
Int J Clin Exp Med 2020;13(2):518-524
www.ijcem.com /ISSN:1940-5901/IJCEM0103975

Original Article
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glucose levels, insulin resistance and physical  
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Abstract: Objective: This study aimed to investigate the efficacy of Liraglutide on insulin resistance, physical dis-
tribution and oxidative stress level in patients with type 2 diabetes mellitus (T2DM) complicated with metabolic 
syndrome (MS). Methods: In total, 86 patients with T2DM complicated with MS in our hospital were selected as 
the study subjects. The patients were divided into control group (CG) (n = 43) and research group (RG) (n = 43) in 
accordance with a random number table. The patients in the CG received metformin. The patients in RG received 
Liraglutide. Blood glucose levels, blood lipid levels, insulin resistance, physical distribution, oxidative stress levels 
were compared between the two groups. Results: FBG, 2hPPG and HbA1c in both groups dramatically decreased 
after treatment. The three measures in RG were lower than those in CG (P < 0.05). TG, TC and LDL-C levels reduced 
and HDL-C level increased. The TG, TC and LDL-C levels in CG were higher than those in RG (P < 0.05). HOMA-IR 
reduced and HOMA-β increased. The level of HOMA-IR in RG was lower than that in CG (P < 0.05). The level of 
HOMA-β was higher than that in CG (P < 0.05). Weight, body mass index and waistline reduced. The three measures 
in CG were higher than those in RG (P < 0.05). Urine 8-isoprostaines F2α and MDA remarkably reduced and T-AOC 
significantly increased compared with those before treatment. The 8-isoprostaines F2α and MDA in RG were lower 
than those in CG (P < 0.05). The level of T-AOC was higher than that in CG (P < 0.05). Conclusion: Liraglutide can 
significantly improve the postprandial blood glucose, blood glucose level, insulin resistance and physical distribu-
tion of T2DM patients with MS. Its effect may be related to the improvement of oxidative stress levels in the body. 
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Introduction

Type 2 diabetes mellitus (T2DM) is a common 
endocrine system disease found clinically. The 
clinical features of T2DM are increased blood 
glucose levels in patients. T2DM belongs to a 
systemic chronic metabolic disease. Insulin 
resistance is an important factor leading to  
the onset of type 2 diabetes. Metabolic syn-
drome (MS) is a group of metabolic disorder 
syndromes, including abnormal lipid metabo-
lism, insulin resistance, hypertension, hypergly-
cemia, etc. [1, 2]. T2DM is often complicated 
with metabolic syndrome. The two diseases 
often interact with each other. As a result, lipid 
and blood glucose metabolism disorders are 
caused. Insulin-producing β-cells are destroyed 

and their function is impaired. At the same time, 
vascular endothelial function is also impaired. 
Important organs such as the heart, brain and 
kidney are damaged [3, 4]. Thus, cure difficulty 
is increased. Therefore, T2DM combined with 
MS is an independent risk factor of cardiovas-
cular and cerebrovascular diseases. How to 
actively and effectively control the blood glu-
cose and lipids become a difficulty in treatment 
of the disease.

Oxidative stress means the synthesis and 
release and clearance of active-oxygen radicals 
are out of balance. As a result, the oxygen radi-
cal level increases. Meanwhile, body and cellu-
lar injury can be caused [5]. Relevant studies 
[6, 7] have shown that oxidative stress exists in 
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patients with T2DM complicated with MS. 
Liraglutide is the analogue of glucagon-like 
peptide-1. It has the role of stimulating insulin 
secretion, decreasing blood glucose and reduc-
ing blood pressure. In this study, the efficacy of 
Liraglutide in the treatment of T2DM compli-
cated with MS and its effect on insulin resis-
tance, physical distribution and oxidative stress 
levels were observed.

