, and P val-
ues\ 0.05 were considered statistically
significant.

RESULTS

Baseline Clinical Characteristics
of the Study Participants

The baseline clinical characteristics of the
T2DM and control group are listed in Table 1.
The participants in both groups were similar in
age, sex, BMI, TC, LDL-C, HDL-C, TG and FINS
(all P[0.05). However, the T2DM patients had
significantly higher FBG, HbA1c and HOMA-IR
and lower HOMA-b levels than the control
subjects (all P\ 0.01). The serum irisin levels
were significantly lower in the T2DM group
than in the control group (10.03 ± 2.06 vs.
13.06 ± 3.10 ng/ml, P\0.01).
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Correlations Between Serum Irisin Levels
and the Baseline Parameters

We investigated the correlations between serum
irisin levels and the baseline metabolic param-
eters in both groups. The serum irisin levels
were found to be negatively correlated with TG,
FBG and HbA1c (TG: r = - 0.291, P\0.05; FBG:
r = - 0.431, P\0.01; HbA1c: r = - 0.338,
P\ 0.05). Besides, serum irisin levels were sig-
nificantly positively correlated with HDL-C and
HOMA-b (HDL-C: r = 0.280, P\0.05; HOMA-b:
r = 0.323, P\0.05) (Table 2).

Effect of Sitagliptin Treatment
on Metabolic Parameters and Serum Irisin
Levels in T2DM Patients

The observed changes in metabolic parameters
after sitagliptin treatment in the T2DM group
are summarized in Table 3. The levels of BMI,
FBG, HbA1c and HOMA-IR were significantly
decreased from baseline after sitagliptin

Table 1 Baseline characteristics of the study participants

Groups P value

Matched
control
(n = 20)

Type 2 diabetes
mellitus
(n = 32)

Age,

years

46.00 ± 13.54 49.63 ± 13.83 0.358

Sex,

M/F

12/8 20/12 0.857

BMI,

kg/m2

25.24 ± 3.59 26.16 ± 3.44 0.359

TC,

mmol/

l

4.77 ± 0.96 4.79 ± 0.91 0.944

LDL-C,

mmol/

l

2.83 ± 1.01 3.07 ± 0.92 0.385

HDL-C,

mmol/

l

1.30 ± 0.37 1.14 ± 0.26 0.098

TG,

mmol/

l

1.46 (0.94,

2.07)

1.72 (1.20, 2.25) 0.328

FBG,

mmol/

l

4.97 ± 0.59 8.51 ± 1.71 \ 0.001*

FINS,

lIU/

ml

7.25 (4.90,

13.33)

9.65 (6.15, 14.85) 0.310

HbA1c,

%

5.56 ± 0.47 8.05 ± 0.81 \ 0.001*

HOMA-

IR

1.65 (1.00,

3.04)

3.51 (2.03, 5.62) 0.003*

HOMA-

b

114.14 (70.06,

128.14)

40.83 (23.06,

58.33)

\ 0.001*

Table 1 continued

Groups P value

Matched
control
(n = 20)

Type 2 diabetes
mellitus
(n = 32)

Irisin,

ng/ml

13.06 ± 3.10 10.03 ± 2.06 0.001*

Data shown as mean ± standard deviation were compared
between two groups using Student’s t-test for independent
samples
Data shown as median (interquartile range) were com-
pared between two groups using Mann-Whitney U test
Data shown as n (%) were compared between two groups
using the chi-square test
BMI body mass index, TC total cholesterol, LDL-C low-
density lipoprotein cholesterol, HDL-C high-density
lipoprotein cholesterol, TG triglyceride, FBG fasting blood
glucose, FINS fasting insulin, HbA1c glycosylated hemo-
globin, HOMA-IR homeostasis model assessment of insu-
lin resistance, HOMA-b homeostasis model assessment of
b-cell function
*P\ 0.05
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treatment in T2DM patients (all P\0.01).
Increases in HOMA-b were observed after sita-
gliptin treatment. However, there were no
obvious changes in TC, LDL-C, HDL-C, TG and
FINS (all P[ 0.05). Simultaneously, sitagliptin
treatment also significantly increased serum
irisin levels compared to baseline (11.18 ± 1.91
vs. 10.03 ± 2.06 ng/ml, P\0.01).

Associations Between Serum Irisin
and Metabolic Parameters after Sitagliptin
Treatment

Longitudinal analysis was performed by linear
mixed effects models, and the data are displayed
in Figs. 1 and 2. In multivariable models adjus-
ted for sex, age, BMI and lipid profiles, higher
serum irisin levels were associated with lower

FBG (b = - 0.24, P\ 0.05, Fig. 1a) and lower
HbA1c (b = - 0.15, P\0.05, Fig. 1b). Using
other regression models adjusted for sex, age,
BMI, FBG, HbA1c and FINS, lipid metabolic
parameters (TC, HDL-C, LDL-C and TG) were
not significantly associated with serum irisin
levels (all P[ 0.05, Fig. 2a–d).

