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Abstract

Background: The aim of the study was to examine the incretin-based 
therapy on glycemic control, insulin sensitivity parameters, weight 
loss and adipokines in overweight or obese patients with newly diag-
nosed type 2 diabetes mellitus (T2DM).

Methods: This was a 24-week prospective study of 75 enrolled over-
weight or obese subjects (body mass index (BMI) ≥ 25 kg/m2) with 
newly diagnosed T2DM randomly assigned to the liraglutide, met-
formin, and sitagliptin groups. Outcome measures were fasting blood 
glucose (FBG), HbA1c, weight, BMI, waist circumstance, plasma 
lipids, fast insulin, fast C-peptide, HOMA-IR, HOMA-B, leptin, adi-
ponectin, and high-sensitivity C-reactive protein (hsCRP).

Results: At the endpoint of 24 weeks, administration of liraglutide, 
metformin or sitagliptin all resulted in significant improvements of 
glycemic control, weight loss and insulin sensitivity parameters. It 
was also demonstrated that liraglutide was superior to metformin and 
sitagliptin in terms of achieving target HbA1c values and sustain-
ing weight loss after 24-week treatment, but not to the incidence of 
adverse events (AEs). Moreover, liraglutide administration showed 
beneficial effects on reducing leptin levels and L/A ratio as well as el-
evating adiponectin levels compared to the metformin and sitagliptin 
administration.

Conclusion: Liraglutide treatment during 24 weeks in newly diag-
nosed T2DM patients led to reduction of BMI and improvement of 
glucose control, insulin sensitivity and resistance parameters. Addi-
tionally, circulating levels of adipokines could play an important role 
in GLP-1 treatment.
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Introduction

Type 2 diabetes mellitus (T2DM) is a complex metabolic con-
dition, resulting in a hyperglycemia status. The insulin resist-
ance, a subnormal response to insulin-mediated cellular ac-
tions, along with relative pancreatic β-cell insufficiency, is the 
essential features in the pathogenesis of T2DM [1].

Overweight and obesity are widely believed to contribute to 
the development of several metabolic complications, including 
insulin resistance and T2DM [1, 2]. However, the pathophysi-
ological link between obesity and insulin resistance remains to 
be elucidated, but several recent studies indicate a central role 
for adipose tissue and its endocrine dysfunction. Adipose tissue 
is now considered as an active secretary organ, sending out and 
responding to signals that modulate appetite, insulin sensitivity, 
energy expenditure, inflammation and immunity. Obesity and 
insulin resistance are often associated with a low-grade inflam-
matory state in adipose tissue. Adipose tissue produces several 
proteins (adipokines) such as leptin and adiponectin that modu-
late insulin sensitivity and appear to play an important role in 
the pathogenesis of insulin resistance [3-5].

Metformin is recommended as the first-line oral antihyper-
glycemic agent for T2DM in the American Diabetes Association 
(ADA)/European Association for the Study of Diabetes (EASD) 
guidelines, when lifestyle fails to keep HbA1c at target, espe-
cially in the overweight and obese subjects [6]. The endogenous 
incretin GLP-1, a kind of peptide hormone secreted from en-
docrine cells in the small intestine, is demonstrated to activate 
insulin secretion, inhibit glucagon secretion, slow gastric emp-
tying, and induce weight loss. Recently, incretin-based agents, 
GLP-1 receptor agonists (GLP-1RA) and dipeptidyl peptidase-4 
inhibitors (DPP4i), a logical choice of restoring β-cell function 
and decreasing insulin resistance, have been developed to treat 
T2DM [7]. Many studies indicated that both GLP-1RA and 
DPP4i have the priority over metformin and sulfonylurea in re-
ducing plasma glucose and body weight, and increasing insu-
lin sensitivity. However, these studies seldom select the newly 
diagnosed diabetic patients as subjects, and rarely evaluate the 
adipokines profile [8-11]. To our knowledge, no studies have 
addressed the effect of liraglutide and sitagliptin treatment on 
plasma glycemic control, weight loss and circulating adipokines 
in newly diagnosed diabetic patients in daily clinical practice.

We reported the results of a 24-week, open-label, rand-
omized, prospective study designed to investigate the relation-
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ship of glycemic control, weight, insulin resistance indexes 
(HOMA-IR and HOMA-B) and serum adipokines (leptin and 
adiponectin) in newly diagnosed overweight or obese T2DM 
patients at the beginning and 24 weeks after the initiation of 
liraglutide, sitagliptin or metformin in daily clinical practice.

