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  Abstract 
Objective: The purpose of this study was to analyze the effect of liraglutide 
administration combined with intensive insulin therapy on the pancreatic β 
cell function and blood lipid in patients with type 2 diabetes mellitus (T2DM). 
Methods: The patients with T2DM admitted to our hospital from August 
2017 to December 2019 were selected as study subjects. According to the 
treatments, a total of 200 patients were randomly divided into control group (n 
= 70) and observation group (n = 130). The patients in the control group were 
treated with glimepiride combined with intensive insulin therapy. The patients 
in the observation group were given liraglutide combined with intensive insu-
lin therapy. The changes of body weight and β cell function of patients was 
compared and analyzed between the two groups. Results: The values of body 
weight, abdominal circumference and body mass index for patients in the con-
trol group revealed no significant difference after treatment compared to 
non-treatment (P>0.05), but these values in the observation group showed 
significant decline after treatment (P<0.05). The two groups indicated an ob-
vious decrease on the triglyceride (TG), Total cholesterol (TC), and Low den-
sity lipoprotein (LDL), and a significant increase on the high density lipo-
protein (HDL) after treatment (P<0.05). In addition, these values in the ob-
servation group were superior to that in the control group (P<0.05). There was 
a decline on the fasting plasma glucose (FPG), glycosylated hemoglobin 
(HbA1c), and homeostasis model assessment-insulin resistance (HOMA-IR), 
and a significant increase on the homeostasis model assessment-β (HOMA-β) 
in both groups after treatment (P<0.05). But these changes were more ob-
viously in the observation group (P<0.05). Conclusion: Liraglutide adminis-
tration combined with insulin intensive therapy were contributed to improving 
β cell function, and reducing blood lipid and body weight. 
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1. Introduction 

Diabetes is characterized by high blood sugar and one of the biggest epidemics in the world. It involves type 1 
diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) [1]. The T1DM is induced by the insulin deficiency, 
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and the T2DM is related to the insulin resistance. The two forms are associated with the destruction of pancreatic 
beta cell [2]. The incidence and mortality of diabetes increased year by year, especially in China, the United States 
and India, in which T2DM accounted for a large proportion. The latest global estimate of the International Diabetes 
Federation is that there will be 642 million diabetics in 2040 [3]. In addition, the incidence of T2DM is increasing 
in children and teenagers [4]. The T2DM leads to a series of complications such as cardiovascular disease, kidney, 
retina and nervous system diseases, which can be life-threatening [5]. The evidences suggest that there is an urgent 
need to formulate and implement new preventive and therapeutic strategies. Since natural history of T2DM refers to 
a continuous process of pancreatic beta cell failure with the metabolic dysfunction, and insulin possesses an-
ti-inflammatory and antioxidant properties. Nowadays, the insulin therapy has been remained as a basic way to 
control blood glucose and prevent beta cell, vascular endothelial cell, and other organs from damage caused by 
hyperglycemia [6, 7]. In order to enhance the efficacy, some oral antidiabetic drugs, such as metformin and sulfo-
nylureas, have been widely applied in the treatment of T2DM [8]. However, these drugs might run the risk of 
weight gain, hypoglycemia, and hyperinsulinemia [9, 10]. In recent years, the treatment of T2DM with incretin 
therapy has been highly valued, and the relevant drugs specifically target the glucagon like peptide-1 (GLP-1) re-
ceptor and act through the incretin system [11]. The liraglutide, as a GLP-1 analogue, can increase the postprandial 
insulin levels through glucose dependent way, and it has been related to the weight loss and blood pressure reduc-
tion [12]. But there was little evidence indicated the liraglutide combined with intensive insulin therapy in the 
treatment of T2DM. The purpose of this study aimed at investigating the association between the liraglutide com-
bined intensive insulin therapy and the blood lipid, body weight, and β cell function for the T2DM patients.  

2. Materials and methods 
2.1 Research subjects 

The patients with T2DM in our hospital from August 2017 to December 2019 were selected as the research sub-
jects. A total of 200 patients were randomly divided into two groups. The control group (n = 70) involved 41 males 
and 29 females, who aged from 41-74 years, with an average of (61.4 ± 11.5) years, and the course of disease was 
2-20 years, and with an average of (13.5 ± 8) year. The observation group (n = 130) included 78 males and 52 fe-
males, who ranged from 44-73 years, with an average of (61.9 ± 8) years, and the course of disease was 2-22 years, 
with an average of (14.2 ± 1) years. There was no significant difference in gender ratio, average age, course of dis-
ease and other general information between the two groups (P> 0.05). 