Material and methods

General information

In total, 86 T2DM patients with MS in our hos-
pital from February 2018 to November 2018 
were selected for observation, including 44 
males and 42 females. The patients were 
18-79 years old, with an average age of 61.95 
± 7.09 years. The mean body mass index was 
31.12 ± 1.62 kg/m2. The course of disease 
was 3-4 years, and the average course was 3.6  
± 0.4 years. The inclusion criteria were as 
follows: (1) the Diagnostic Criteria of Metabolic 
Syndrome formulated by International Diabetes 
Federation in 2005 [8] and Diagnostic Criteria 
of Diabetes Mellitus in the Guidelines for 
Prevention and Treatment of Chinese Type 2 
Diabetes Mellitus (Edition 2013) [9] were met. 
(2) There was no contraindication for the study 
drug. (3) Informed consent form was signed. 
The exclusion criteria were shown below: (1) 
patients with acute and chronic complications 
of inflammation diabetes mellitus; (2) Patients 
with serious cardiovascular events within a half 
a year, such as myocardial infarction and cere-
bral infarction; (3) Patients with hypertension 
and blood pressure still > 180/110 mmHg after 
anti-hypertensive treatment; (4) Patients with 
severe liver and kidney dysfunction; (5) Women 
who were pregnant and lactating. The patients 
were categorized as control group (CG) and 
research group (RG) in accordance with a ran-
dom number table, 43 patients in each group. 
This study has been approved by the Ethics 
Committee of Geriatric Hospital of Zhejiang 
Province.

Methods

The patients in CG were given Metformin 
Hydrochloride Tablets (China Associate Ph- 
armaceutical Co., Ltd., GYZZ H44024853)  
0.85 g twice daily by oral administration. The 
patients in RG received Liraglutide Injection 

(Novo Nordisk, GYZZ J20160037). The initial 
treatment dose was 0.6 mg once daily by  
subcutaneous injection. The daily dose was 
increased to 1.2 mg after 7 d if the patient did 
not feel discomfort. Meanwhile, it was adjusted 
in accordance with blood glucose level. The 
highest dose did not exceed 1.8 mg daily. 
Patients in both groups were given a 6-month 
treatment cycle.

Outcome measures

(1) Blood glucose level: fasting blood glucose 
(FBG) and 2 h postprandial blood glucose 
(2hPG) were determined with the hexokinase 
method before and after treatment. Gl- 
ycosylated hemoglobin HbA1C was tested wi- 
th high performance liquid chromatography 
(HPLC) (All kits were provided by Bio-Rad 
Laboratories). In very small amounts, the sam-
ple mixture to be separated and tested is sent 
into a stream of mobile phase percolating via a 
column. The mixture moves through the column 
at varying velocities and interacts with the sor-
bent. The time at which a specific analyte 
emerges from the column is termed as its 
retention time. The retention time is measured 
under specific conditions and considered as 
the identifying characteristic of a given 
analyte. 

(2) Blood lipid level: fasting without solids and 
liquids was performed for at least 8 h before 
and after treatment. The fasting venous blood 
was extracted. Abbott AEROSET automatic bio-
chemical analyzer was used to test the levels of 
triglyceride (TG), total cholesterol (TC), high-
density lipoprotein (HDL-C) and low density lipo-
protein (LDL-C).

(3) Insulin resistance: chemiluminescence 
immunoassay was adopted to measure the 
fasting insulin level (Bio-Rad kit). Insulin resis-
tance index (HOMA-IR) = 20× fasting blood glu-
cose * fasting insulin/22.5. Insulin β cell func-
tion index (HOMA-β) = Fasting insulin *20/
(Fasting blood glucose-3.5). 

(4) Physical distribution: body Weight, body 
mass index (BMI) and waistline were measured 
before and after treatment. The formula for 
BMI is weight in kilograms divided by height in 
meters squared.
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(5) Oxidative stress: enzyme-linked immunosor-
bent assay was introduced to determine urine 
8-isoprostanes F2α (kit was provided by R&D 
Company).

Statistical analysis

SPSS 19.0 was used to analyze the data 
obtained in this study. The measurement data 
was analyzed by t test. The figures were plotted 
with Graphpad prism 8. The enumeration data 
was analyzed by χ2 test. P < 0.05 implied signifi-
cant difference. 

Results

The general information was not different be-
tween the two groups 

There were 23 males and 20 females in the RG, 
and 21 males and 32 females in the CG, which 
showed no significant difference. The clinical 

data of mean age, body mass 
index and duration of diabetes 
mellitus were 62.17 ± 7.22 
years, 31.18 ± 1.53 kg/m2 and 
3.3 ± 0.6 years, respectively in 
RG; and 61.83 ± 7.65 years, 
31.06 ± 1.71 kg/m2 and 3.5 ± 
0.5 years, respectively in CG, 
which showed no significant 
differences (Table 1).

The reduction of blood glucose 
level by liraglutide 

Before treatment, the levels of 
FBG, 2hPPG and HbA1c in bo- 
th groups were not significant- 
ly different (P > 0.05). FBG, 
2hPPG and HbA1c in both 
groups dramatically decreas- 
ed after treatment. The three 
measures in RG were lower 
than those in CG (P < 0.05). 
This indicated that Liraglutide 
can significantly reduce the 

level of blood glucose compared to metformin 
(Figure 1). 

