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Abstract. Effects of glucagon-like peptide-1 (GLP-1) 
receptor agonist on cardiovascular complications of diabetes 
mellitus (DM) were investigated. In total, 132 DM patients 
treated in Tengzhou Central People's Hospital from April 2013 
to September 2016 were included. Of these, 71 cases treated 
with basic drugs plus GLP-1 were the research group, and 
61 cases treated with glipizide controlled release tablets 
the control group. The improvement of clinical efficacy of 
patients in the two groups after treatment was observed. The 
concentrations of FPG, HbAlc, TC, LDL-C, and HDL-C in 
serum of patients in the two groups before and after treat-
ment were compared, and the incidence rate of cardiovascular 
disease complications of diabetes was recorded. Expression 
of FPG, HbAlc, TC, LDL-C, and HDL-C of patients in the 
two groups were further detected. ROC curve was drawn to 
analyze its predictive value. In terms of markedly effective 
treatment rate and overall effective rate, the research group 
was significantly better than the control group (P<0.05). After 
treatment, the concentrations of FPG, HbAlc, TC, LDL-C, 
and HDL-C in serum of patients in the research group were 
significantly lower than those in the control group (P<0.05). 
The incidence rate of cardiovascular diseases and residual 
vascular risks in the research group were significantly higher 
than those in the control group (P<0.05). After treatment, the 
AUC of FPG, HbAlc, TC, LDL-C, and HDL-C in serum for 
predicting cardiovascular complications in DM patients were, 
respectively, 0.742, 0.780, 0.737, 0.726, and 0.721. In conclu-
sion, GLP‑1 receptor agonist can improve the clinical efficacy 
of patients. Through ROC curve, FPG, HbAlc, TC, LDL-C and 
HDL-C can be used as predictors of cardiovascular complica-
tions in DM patients, which has high clinical value.

Introduction

Diabetes mellitus (DM) is a very common metabolic disorder 
with a very high morbidity in the world (1). DM is a group of 
metabolic diseases characterized by hyperglycemia caused by 
insulin secretion deficiency, insulin action, or both. Chronic 
hyperglycemia of DM is associated with long‑term damage, 
dysfunction, and failure of different organs, especially eyes, 
kidneys, nerves, heart, and blood vessels (2). DM is the disease 
with the highest morbidity in the world at present. With the 
progress of society and the improvement of people's quality 
of life, the morbidity tend to be increasing (3). It was reported 
that the global DM patients will reach 25.6% in 2015 (4). 
DM causes various complications, such as cardiovascular 
and cerebrovascular diseases, nervous system diseases, and 
kidney diseases. The disease deteriorates without timely treat-
ment, malignant tumor diseases will be directly caused. DM 
is defined by the elevation of blood glucose markers and is a 
major risk factor for cardiovascular diseases, which is the most 
common cause of death for DM patients (5).

Reducing cardiovascular disease burden of DM patients is 
an important clinical task. Priority should be given to reducing 
premature death, improving quality of life, reducing individual 
and economic burden of related diseases (6). Glucagon-like 
peptide‑1 (GLP‑1) is a physiological incretin hormone that is 
released after the intake of nutrients from the lower digestive 
tract and stimulates insulin secretion at elevated blood glucose 
concentrations (7). GLP‑1 can effectively stimulate insulin, 
inhibit glucagon secretion, inhibit gastric emptying, and 
reduce appetite and food intake (8). However, whether GLP‑1 
receptor agonist can affect cardiovascular complications in 
DM patients still needs further research. Therefore, this inves-
tigation was carried out to provide reference for future clinical 
practice on the concentration of blood sugar and blood lipid 
before and after DM treatment, and the predictive value of 
blood sugar and blood lipid concentration after DM treatment 
on cardiovascular disease complications of DM patients.

Patients and methods

General data. This study includes 132 DM patients who were 
treated in Tengzhou Central People's Hospital (Tengzhou, 
China) from April 2013 to September 2016. In the research 
group, basic drugs plus GLP-1 were used. Patients in the 
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research group included 35 males and 36 females, aged 
33‑65 years, with a mean age of 45.3±8.2. Sixty‑one cases with 
glipizide controlled release tablets were in the control group, 
including 36 males and 25 females, aged 35‑68 years, with a 
mean age of 46.7±9.5. This study was approved by the Medical 
Ethics Committee of Tengzhou Central People's Hospital.

Inclusion and exclusion criteria. Inclusion criteria: Patients 
were diagnosed and treated in Tengzhou Central People's 
Hospital; with complete clinical data, aged 30‑70 years, able to 
cooperate with the investigation, and no allergy to test drugs. 
There are no other serious organ diseases affecting the study, 
and the informed consent was signed by the patients or family 
members.