2.2 Inclusion criteria and exclusion criteria 

All patients included should be met following criteria: a. Fasting plasma glucose (FPG) ≥ 7 mmol/Lor 2 h post-
prandial plasma glucose (PPG) ≥ 11.1 mmol/L; b. Age from 18-80 years, the course of disease < 30 years; c. FPG ≥ 
8.0 mmol/L and 2h PPG ≥ 13.9 mmol/L after 1 week of intensive insulin therapy; d. Complete clinical data and 
informed consent was signed voluntarily. The patients be in accord with any of following criteria should be ex-
cluded: a. Groups including end-stage renal disease, severe liver function impairment, history of pancreatitis, 
T1DM or diabetic ketoacidosis, pregnant and lactating women and children; b. History of medullary thyroid carci-
noma or family history of tumor and blood disease; c. Non-compliant patient; d. Patients received other drugs like 
glucocorticoids leading to adverse reaction during study.  

2.3 Methods 

The patients in the control group were given oral glimepiride combined with intensive insulin therapy. Usually 2 
mg glimepiride was taken in once a day and the dosage of glimepiride and insulin were adjusted according to the 
blood glucose level of patients. 6 mg glimepiride at most per day was applied to the patients and the other oral 
drugs remained unchanged. On the basis of intensive insulin therapy, the patients in the observation group were 
received subcutaneous injection liraglutide with 0.6 mg dosage once a day. The therapy was lasted for 12 weeks.  

2.4 Blood collection and outcome measures 

The patients were collected fasting venous blood before and 12 weeks after treatment respectively.  
The blood samples were restored in a medical refrigerator at 4°C, and centrifuged for 10 minutes at the speed of 

3,000 rpm to separate the serum for testing. The FPG, low density lipoprotein (LDL), high density lipoprotein 
(HDL), triglyceride (TG), and total cholesterol (TC) were detected by automatic biochemical analyzer 
(ARCHITECT c1600, Abbott, China). The glycosylated hemoglobin (HbA1c) was examined by the glycosylated 
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hemoglobin analyzer (H50, Mindray, China). The fasting insulin (FINS) was detected by the automatic electroche-
miluminescence immunoassay analyzer (Cobas E601, Roche, China). All processes were in strict accordance with 
the instructions. The values of body weight, abdominal circumference, and body mass index were recorded, and 
homeostasis model assessment-β (HOMA-β) = 20 ✕ FINS/(FBG-3.5), homeostasis model assessment-insulin re-

sistance (HOMA-IR) = FPG × FINS/22.5.  

3. Statistical analysis 
Spss20.0 statistical software was used to process the data. The measurement data were expressed by mean ± 

standard deviation and analyzed by t test. The counting data were analyzed by chi-square test. P< 0.05 was consi-
dered to be statistically significance.  

4. Results 
4.1 The liraglutide administration decreased body weight at 12 weeks after treatment 

As listed in Table 1, the changes of the weight, abdominal circumference, and body mass index in the control 
group had no significant difference after treatment (P> 0.05), while these values in the observation group were sig-
nificantly decreased (P< 0.05).  

4.2 The liraglutide administration was quite effective in adjusting blood lipid at 12 weeks after treat-
ment 

As showed in the Table 2, the values of TG, TC and LDL were significantly decreased, and HDL obviously in-
creased in the two groups after treatment (P< 0.05). But these values in the observation group were superior to 
those in the control group (P< 0.05).  

Table 1. Changes of body weight, abdominal circumference and body mass index between the two groups 

Group Body weight(kg) Body mass index (kg/m2) Abdominal circumference (cm) 

Control group Before treatment 85.6 ± 10.2 29.3 ± 4.5 103.5 ± 11.2 
 At 12 weeks after treatment 84.6 ± 8.3 29.1 ± 5.8 102.3 ± 10.8 

t  0.754 0.258 0.347 

P  >0.05 >0.05 >0.05 

Observation group 
Before treatment 85.8 ± 8.7 29.5 ± 6.1 103.6 ± 11.7 

At 12 weeks after treatment 80.4 ± 9.2* 26.4 ± 5.7* 95.9 ± 9.6* 

t  4.637 5.285 4.636 

P  < 0.05 < 0.05 < 0.05 

The sign of * indicated P<0.05 compared with control group. 

Table 2. The blood lipid changes between the two groups 

Group TG (mmol/L) TC (mmol/L) LDL (mmol/L) HDL (mmol/L) 

Control group Before treatment 2.69 ± 0.54 5.93 ± 0.92 3.76 ± 0.78 1.21 ± 0.42 
 At 12 weeks after treatment 2.15 ± 0.43 4.23 ± 0.87 3.03 ± 0.69 1.47 ± 0.60 

t  4.275 5.128 4.158 8.052 

P  <0.05 <0.05 <0.05 <0.05 

Observation group 
Before treatment 2.671 ± 0.78 5.98 ± 0.74 3.80 ± 0.99 1.18 ± 0.55 

At 12 weeks after treatment 1.62 ± 0.54* 2.90 ± 0.82* 2.08 ± 0.72* 1.81 ± 0.68* 

t  3.978 4.441 3.879 6.315 

P  <0.05 <0.05 <0.05 <0.05 

The sign of * indicated P<0.05 compared with control group. 
TG: triglyceride; TC: total cholesterol; LDL: low density lipoprotein; HDL: high density lipoprotein. 
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4.3 The liraglutide administration reduced blood glucose and improved β cell function at 12 weeks after 
treatment 

It was found that the FPG, HbA1c, and HOMA-IR value were significantly decreased, and HOMA-β value was 
obviously increased in the control group and in the observation group after treatment (P< 0.05). The changes of the 
above indexes in the observation group were more obvious compared to the control group (P < 0.05, see Table 3).  