DISCUSSION

In the present study, patients with newly diag-
nosed T2DM had significantly lower serum iri-
sin levels than the controls. At baseline, serum
irisin levels were negatively correlated with TG,
FBG and HbA1c while positively correlated with
HDL-C and HOMA-b. Sitagliptin treatment sig-
nificantly increased serum irisin levels, accor-
dance with the improvement of metabolic
parameters. The observed increases of serum
irisin after sitagliptin treatment were associated
with the decreases of FBG and HbA1c.

Irisin is an exercise-mediated myokine. Irisin
secretion is induced by exercise, which stimu-
lates the expression of PGC-1a and fibronectin
type III domain-containing protein 5 (FNDC5)
in skeletal muscles; thereafter, FNDC5 is
cleaved, and the remaining 112-amino-acid
peptide is known as irisin [1]. Some studies
reported that circulating irisin levels decreased
in newly diagnosed T2DM and long-term
T2DM, which indicates that irisin may be a
good biomarker of T2DM [4, 15–17]. We also
found that the serum irisin levels were lower in
patients with T2DM than in the control group.
Moreover, consistent with other studies, serum
irisin levels were negatively correlated with TG,
FBG and HbA1c while positively correlated with
HDL-C and HOMA-b [4, 15, 18]. Mechanisti-
cally, it has been reported that irisin exerts
metabolic benefits via distinct mechanisms.
First, irisin activates the expression of uncou-
pling protein-1 (UCP-1) to accelerate the
browning of white adipose tissue (WAT), which
can increase energy consumption, improve
glucose homeostasis and reduce insulin resis-
tance [19, 20]. Second, irisin can facilitate glu-
colipid metabolism through the upregulation of
the expressions of glucose transporter type 4
(GLUT4), hexokinase 2 (HK2) and peroxisome

Table 2 Correlation analyses of serum irisin levels with
biochemical parameters in baseline

Irisin

r P value

Age - 0.037 0.797

BMI - 0.066 0.643

TC 0.076 0.591

LDL-C 0.077 0.588

HDL-C 0.280 0.044*

TG - 0.291 0.036*

FBG - 0.431 0.001*

FINS - 0.097 0.493

HbA1c - 0.442 0.002*

HOMA-IR - 0.216 0.123

HOMA-b 0.323 0.020*

BMI body mass index, TC total cholesterol, LDL-C low-
density lipoprotein cholesterol, HDL-C high-density
lipoprotein cholesterol, TG triglyceride, FBG fasting blood
glucose, FINS fasting insulin, HbA1c glycosylated hemo-
globin, HOMA-IR homeostasis model assessment of insu-
lin resistance, HOMA-b homeostasis model assessment of
b-cell function
*P\ 0.05
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proliferator activated receptor a (PPARa) and
the stimulation of AMP-activated protein kinase
(AMPK) phosphorylation in primary human
skeletal muscle cell (HSMCs) [21]. Thus, these
results suggest decreased irisin levels might be
involved in the development of T2DM.

Consistent with other studies, sitagliptin
treatment significantly decreased BMI, FBG,
HbA1c and HOMA-IR and increased HOMA-b in
T2DM patients. However, there was a greater
reduction of BMI and HbA1c in this study than
in previous studies [22–24]. We believed that
two reasons might explain these differences. On
the one hand, patients with T2DM received
sitagliptin as the initial therapy. In parallel,
lifestyle modifications were used as an adjunc-
tive therapy. On the other hand, sitagliptin
significantly lowers postprandial glucose levels
by stimulating the glucose-induced insulin
secretion and inhibiting postprandial glucagon
release, thus lowering higher postprandial
plasma glucose levels in Chinese patients with
T2DM [25, 26]. Besides, our study showed that

sitagliptin treatment significantly decreased
HOMA-IR and increased HOMA-b. These results
are supported by rodent studies showing that
DPP-4 inhibitors promote b-cell proliferation
and inhibit apoptosis [27, 28].

In this study, sitagliptin treatment signifi-
cantly increased serum irisin levels, which were
parallel with improving FBG and HbA1c. The
results were also supported by the results of
animal studies. In high-fat diet-fed mice,

Table 3 Pre- and post-treatment clinical characteristics of T2DM patients treated with sitagliptin

Group Changes after sitagliptin P value

Pre-treatment (n = 32) Post-treatment (n = 32)