Methods

Participants

Participants aged 18 - 65 years with T2DM diagnosed within 3 
months were eligible if their HbA1c value was 7.0-11.0% and 
if they had a BMI of 25.0 - 35.0 kg/m2. All subjects were naive 
to any hypoglycemic treatment.

Exclusion criteria included previous hypoglycemic treat-
ment, liver or renal function, clinically significant cardiovas-
cular disease, retinopathy or maculopathy requiring acute 
treatment, uncontrolled hypertension (≥ 180/110 mm Hg), or 
cancer. Further exclusion criteria included current use of any 
systemic or topical treatment with drugs known to influence 
glucose metabolism or weight (systemic glucocorticoids, non-
selective β-sympathetic blockers, and weight loss drugs within 
3 months of randomization), anemia, a personal or family his-
tory of medullary thyroid carcinoma or multiple endocrine ne-
oplasia syndrome type 2, or a history of drug or alcohol abuse.

All participants provided written consent before any 
procedures. The trial design was approved by the local eth-
ics committee review board and was conducted according to 
Good Clinical Practice in accordance with the Declaration of 
Helsinki.

Trial design

A 24-week, randomized, open-label, parallel clinical trial was 
conducted at the Endocrinology Department of Zhongshan 
Hospital affiliated to Dalian University. Recruitment occurred 
from March 2013 to November 2014. Participants were ran-
domly assigned to subcutaneous liraglutide, or oral sitagliptin 
or metformin on the basis of computer-generated random num-
bers by a person not involved in the recruitment. Liraglutide 
was administered subcutaneously at a dose of 0.6 mg in the 
morning for 1 week followed by an increase to 1.2 mg once 
daily for the next 23 weeks or 1.8 mg if necessary. Sitagliptin 
was taken 100 mg once daily in the morning, and metformin 
dosage ranged from 1,500 to 2,000 mg daily.

The glycemic control target was defined as HbA1c < 7% 
and fasting blood glucose (FBG) ≤ 7.0 mmol/L. Postprandial 
blood glucose was not chosen for variable factors. During the 
24-week treatment period, subjects were required to visit the 
outpatient once every 2 weeks, and telephone contact every 
week. Lifestyle intervention was not actively promoted.

Assessments

At the baseline and the endpoint of 24 weeks, blood pressure, 

waist circumference, height and weight were recorded for each 
subject, and BMI was calculated as kg/m2. Clinical parameters 
evaluated at baseline and the endpoint of 24 weeks included 
HbA1c, fatty acids, FBG, fast insulin and fast C-peptide. The 
enrolled subjects were provided with a commercial glucose 
meter (Accu-Chek, Roche Diagnostics, Mannheim, Germany) 
and a diary to record their seven-point (before and 2 h after 
breakfast, lunch, dinner and 10 pm of bedtime) profile of self-
monitored blood glucose (SMBG) once per week.

Hypoglycemic episodes and adverse events (AEs) were 
recorded throughout the study. Hypoglycemia was determined 
by plasma glucose ≤ 3.9 mmol/L, or occurrences of definite 
hypoglycemic symptoms. Hypoglycemia was considered se-
vere when the event required third party assistance. AEs were 
classified as serious if they resulted in death, life-threatening 
experiences, hospitalization, or persistent of significant dis-
ability or incapacity.

Plasma was separated from blood within 30 min and stored 
at -70 °C until analysis. Plasma glucose was determined by 
the glucose oxidase technique. Plasma total cholesterol, high-
density lipoprotein (HDL) cholesterol, and triglycerides (TG) 
were measured with an autoanalyzer (Hitachi 7150; Hitachi, 
Tokyo, Japan) using an enzymatic colorimetric method. Low-
density lipoprotein (LDL) cholesterol was calculated using the 
Friedewald formula, and high-sensitivity C-reactive protein 
(hsCRP) was determined with a BN II analyzer (DadeBehring, 
Newarkand, DE, USA) using a latex-enhanced immunoneph-
elometric method. Serum insulin and C-peptide concentrations 
were measured using Immulite 2000 solid-phase chemilumi-
nescent immunometric assays (Immulite 2000; Siemens, Er-
langen, Germany). Blood pressure was measured using semi-
automatic upper arm blood pressure monitor (Boso Mercurius 
E; Bosch+Sohn, Jungingen, Germany). Plasma adiponectin 
(B-Bridge International, Sunnyvale, CA, USA) and leptin 
(R&D Systems, Minneapolis, MN, USA) were measured us-
ing enzyme-linked immunosorbent assays.