Table 3. Comparison of blood glucose, insulin resistance and β cell function between the two groups 

Group FPG (mmol/L) HbA1c (%) HOMA-β HOMA-IR 

Control group 
Before treatment 9.88 ± 1.67 10.3 ± 2.04 34.51 ± 5.98 3.20 ± 1.36 

At 12 weeks after treatment 7.31 ± 0.87 8.9 ± 0.8） 38.18 ± 6.34 2.45 ± 0.85 

t  3.658 4.206 4.856 5.361 

p  <0.05 <0.05 <0.05 <0.05 

Observation group 
Before treatment 9.97 ± 1.47 10.4 ± 2.23 34.78 ± 6.99 3.30 ± 1.48 

At 12 weeks after treatment 6.56 ± 0.65* 8.5 ± 1.7* 51.36 ± 7.38* 1.92 ± 0.61* 

t  3.639 3.503 4.086 5.648 

P  <0.05 <0.05 <0.05 <0.05 

FPG: fasting plasma glucose; HbA1c: glycosylated hemoglobin; HOMA-β: homeostasis model assessment-β; HOMA-IR: homeostasis model assess-
ment-insulin resistance. 

5. Discussion 
T2DM is one of the main diseases that affect people’s health and survival in modern society, and its complica-

tions are associated with the main clinical death [5]. The T2DM represents insulin resistance, and the insulin thera-
py is an important way to improve insulin resistance [13]. In the past, the treatment of T2DM is mainly based on 
diet control, an oral hypoglycemic drug or combined with insulin threapy. But the main target cell of this treatment 
is β cell, unable to act on α cell [14]. At the same time, with the increase of long-term drug dosage and type, pa-
tients may have adverse reactions such as hypoglycemia, obesity and cardiovascular events [8]. Therefore, in order 
to avoid the above adverse reactions, the treatment on targeting the β cell and α cell is in necessity. The liraglutide 
has been proved to protect β cell and α cell, which leaded to control blood sugar [15].  

The purpose of this study was to analyze the effect of liraglutide combined with intensive insulin therapy on pa-
tients with T2DM. According to the data, there were no significant changes in body weight, abdominal circumfe-
rence and body mass index in the control group after treatment, but these values in the observation group were sig-
nificantly decreased. These findings indicated that liraglutide administration promoted weight loss. It was found 
that the administration of semaglutide and liraglutide significantly reduced the body weight of obese patients com-
pared to placebo [16]. The study has indicated that compared with exenatide and sitagliptin, long-term use of lirag-
lutide combined with metformin in T2DM patients revealed longer life expectancy [17]. In addition, this study in-
dicated that the values of TG, TC and LDL were significantly decreased, and HDL obviously increased in the two 
groups after treatment, but these changes in the observation group were superior to those in the control group. The 
values showed that the liraglutide administration could regulate blood lipid for T2DM patients. Some researches 
indicated short-term use of high dose liraglutide can reduce the concentration of total cholesterol, free cholesterol, 
residual cholesterol which related to the cardiovascular disease [18], and the TC, TG, and LDL values of mice were 
significantly reduced by the liraglutide administration, also the liver lipid deposition in HFD fed dbb/db mice was 
reduced [19]. Some studies about the mouse model of T2DM suggested that liraglutide enhanced autophagy and 
promoted the proliferation of pancreatic function β cell [20]. The T2DM patients’ blood glucose can be stabilized 
by using liraglutide on the basis of the metformin treatment, which can significantly reduce the level of HbA1c and 
increase weight loss [21]. In this analysis, it was found that the FPG, HbA1c, and HOMA-IR value were signifi-
cantly decreased, and HOMA-β value was obviously increased in the control group and in the observation group 
after treatment, but these changes in the observation group were more obvious. It suggested that liraglutide com-
bined with intensive insulin therapy is effective treatment for patients with T2DM, which controlled the blood glu-
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cose and improved pancreatic β cell function. In the future study, we will further verify this hypothesis by estab-
lishing an animal model of T2DM, and analyze the pathological changes and recovery of the key parts in the pan-
creatic pathological section. At the same time, we will also use agonist and inhibitor methods to verify the correct-
ness of the conclusion. 

Therefore, liraglutide combined with intensive insulin therapy is an effective way for patients with T2DM, which 
improves the β cell function, regulates blood lipid and reduces the weight of patients. 
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