Exclusion criteria: Patients who died in the course of 
treatment; combined with other tumors; combined with 
other cardiovascular and cerebrovascular diseases, physical 
disability, pregnancy; combined with other autoimmune 
diseases; combined with other chronic diseases, transfer, 
mental diseases, and language dysfunction, as well as diseases 
affecting the results of this study.

Treatment plan for patients. The control group  was treated 
with conventional drugs. The patients took glipizide 
controlled release tablets (Beijing Honglin Pharmaceutical 
Co., Ltd., SFDA approval no. H20084634) orally, with 
an initial dose of 5 mg/time and 1 time/day, and then the 
dose was adjusted according to the results of blood glucose 
monitoring, but ≤20 mg/day, for 4 consecutive months. The 
research group was given exenatide injection treatment 
(Guangzhou UWA Technology Co., Ltd., Art. no. 22‑197, at 
10 µg. Dosage scale injection pen: 0.25 mg/ml, 2.4 ml/branch, 
a single injection dose of 10 µg, including 60 injections), 
subcutaneous injection 2 times/day. The first 3 weeks were 
the lead-in period, on the basis of the above treatment, the 
patient was injected subcutaneously with 1 ml of normal 
saline. From the 4th to the 7th week, patients were treated 
with GLP‑1 receptor agonist (H20090382, Hangzhou Haoxin 
Biotechnology Co., Ltd., Art. no. HYP0014‑1, at 10 µg 
dose scale injection pen: 0.25 mg/ml, 2.4 ml/branch, 10 µg 
for single injection, 60 injections), 10 µg/time, 2 times/day. 
Patients were injected with GLP-1 receptor agonist from the 
8th to 15th weeks, 10 µg/time, 2 times/day for continuous 
treatment for 4 months.

Efficacy assessment. The criteria for clinical efficacy: 
markedly effective: clinical signs, symptoms completely 
disappeared or significantly relieved; effective: comprehen-
sive symptoms have some relief; invalid: no change in clinical 
symptoms and signs. The criteria for cardiac autonomic func-
tion: markedly effective: cardiac autonomic function returned 
to normal or significantly improved; effective: cardiac 
autonomic function improved; invalid: no change in cardiac 
autonomic function.

Detection methods. Venous blood (5 ml) was drawn from 
patients in the two groups before and after treatment, 
respectively. The venous blood was quiescent for 30 min and 
centrifuged at 1,500 x g at 24˚C for 10 min. The blood glucose 
function (fasting blood glucose FPG, glycosylated hemoglobin 

HbAlc) and blood lipid function (serum total cholesterol TC, 
low density lipoprotein cholesterol LDL‑C, high density lipo-
protein cholesterol HDL‑C) were detected by a full automatic 
biochemical analyzer (Jiaozuo Lufeifan Biotechnology Co., 
Ltd., Art. no.  LFF‑LC‑1781).

Observation indicators. Indicators to be observed: The 
improvement of clinical efficacy of patients in the two groups 
after treatment were observed; the concentrations of FPG, 
HbAlc, TC, LDL-C, and HDL-C in serum of patients in the 
two groups before and after treatment were compared; and 
the incidence rate of cardiovascular disease complications of 
diabetic were recorded.

Secondary observation indicators: The predictive value of 
concentrations of FPG, HbAlc, TC, LDL-C, and HDL-C on 
cardiovascular disease was observed.

Statistical methods. In this study, SPSS 20.0 software 
was used to carry out statistical analysis on the collected 
data, GraphPad 7 software was used to draw the required 
illustrations and K‑S test was used to analyze the distribu-
tion of dose data. Normal distribution data were expressed 
by mean ± standard deviation (mean ± SD). Inter‑group 
comparison was conducted by independent‑samples t‑test, 
and intra‑group comparison was conducted by paired 
t‑test. Counting data, utilization (%), were expressed by 
Chi‑square (χ2) test. The predictive value of FPG, HbAlc, 
TC, LDL-C, and HDL-C on cardiovascular diseases of 
DM patients after treatment was plotted by ROC (receiver 
operating characteristic); P<0.05 was considered to indicate 
a statistically significant difference.

Results

Basic clinical data of patients. Age, sex, BMI, marital status, 
ethnicity, place of residence, smoking and drinking history, 
and movement condition in the clinical data of the research 
group and the control group were not significantly different 
(P>0.05), as shown in Table I.

Improvement of clinical efficacy of patients in the two groups 
after treatment. Total of 38 cases (53.52%) were mark-
edly effective, and 24 cases (33.80%) were effective in the 
research group; 22 cases (36.07%) were markedly effective 
and  21 cases (34.43%) were effective in the control group. In 
terms of marked effect, the research group was significantly 
higher than the control group (P<0.05), while in terms of 
effectiveness, the two groups had no statistical significance 
(P>0.05). The effective treatment rate in the research group 
(87.32%) was significantly higher than the control group 
(70.49%). P<0.05, indicates a statistically significant differ-
ence (Table II).