Statistical analysis

All data were presented as the mean and standard deviation or 
n and %, and were analyzed using SPSS windows version 19.0. 
The distribution of variables was analyzed with Kolmogorov-
Smirnov test. Changes in parameters from the baseline values 
within group were evaluated using two-tailed paired t-test. 
One-way univariate analysis of variance (ANOVA) was used 
to compare the differences in clinical characteristics among 
the three groups at baseline and after treatment assessed for 
significance using for the discrete or continuous data and the 
Chi-square test for frequency distributions. P-value < 0.05 was 
considered to be statistically significant.

Results

Subjects

A total of 75 T2DM patients (49.3% females) with a mean 
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age of 56.1 ± 9.0 years and mean HbA1c of 8.7±0.8% were 
enrolled. One male patient was excluded from the liraglutide 
group due to severe gastrointestinal side effects, and another 
female patient was lost due to protocol violation. One from the 
sitagliptin group quitted for poor glycemic control. The base-
line demographic and biochemical parameters of the subjects 
in the liraglutide group, metformin group and sitagliptin group 
were shown in Table 1. As expected because of randomiza-
tion, the baseline characteristics were similar among the three 
groups in terms of age, diabetes duration, BMI, FBG, HbA1c, 
fast insulin, fast C-peptide and plasma lipids.

Glycemic control

The mean values of HbA1c were significantly reduced in all 
the three groups over 24-week treatment period (P < 0.001). At 
the endpoint of 24 weeks, the mean HbA1c levels decreased 
from 8.8% to 7.1% with liraglutide, from 8.7% to 7.5% with 
metformin and from 8.6% to 7.4% with sitagliptin. The mean 
reduction of HbA1c values was greatest for the subjects treat-
ed with liraglutide 1.2 mg daily (1.7%) among all treatment 
groups at the endpoint, much greater than 1.2% with met-

formin group (P = 0.005), and 1.2% with sitagliptin group (P = 
0.002). However, there was no significant difference between 
sitagliptin group and metformin group (P = 0.999).

The mean values of FBG were significantly reduced in all 
the three groups over 24-week treatment period (P < 0.001). At 
the endpoint of 24 weeks, the mean reduction of FBG value from 
baseline was 2.2 mmol/L with liraglutide treatment, 1.7 mmol/L 
with metformin group and 1.6 mmol/L with sitagliptin. How-
ever, pairwise comparisons among the three treatment groups 
did not reach statistically significant difference (P > 0.05).

Thirteen subjects of the 24 from liraglutide group achieved 
a target HbA1c < 7.0%, compared with six of 25 from sitag-
liptin group (χ2 = 4.694 and P = 0.042), and five of 26 from 
metformin group, respectively (χ2 = 6.611 and P = 0.018). 
However, the percentage was similar between sitagliptin and 
metformin treated subjects. Among the patients who showed 
an HbA1c improvement from the liraglutide group, a clear lin-
ear relationship between HbA1c at baseline and the decrease in 
HbA1c was found (Spearman correlation r = 0.810; P < 0.001). 
Thus, higher baseline value of HbA1c predicts a greater de-
crease in HbA1c over 24 weeks with liraglutide. Whereas, 
those from the metformin group and sitagliptin group did not 
show this tendency.