Liraglutide reduces the levels of blood lipid

Before treatment, the levels of TG, TC and 
LDL-C in both groups were not significantly dif-
ferent (P > 0.05). TG, TC and LDL-C in both 
groups remarkably decreased and HDL-C 
increased after treatment. The former three 
measures in the RG group were lower than 
those in CG after treatment (P < 0.05). The 
HDL-C level was higher than that in CG (P < 
0.05). This implied that Liraglutide can clearly 
reduce the level of blood lipid compared with 
metformin (Figure 2). 

Liraglutide improves insulin resistance

Before treatment, the levels of HOMA-IR in both 
groups was not significantly different (P > 0.05). 
HOMA-IR in both groups reduced and HOMA-β 
increased after treatment (P < 0.05). HOMA-IR 

Figure 1. Blood glucose level was 
markedly reduced by Liraglutide. 
Note: compared with the level before 
treatment, *P < 0.05; compared with 
control group (CG), #P < 0.05.

Table 1. Comparison of clinical data

Group n Gender n/%
Males Females Age (years) (Body mass index) 

(kg/m2)
Duration of diabetes 

mellitus (years)
Research group 43 23 (69.05) 20 (30.95) 62.17 ± 7.22 31.18 ± 1.53 3.3 ± 0.6
Control group 43 21 (71.43) 32 (28.57) 61.83 ± 7.65 31.06 ± 1.71 3.5 ± 0.5
t 3.44 5.76 11.23 5.21
P < 0.05 < 0.05 < 0.05 < 0.05
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in RG after treatment was lower than that in CG 
(P < 0.05). HOMA-β after treatment was higher 
than that in CG (P < 0.05). This suggested that 
Liraglutide can clearly improve insulin resis-
tance (Figure 3). 

Liraglutide improves the physical distribution 
of body mass

Before treatment, the levels of weight, body 
mass index and waistline in both groups were 

not significantly different (P > 
0.05). Weight, body mass in- 
dex and waistline in both gr- 
oups decreased after treat-
ment. The three measures in 
CG were higher than those in 
RG (P < 0.05). This implied th- 
at Liraglutide can markedly 
improve the physical distribu-
tion of body mass (Figure 4).

Liraglutide improves oxidative 
stress levels

Before treatment, the levels  
of urine 8-isoprostanes F2α 
and MDA in both groups were 
not significantly different (P > 
0.05). The levels of urine 8-iso-
prostanes F2α and MDA in 
both groups decreased and 
T-AOC level increased after 
treatment (P < 0.05). The lev-
els of urine 8-isoprostanes 
F2α and MDA in RG after tre- 
atment were lower than those 
in CG (P < 0.05). The level of 
T-AOC after treatment was 
higher than that in CG (P < 
0.05). It indicated that Li- 
raglutide can remarkably im- 
prove the oxidative stress level 
(Figure 5).

Discussion

Many factors are involved the 
progress of T2DM, including 
genetic factors and environ-
mental factors. The clinical 
manifestations are elevated 
blood glucose and insulin re- 
sistance [10, 11]. In recent 
years, with the aging of the 

population in China, the incidence of T2DM 
complicated with MS is increasing. It seriously 
endangers the health of patients. Although 
intensive drug therapy is given to the patients 
with T2DM complicated with MS, the central 
obesity, hypertension and other abnormal con-
ditions are still likely to cause cardiovascular 
disease [12, 13]. Meanwhile, oxidative stress 
exists in T2DM patients with MS. Excessive 
free radicals are produced. It leads to biological 
film lipid peroxidation, enzyme denaturation, 

Figure 2. The blood lipid level was observably reduced by Liraglutide. Note: 
compared with the level before treatment, *P < 0.05. Compared with CG, 
#P < 0.05.

Figure 3. The insulin resistance status was remarkably improved by Liraglu-
tide. Note: compared with the status before treatment, *P < 0.05. #P < 0.05 
compared to CG.
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etc. As a result, cell damage and death is 
caused [14-16]. Therefore, improvement of 
patient’s physical distribution, control of blood 
glucose, improvement of insulin function, alle-
viation of oxidative stress in clinical treatment 

are of great significance for 
control of disease progression 
of T2DM complicated with MS. 
In this study, Liraglutide was 
used for treatment of patients 
with T2DM and MS. The results 
showed that Liraglutide can 
remarkably improve the post-
prandial blood glucose, blood 
lipid levels, insulin resistance 
and physical distribution of bo- 
dy mass. The mechanism may 
be related to the improvement 
of oxidative stress levels in 
patients.