Comparison of concentrations of FPG, HbAlc, TC, LDL‑C, 
and HDL‑C in serum of patients between the two groups 
before and after treatment. The concentrations of FPG, 
HbAlc, TC, LDL-C, and HDL-C in the research group were,  
respectively, 11.54±1.28 mmol/l, 11.03±1.18%, 5.48±1.27, 
4.18±1.19 and 1.68±0.43 mmol/l before treatment. After 
treatment, the concentrations of FPG, HbAlc, TC, LDL-C, 
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and HDL‑C in the research group were, respectively, 
6.13±0.35 mmol/l, 7.15±0.34%, 3.93±0.62, 1.95±0.84 and 
0.75±0.42 mmol/l. The concentrations of FPG, HbAlc, TC, 
LDL-C, and HDL-C in the control group were, respec-
tively, 11.62±1.34, 11.53±0.82%, 5.53±1.31, 3.06±0.82 and 
1.30±0.67 mmol/l before treatment. After treatment, the 
concentrations of FPG, HbAlc, TC, LDL-C, and HDL-C 
in the control group were, respectively, 6.57±0.63 mmol/l, 
7.62±0.56%, 4.95±0.92, 2.68±0.73 and 1.08±0.57 mmol/l. 
There was no significant difference of patients between the 
two groups before treatment, P>0.05. After treatment, the 
indicators of patients in the research group were significantly 
lower than those in the control group. P<0.05, as shown in 
Table III and Fig. 1.

Incidence rate of cardiovascular diseases in DM patients. 
Comparing the incidence rate of cardiovascular diseases and 
residual vascular risks of patients between the two groups, the 
incidence rate of cardiovascular diseases and residual vascular 
risks in the research group were significantly lower than those 
in the control group. P<0.05 (Table IV).

The predictive value of the concentration of FPG, HbAlc, 
TC, LDL‑C, and HDL‑C on cardiovascular diseases in 
DM patients after treatment. Patients were divided into 
the occurrence group and the non-occurrence group. The 
expression of FPG, HbAlc, TC, LDL-C, and HDL-C in the 
two groups was further detected and found to be different. 
The ROC curves were drawn, showing that the AUC of FPG, 

Table I. Clinical data of patients [n (%)].

Item Research group (71) Control group (61) χ2 or t P-value

Age 45.3±8.2 46.7±9.5 0.909 0.365
Sex   1.247 0.264
  Male 35 (49.30) 36 (59.02)
  Female 36 (50.70) 25 (40.98)
BMI (kg/m2) 25.26±0.37 25.21±0.25 0.894 0.373
Marital status   0.356 0.551
  Married 63 (88.73) 52 (85.25)
  Unmarried   8 (11.27)   9 (14.75)
Ethnicity   0.382 0.536
  Han 61 (85.92) 50 (81.97)
  Minority 10 (14.08) 11 (18.03)
Place of residence   0.115 0.735
  City 41 (57.75) 37 (60.66)
  Countryside 30 (42.25) 24 (39.34)
Smoking history   0.065 0.799
  Yes 38 (53.52) 34 (55.74)
  No 33 (46.48) 27 (44.26)
Drinking history   1.988 0.159
  Yes 32 (45.07) 35 (57.38)
  No 39 (54.93) 26 (42.62)
Exercise habits   0.131 0.717
  Yes 35 (49.30) 32 (52.46)
  No 36 (50.70) 29 (47.54)

Table II. Efficacy of patients in the two groups.

 Efficacy [n (%)]
 -----------------------------------------------------------------------------------------------------
Group Number (n) Markedly effective Effective Ineffective Effective treatment rate (%)

Research group 71 38 (53.52) 24 (33.80) 9 (12.68) 87.32
Control group 61 22 (36.07) 21 (34.43) 18 (29.51) 70.49
χ2   4.032 0.006 5.713 5.713
P‑value  0.045 0.940 0.017 0.017
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HbAlc, TC, LDL‑C and HDL‑C were 0.742, 0.780, 0.737, 
0.726, and 0.721, respectively, which had good prediction value 
(Table V and Fig. 2).

Discussion

DM is defined as a group of metabolic diseases, characterized 

Table III. Comparison of the two groups of patients before and after treatment.