Table 1.  Baseline Demographics and Characteristics of the Study Participants

Liraglutide group Metformin group Sitagliptin group P value

N 24 26 25 NS
Sex (M/F) 12/12 13/13 13/12 NS
Age (years) 56.4 ± 8.6 56.7 ± 9.1 55.3 ± 9.5 NS
Duration of diabetes (years) 6.4 ± 2.1 6.2 ± 2.5 6.5 ± 2.2 NS
Waist circumstance (cm) 110.2 ± 4.7 109.7 ± 4.2 110.1 ± 3.8 NS
WHR 0.89 ± 0.08 0.89 ± 0.06 0.89 ± 0.06 NS
BMI (kg/m2) 30.4 ± 2.7 30.2 ± 2.4 30.6 ± 3.2 NS
Weight (kg) 88.7 ± 6.5 88.2 ± 7.6 88.9 ± 6.2 NS
HbA1c (%) 8.8 ± 1.0 8.7 ± 0.7 8.6 ± 0.8 NS
FBG (mmol/L) 9.3 ± 1.6 9.3 ± 0.9 9.2 ± 1.7 NS
Fast insulin (μIU/mL) 13.7 ± 4.4 12.8 ± 4.9 13.9 ± 4.4 NS
Fast C peptide (ng/mL) 3.0 ± 1.2 3.1 ± 1.0 3.0 ± 1.1 NS
HOMA-IR (mol mIU/L2) 5.8 ± 2.4 5.3 ± 2.1 5.8 ± 2.4 NS
HOMA-B (μIU/mmol) 49.3 ± 16.6 45.2 ± 18.4 51.3 ± 18.7 NS
Cholesterol (mmol/L) 5.7 ± 0.8 5.8 ± 1.0 5.9 ± 0.8 NS
Triglycerides (mmol/L) 2.7 ± 1.1 2.9 ± 0.9 2.6 ± 1.1 NS
HDL-c (mmol/L) 1.4 ± 0.5 1.5 ± 0.5 1.5 ± 0.4 NS
LDL-c (mmol/L) 3.4 ± 0.6 3.6 ± 0.7 3.4 ± 0.7 NS
Leptin (ng/dL) 28.4 ± 9.2 29.7 ± 5.6 27.6 ± 7.9 NS
Adiponectin (μg/dL) 6.5 ± 2.2 6.3 ± 1.6 6.8 ± 1.8 NS
L/A ratio (ng/μg) 5.1 ± 3.2 5.1 ± 1.8 4.5 ± 2.1 NS
hsCRP (mg/L) 2.6 ± 1.8 2.6 ± 1.2 2.4 ± 1.7 NS

Values are represented as mean ± standard variation. NS: non-significance.
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Table 2.  Changes of Variables Related With Glycemic Control, Body Weight and Adipokines After 24-Week 
Treatment

Baseline 24 weeks Mean change 
from baseline

P value (effect of  
time)

P value (effect of  
treatment)

HbA1c (%)
  Liraglutide 8.8 ± 1.0 7.1 ± 0.7 1.7 ± 0.5 < 0.001 LvsM 0.005
  Metformin 8.7 ± 0.7 7.5 ± 0.6 1.2 ± 0.5 < 0.001 MvsS 0.999
  Sitagliptin 8.6 ± 0.8 7.4 ± 0.6 1.2 ± 0.4 < 0.001 LvsS 0.002
FBG (mmol/L)
  Liraglutide 9.3 ± 1.6 7.1 ± 0.7 2.2 ± 1.1 < 0.001 LvsM 0.117
  Metformin 9.3 ± 0.9 7.7 ± 0.8 1.7 ± 0.6 < 0.001 MvsS 0.969
  Sitagliptin 9.2 ± 1.7 7.6 ± 1.2 1.6 ± 0.6 < 0.001 LvsS 0.068
Body weight (kg)
  Liraglutide 88.7 ± 6.5 83.9 ± 6.0 4.8 ± 1.2 < 0.001 LvsM < 0.001
  Metformin 88.2 ± 7.6 85.6 ± 6.4 2.6 ± 1.4 < 0.001 MvsS 0.113
  Sitagliptin 88.9 ± 6.2 87.2 ± 5.6 1.8 ± 1.4 < 0.001 LvsS < 0.001
BMI (kg/m2)
  Liraglutide 30.4 ± 2.7 28.8 ± 2.7 1.6 ± 0.4 < 0.001 LvsM < 0.001
  Metformin 30.2 ± 2.4 29.3 ± 2.3 0.9 ± 0.4 < 0.001 MvsS 0.065
  Sitagliptin 30.6 ± 3.2 30.1 ± 3.2 0.6 ± 0.4 < 0.001 LvsS < 0.001
Waist circumstance (cm)
  Liraglutide 110.2 ± 4.7 103.2 ± 4.5 6.9 ± 1.3 < 0.001 LvsM < 0.001
  Metformin 109.7 ± 4.2 105.9 ± 4.1 3.8 ± 2.0 < 0.001 MvsS 0.123
  Sitagliptin 110.1 ± 3.8 107.4 ± 3.3 2.7 ± 1.9 < 0.001 LvsS < 0.001
HOMA-IR (mol mIU/L2)
  Liraglutide 5.8 ± 2.4 3.1 ± 1.0 2.6 ± 1.6 < 0.001 LvsM 0.054
  Metformin 5.3 ± 2.1 3.7 ± 1.4 1.7 ± 1.0 < 0.001 MvsS 0.962
  Sitagliptin 5.8 ± 2.4 4.0 ± 1.5 1.8 ± 1.1 < 0.001 LvsS 0.119
HOMA-B (μIU/mmol)
  Liraglutide 49.3 ± 16.6 56.7 ± 17.7 7.5 ± 9.2 0.001 LvsM 0.998
  Metformin 45.2 ± 18.4 53.0 ± 20.9 7.9 ± 9.8 < 0.001 MvsS 0.987
  Sitagliptin 51.3 ± 18.8 59.6 ± 19.1 8.3 ± 9.7 < 0.001 LvsS 0.998
Leptin (ng/dL)
  Liraglutide 28.4 ± 9.2 26.5 ± 7.7 1.9 ± 2.5 0.001 LvsM 0.892
  Metformin 29.7 ± 5.6 28.4 ± 5.3 1.2 ± 4.9 0.219 MvsS 0.846
  Sitagliptin 27.6 ± 7.9 26.6 ± 5.4 1.0 ± 5.4 0.341 LvsS 0.999
Adiponectin (μg/dL)
  Liraglutide 6.5 ± 2.2 8.2 ± 1.0 1.7 ± 1.5 < 0.001 LvsM 0.027
  Metformin 6.3 ± 1.6 6.5 ± 1.2 0.2 ± 2.1 0.565 MvsS 0.980
  Sitagliptin 6.8 ± 1.8 7.2 ± 1.0 0.4 ± 1.4 0.156 LvsS 0.016
L/A ratio (ng/μg)
  Liraglutide 5.1 ± 3.2 3.3 ± 1.2 1.8 ± 2.4 0.001 LvsM 0.159
  Metformin 5.1 ± 1.8 4.5 ± 1.2 0.6 ± 2.0 0.167 MvsS 0.990
  Sitagliptin 4.5 ± 2.1 3.8 ± 1.0 0.7 ± 1.9 0.08 LvsS 0.247