Liraglutide belongs to an ana-
logue obtained by modifying 
glucagon-like peptide. It can 
stimulate insulin synthesis and 
release, regulate glucagon pr- 
oduction and control blood glu-
cose fluctuation [17, 18]. How- 
ever, the specific mechanism 
has not been clearly elucidat-
ed. The effects of Liraglutide, 
including losing weight, con-
trolling blood glucose, etc. may 
be related to delaying gastric 
emptying, increasing satiety 
and inhibiting the feeding cen-
ter of thalamus. In this study, 
the patients in RG were treated 
with Liraglutide. The patients 
in CG were given metformin. 
The results showed that 2hPPG 
in RG was lower than that in 
CG. The improvement of HO- 
MA-IR and HOMA-β was more 
apparent in RG than in CG. Th- 
is result is consistent with the 
previous study [19]. It indicat-
ed that Liraglutide can better 
improve insulin resistance, en- 
hance the islet cell function 
and control postprandial blood 
glucose and blood lipid level. 
Our study showed that the 

weight, body mass index and waistline in RG 
were lower than those in CG after treatment. It 
implied that Liraglutide can improve physical 
distribution of the body, reduce weight and 
reduce the waistline of patients with T2DM and 

Figure 4. Physical distribution of body 
mass was significantly improved by 
Liraglutide. Note: compared with the 
distribution before treatment, *P < 
0.05. Compared to CG, #P < 0.05.

Figure 5. Oxidative stress level was 
dramatically improved by Liraglutide. 
Note: compared with the level before 
treatment, *P < 0.05. Compared with 
CG, #P < 0.05.
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MS.  The result is consistent with previous stud-
ies [20, 21].

Oxidative stress means the excessive produc-
tion or reduced loss of reactive oxygen species 
(ROS) and reactive nitrogen species (RNS) in 
body. It results in the abnormal increase of free 
radicals and biological membrane lipid peroxi-
dation. Furthermore, denaturation of intracel-
lular proteins and enzymes, DNA damage and 
death or apoptosis of cells occur. T-AOC and 
MDA are important indexes. They indirectly 
reflect the level of oxidative stress in vivo [22, 
23]. MDA is the toxic end product during oxida-
tive stress reactions. Its levels can reflect the 
severity of free radical imbalance in body cells. 
T-AOC can reflect the number of known and 
unknown antioxidants in bodily fluids. It can 
evaluate the body’s antioxidant activity overall. 
Isoprostanes F2 is a prostaglandin F2 isomer. It 
can promote the decomposition of oxygen radi-
cals and reduce tissue injury. Urine 8-isopros-
tanes F2α is an important component of iso-
prostanes F2. It can directly reflect the degree 
of oxidative stress [24]. Additional study has 
found that [25, 26] the high glucose state in 
diabetes mellitus patients can promote the pro-
duction of more superoxide anion and exces-
sive ROS by the mitochondria. When the body’s 
scavenging activity is exceeded, ROS can active 
signal transduction cascade pathways and 
transcription factors. The glycosylation end 
product pathway, polyalcohol pathway, hexos-
amine bypass and protein kinase C (PKC) path-
way are activated. It results in oxidative stress 
injury and intracellular proteins, membrane li- 
pid and nucleic acid damage. Thus, cell death is 
caused. The study showed that the levels of 
urine 8-isoprostanes F2α and MDA in RG are 
significantly reduced after treatment. T-AOC 
level remarkably increased. The improvement 
of all measures was better in RG than that in 
CG. It implied that Liraglutide can alleviate the 
oxidative stress, reduce the levels of urine 
8-isoprostanes F2α and MDA, improve the 
activity of 8-isoprostanes F2α and MDA and 
promote the overall antioxidant capacity of 
patients with T2DM and MS. However, due to 
the small sample size and short treatment 
time, the long-term effect of Liraglutide in 
patients with T2DM complicated with MS and 
the outcome of cardiovascular improvement 
still need to be observed by expanding the sam-
ple size. 

In summary, Liraglutide can remarkably im- 
prove the postprandial blood glucose, insulin 
resistance, physical distribution and oxidative 
stress of patients with T2DM and MS.
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