BMI, kg/m2 26.16 ± 3.44 25.69 ± 3.58 - 0.47 (- 0.79, - 0.16) 0.005*

TC, mmol/l 4.79 ± 0.91 4.73 ± 0.83 - 0.06 (- 0.26, 0.15) 0.572

LDL-C, mmol/l 3.07 ± 0.92 3.04 ± 0.93 - 0.03 (- 0.27, 0.21) 0.813

HDL-C, mmol/l 1.14 ± 0.26 1.19 ± 0.33 0.05 (- 0.01, 0.11) 0.075

TG, mmol/l 1.72 (1.20, 2.25) 1.37 (0.98, 2.33) - 0.09 (- 0.46, 0.28) 0.114

FBG, mmol/l 8.51 ± 1.71 6.66 ± 1.17 - 1.85 (- 2.38, - 1.31) \ 0.001*

FINS, lIU/ml 9.65 (6.15, 14.85) 9.65 (5.63, 12.85) - 0.17 (- 1.75, 1.40) 0.888

HbA1c, % 8.05 ± 0.81 6.61 ± 0.62 - 1.44 (- 1.75, - 1.13) \ 0.001*

HOMA-IR 3.51 (2.03, 5.62) 2.70 (1.67, 3.99) - 0.87 (- 1.43, - 0.31) 0.006*

HOMA-b 40.83 (23.06, 58.33) 66.92 (35.57, 87.86) 24.30 (13.47, 35.14) \ 0.001*

Irisin, ng/ml 10.03 ± 2.06 11.18 ± 1.91 1.15 (0.70, 1.60) \ 0.001*

Data shown as mean ± standard deviation were compared between pre- and post-treatment using paired Student’s t-test
Data shown as median (interquartile range) were compared between pre- and post-treatment using paired Wilcoxon test
BMI body mass index, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein
cholesterol, TG triglyceride, FBG fasting blood glucose, FINS fasting insulin, HbA1c glycosylated hemoglobin, HOMA-IR
homeostasis model assessment of insulin resistance, HOMA-b homeostasis model assessment of b-cell function
*P\ 0.05

cFig. 1 Forest plots demonstrating associations between
irisin and FBG (a), HbA1c (b), HOMA-IR (c), HOMA-b
(d) and FINS (e) in mixed-effect linear models adjusted
for potential confounders. FBG fasting blood glucose,
HbA1c glycosylated hemoglobin, HOMA-IR homeostasis
model assessment of insulin resistance, HOMA-b home-
ostasis model assessment of b-cell function, FINS fasting
insulin, BMI body mass index, TC total cholesterol, HDL-
C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, TG triglyceride
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increased levels of circulating irisin, induced by
adenoviral overexpression of FNDC5, substan-
tially improved glucose tolerance and attenu-
ated insulin resistance [1]. Then, irisin
treatment increased glucose and fatty acid
uptake, decreased the body weight and
improved glucose metabolism via AMPK path-
way [20, 29, 30]. In addition, irisin can increase
the expression of betatrophin, another novel
hormone that stimulates b-cell proliferation to
improve glucose tolerance [20]. Therefore, the
metabolic benefits of irisin suggested that irisin
might participate in beneficial effects of sita-
gliptin in patients with T2DM. The exact
mechanisms by which sitagliptin treatment
increases serum irisin levels have been reported

as follows: First, in a rat model of T2DM, sita-
gliptin significantly lowered the levels of fasting
plasma glucose, FINS, TNF-a, TC, TG and
HOMA-IR. Further mechanism studies found
that sitagliptin dose-dependently upregulated
the protein expressions of PGC-1a, irisin and
p-AMPK and the mRNA expressions of PGC-1a
and FNDC5 in skeletal muscle. In summary,
sitagliptin improved insulin resistance and
metabolic disruption produced by T2DM
through the PGC-1a—irisin—p-AMPK pathway
[11].

Our present study has several limitations.
First, the study design was not a randomized
controlled trial, so it might introduce bias into
the results. Further well-designed randomized

Fig. 2 Forest plots demonstrating associations between
irisin and TC (a), HDL-C (b), LDL-C (c) and TG (d) in
mixed-effect linear models adjusted for potential con-
founders. TC total cholesterol, HDL-C high-density
lipoprotein cholesterol, LDL-C low-density lipoprotein

cholesterol, TG triglyceride, BMI body mass index, FBG
fasting blood glucose, HbA1c glycosylated hemoglobin,
FINS fasting insulin
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controlled trials are needed to confirm our
results. Second, our results might be limited by
the relatively small sample size; hence, a larger
sample size is needed for further study. More-
over, lifestyle intervention is a cornerstone in
first-line therapy of T2DM. Based on the treat-
ment guidelines, we cannot exclude the influ-
ence of lifestyle modifications on the
therapeutic efficacy of sitagliptin treatment.
Many studies have shown that lifestyle modifi-
cations, especially exercise, can increase the
circulating levels of irisin [21, 31, 32]. We did
not systematically evaluate lifestyle modifica-
tions in T2DM patients, so we cannot exclude
the effect of lifestyle modifications on irisin.
Subsequent research should assess the effects of
physical activity and diet modification.
Nonetheless, this study has clinical significance
as a pilot study to generate a hypothesis on the
effect of irisin on the metabolic improvements
by sitagliptin. The findings of our study are
relevant to clinical practice in real world set-
tings and have sufficient reliability based on a
sophisticated statistical method.

CONCLUSION

In conclusion, our study demonstrated that the
serum irisin levels were significantly decreased
in patients with newly diagnosed T2DM. Sita-
gliptin treatment significantly increased serum
irisin levels in patients with T2DM, and the
increase in irisin was associated with the
decreases in FBG and HbA1c levels. These results
suggest that irisin might be involved in the
antidiabetic mechanisms of sitagliptin.
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