Values are represented as mean ± standard variation. P value (effect of time) means comparison between endpoint of 24 weeks 
and baseline for each treatment. P value (effect of treatment) means pairwise comparison of mean changes from baseline 
among the treatments. LvsM: liraglutide vs. metformin; MvsS: metformin vs. sitagliptin; LvsS: liraglutide vs. sitagliptin.
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BMI, weight, waist circumstance, waist hip ratio (WHR) 
and HOMA

At the endpoint of 24 weeks, body weight significantly de-
creased in all the three treatment groups (P < 0.001). Subjects 
treated with liraglutide lost on average 4.8 ± 1.2 kg compared 
with a 2.6 ± 1.4 kg loss in the metformin group (P < 0.001) and 
1.8 ± 1.4 kg loss in the sitagliptin group (P < 0.001); however, 
there was no statistically significant difference between the 
metformin and sitagliptin therapy groups (P = 0.113). A total 
of 21.3% (16/75) subjects were high responders who lost ≥ 5% 
body weight in 24 weeks, 17.3% (13) of them in the liraglutide 
group compared with 2.7% (two) in the metformin group and, 
and only one subject in the sitagliptin group achieved this de-
gree of weight loss.

At 24 weeks, BMI significantly decreased in all the three 
treatment groups (P < 0.001 for the effect of time). BMI de-
creased for 1.6 ± 0.4 kg/m2 from baseline in the liraglutide 
group compared with 0.9 ± 0.4 kg/m2 in metformin (P < 0.001) 
and 0.6 ± 0.4 kg/m2 in the sitagliptin group (P < 0.001). The 
analysis showed no statistically significant differences be-
tween the metformin and sitagliptin therapy arms (P = 0.065). 
Comparable results were found for reduction in body waist 
circumference (P < 0.001 for the treatment/time effect). The 
maximum waist circumference reduction was noted in patients 
on liraglutide therapy followed by the metformin and sitag-
liptin therapy group patients (with treatment differences 6.9 
± 1.3, 3.8 ± 2.0, and 2.7 ± 1.9 cm respectively, P < 0.001 for 
the liraglutide vs. metformin, and P < 0.001 for the liraglutide 
vs. sitagliptin). All treatment interventions resulted in a non-
significant reduction in WHR (P > 0.05 for the treatment/time 
effect).

In addition, significant HOMA-IR decrease and HOMA-B 
increase were observed in all the treatment groups (P ≤ 0.001 

for effect of time). However, further analysis did not show 
statistical significance for pairwise comparisons (P > 0.05 for 
effect of treatment). Although other parameters showed an im-
provement after 24 weeks of therapy as systolic and diastolic 
blood pressure, total cholesterol, LDL cholesterol (LDL-c), 
HDL cholesterol (HDL-c) and TG, they did not reach statisti-
cal significance.

Leptin, adiponectin, L/A ratio and hsCRP

As shown in Table 2, the baseline leptin and adiponectin levels 
were similar among the three treatment groups. At the end-
point of 24 weeks, liraglutide administration resulted in sig-
nificant reduction of leptin level from 28.4 ± 9.2 to 26.5 ± 7.7 
(P = 0.001), significant increase of adiponectin level from 6.5 
± 2.2 to 8.2 ± 1.0 (P < 0.001) and significant reduction of L/A 
ratio from 5.1 ± 3.2 to 3.3 ± 1.2 (P = 0.001). While the met-
formin and sitagliptin administration did not show this kind of 
significant changes in leptin, adiponectin and L/A ratio levels 
(P > 0.05 for the effect of time). After 24 weeks liraglutide ad-
ministration, there was a significant increase in the adiponectin 
level 1.7 ± 1.5 μg/dL, much higher than metformin group 0.2 ± 
2.1 μg/dL (P = 0.027), and sitagliptin group 0.4 ± 1.4 μg/dL (P 
= 0.016). In addition, the changes of hsCRP levels of the three 
groups did not reach statistical significance (P > 0.05 for effect 
of time/treatment).

Tolerability and safety

In general, all the administrated drugs in the present study 
were well tolerated. The AEs of the three treatment groups 
were summarized in Table 3. The incidence of any treatment-
related AEs was 54.2% in patients with liraglutide, much 
higher than 23.1% with metformin (χ2 = 5.120, P = 0.024) and 
20.0% with sitagliptin (χ2 = 6.151, P = 0.013). Gastrointestinal 
AEs were most commonly reported in the liraglutide group, 
especially nausea, occurring in 33.3% of patients in this group, 
while only 7.7% in metformin group (χ2 = 5.128, P = 0.035) 
and only 4.0% in sitagliptin group (χ2 = 7.027, P = 0.011). 
During the 24 weeks treatment period of the study, no patients 
experienced any major hypoglycemic episode. The incidence 
of hypoglycemia unconfirmed by glucose measurement was 
8.3%, 3.8% and 4.0% for patients in liraglutide, sitagliptin and 
metformin groups, respectively (χ2 = 0.630, P = 0.730). No 
significant difference was shown in the other AEs, including 
diarrhea, constipation, abdominal pain, dizziness, peripheral 
edema, influenza-like symptoms and skin itching. During the 
24-week study, two subjects in liraglutide group and one in 
sitagliptin group withdrew from the study (reasons mentioned 
above).

Discussion

In this study, we explored the relationship of glycemic con-
trol, body weight, insulin resistance indexes (HOMA-IR and 

Table 3.  Overview of Adverse Events Over 24-Week Treat-
ment

Liraglutide Metformin Sitagliptin
n 24 26 25
Patients with one 
or more AEs

13 (54.2) 6 (25.0)* 5 (20.0)*

Hypoglycemia 2 (8.3) 1 (3.8) 1 (4.0)
Nausea 8 (33.3) 2 (7.7)* 1 (4.0)*
Vomiting 2 (8.3) 1 (3.8) 0 (0)
Diarrhea 3 (12.5) 1 (3.8) 1 (4.0)
Constipation 2 (8.3) 1 (3.8) 1 (4.0)
Epigastric 
abdominal pain

3 (12.5) 2 (7.7) 1 (4.0)

Dizziness 4 (16.7) 2 (7.7) 2 (8.0)
Influenza-like 
symptoms

2 (8.3) 1 (3.8) 2 (8.0)

Skin itching 1 (4.2) 0 (0) 1 (4.0)

Data are shown in n (%).*P < 0.05 for comparison with liraglutide group.
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HOMA-B) and adipokines (leptin and adiponectin) in newly 
diagnosed overweight or obese T2DM patients at the begin-
ning and 24 weeks after the initiation of liraglutide, sitagliptin 
or metformin treatment in daily clinical practice.

Administration of liraglutide, metformin or sitagliptin 
all resulted in significant improvements in glycemic control. 
It was also demonstrated that liraglutide was superior to met-
formin and sitagliptin in terms of achieving target HbA1c val-
ues and sustaining weight loss after 24-week treatment, but 
not to the incidence of AEs. Although there were minor differ-
ences, there was no significant difference between metformin 
and sitagliptin administration with regard to glycemic control, 
weight loss and AEs. Moreover, liraglutide administration 
showed beneficial effects in reducing leptin levels, L/A ratio 
and elevating adiponectin levels compared to the metformin 
and sitagliptin administration.

GLP-1 is an incretin hormone physiologically secreted by 
intestinal L cells, mainly in response to food intake. Its effects 
include glucose-dependent stimulation of insulin secretion and 
glucagon reduction, slowing gastrointestinal motility and in-
creasing satiety leading to reduced food intake [7]. In animal 
models, there is evidence that it also promotes β-cell prolifera-
tion and probably neogenesis, while reducing apoptosis [12, 
13]. Our study supports previous data on liraglutide improve-
ments in glucose control and weight reduction. HbA1c im-
provement was directly related to basal HbA1c in concordance 
with previous studies [9-11]. As indicated in our study, greater 
proportion of patients treated with liraglutide reached the tar-
get level of HbA1c < 7% than the other two agents, without 
accompanying an increased risk of hypoglycemia.

HOMA is a widely validated clinical and epidemiologi-
cal tool for the estimation of insulin resistance (HOMA- IR) 
and β-cell function (HOMA-B). The effect of GLP-1 admin-
istration on HOMA has been previously studied [14, 15]. In 
our study, all the three kinds of treatment showed statistically 
significantly lower insulin resistance and higher insulin secre-
tion compared with baseline. These results agree with previous 
clinical studies with GLP-1 analogs. Improvement in gluco-
toxicity and lipotoxicity under liraglutide treatment could ex-
plain HOMA amelioration. However, incretin-based treatment 
has not been shown to have superior effect on HOMA-IR and 
HOMA-B parameters over metformin. Extensive clinical trials 
are required to evaluate β cell recovery in T2DM under GLP-1 
treatment.

It is well recognized that abdominal obesity plays a central 
role in the development of insulin resistance and contributes 
significantly to the progression of T2DM. Recently, attention 
has focused on the role of visceral adipose tissue due to the 
synthesis and release of a number of adipokines from adipo-
cytes [3-5]. In T2DM, increased visceral adipose tissue dis-
turbs adipokines secretion and leads to a low-grade chronic 
inflammatory state mediated by the infiltration of macrophages 
into adipose tissue. This inflammatory state is found to be asso-
ciated with insulin resistance. Visceral adipose tissue functions 
as a paracrine and an endocrine organ, secreting a number of 
adipokines, such as leptin and adiponectin. These molecules 
(leptin and adiponectin) have been linked to the pathogenesis 
of the metabolic syndrome and cardiovascular disease. In dia-
betic patients, serum adiponectin levels are decreased, while 

leptin levels are elevated [16, 17]. This imbalance in the in-
flammatory state leads to dysfunction of the endothelial cells, 
promoting the loss of their vasodilatory, antithrombotic, and 
antiatherogenic properties, apparently a widespread biological 
response in humans.

Studies evaluating liraglutide effects on adipokines and 
biomarkers of cardiovascular risk were rarely reported in daily 
clinical practice. Only partial results have been published in 
clinical trials [15, 18]. To our knowledge, no studies have ad-
dressed the effect of liraglutide on adipokines in newly diag-
nosed T2DM patients. Our study demonstrated the beneficial 
effects of liraglutide administration in reducing leptin and el-
evating adiponectin levels. No significant changes were ob-
served after metformin and sitagliptin administration. Leptin 
has been recently described as an important modulator of the 
response to dynamic meal related signals with serum GLP-1 
effects [19]. However, the detail mechanisms of liraglutide 
involved in adipokines regulation remain to be elucidated by 
more studies.

In conclusion, liraglutide treatment during 24 weeks in 
newly diagnosed T2DM patients led to reduction of BMI and 
improvement of glucose control and insulin sensitivity and 
resistance parameters. Additionally, circulating levels of adi-
pokines could play an important role in GLP-1 treatment.
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