 Research group (n=71) Control group (n=61)
 ----------------------------------------------------------------------------------- ---------------------------------------------------------------------------------- 
Indicator Before treatment After treatment Before treatment After treatment

FPG (mmol/l) 11.54±1.28 6.13±0.35a 11.62±1.34b 6.57±0.63a,c

HbAlc (%) 11.03±1.18 7.15±0.34a 11.53±0.82b 7.62±0.56a,c

TC (mmol/l) 5.48±1.27 3.93±0.62a 5.53±1.31b 4.95±0.92a,c

LDL‑C (mmol/l) 4.18±1.19 1.95±0.84a 3.06±0.82b 2.68±0.73a,c

HDL‑C (mmol/l) 1.68±0.43 0.75±0.42a 1.30±0.67b 1.08±0.57a,c

F 1,068.000 1,724.000 1,312.000 1,404.000
P-value 0.001 0.001 0.001 0.001

aP<0.05, compared with before treatment in the same group; bP>0.05, compared with the research group before treatment; cP>0.05, compared 
with the research group after treatment.

Figure 1. Comparison of concentrations of FPG (A), HbAlc (B), TC (C), LDL-C (D), and HDL-C (E) in serum of patients in the two groups before treatment 
and after treatment. There was no significant difference in patients between the two groups before treatment, P>0.05. After treatment, the indicators of patients 
in the research group were significantly lower than those in the control group (P<0.05). a, indicates a difference at P<0.05.
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by hyperglycemia caused by insulin secretion deficiency, 
insulin action, or both (2). In 2014, the global prevalence 
of DM was ~9% (9), and nearly 1.3 million people died 
of DM (10) in 2010. DM is also associated with high 
morbidity due to a wide range of complications, such as 
retinopathy, nephropathy, neuropathy, and cardiovascular 
diseases (11,12). Prevention and management of these 
complications have become the main aspect of modern DM 
nursing.

Epidemiological studies show that overweight and obesity 
are important risk factors for DM, cardiovascular diseases, 
cancer, and premature death (13). The main risk factor for 

complications of DM is poor blood glucose control (14). 
Some studies have shown that chronic hyperglycemia is 
related to microvascular complications (15,16). Although 
it has been proved that improving blood sugar control can 
reduce microvascular complications in DM patients (17), its 
relationship with macrovascular complications and all-cause 
mortality is still uncertain. In the study of Nadkarni et al (18), 
GLP‑1's hypoglycemic effect was shown to be dependent on 
glucose. GLP‑1 can reduce blood glucose level only when 
blood glucose concentration is higher than fasting level. 
The postprandial blood glucose level decreases with the 
decrease of GLP‑1, and the hypoglycemic effect of GLP‑1 is 
self-terminated. This remarkable glucose-dependent charac-
teristic of GLP-1 leads to a situation that intravenous injection 
of GLP-1 cannot reduce blood glucose below fasting level. 
These drugs can protect the heart muscle, improve myocar-
dial infarction and heart failure by regulating blood sugar, 
blood lipids, blood pressure, and through anti‑inflammatory 
and anti-oxidative stress mechanisms. Because GLP-1 does 
not produce hypoglycemia, these clinical findings lead to 
the use of GLP‑1 receptor agonist as a new hypoglycemic 
agent, which can be used to treat DM. Therefore, in this 
study, DM patients were treated through GLP‑1 receptor 
agonist scheme, and the improvement of clinical efficacy of 
DM patients was observed, to provide reference for clinical 
treatment.

In this study, the clinical efficacy of patients in the 
two groups after treatment was compared. The results 
showed that the research group was significantly better than 
the control group in terms of markedly effective treatment 
rate, while there was no significant difference in effective 
treatment rate between the two groups. In terms of overall 
effective rate, the research group was higher than the control 
group, which shows that GLP-1 receptor agonist scheme can 
improve the effective treatment rate of patients. At present, 
the indicators for clinical detection of DM were gener-
ally blood glucose function (FPG, HbAlc) and blood lipid 

Table IV. Comparison of incidence rate of cardiovascular disease and residual vascular risks [(n (%)].

Group Incidence rate of cardiovascular diseases Incidence rate of residual vascular risks

Research group (n=71)   4   (5.63) 1   (1.41)
Control group (n=61) 10 (16.13) 7 (11.48)
χ2 3.871 5.840
P‑value 0.049 0.016

Table V. ROC diagnosis.

Indicators AUC 95% CI Sensitivity Specificity Standard error Cut‑off

FPG 0.742 0.654‑0.831 73.77% 69.01% 0.045 6.349
HbAlc 0.780 0.701-0.859 60.66% 83.10% 0.040 7.440
TC 0.737 0.647-0.826 63.93% 81.69% 0.046 4.924
LDL‑C 0.726 0.640-0.812 73.77% 66.20% 0.044 2.238
HDL-C 0.721 0.633-0.808 68.58% 69.01% 0.045 1.018

Figure 2. Predictive value of concentrations of FPG, HbAlc, TC, LDL-C, 
and HDL-C on cardiovascular diseases in DM patients after treatment. 
ROC curve analysis shows that FPG has a sensitivity of 73.77% and 
specificity of 69.01% for predicting cardiovascular diseases in DM patients 
when cut‑off value is 6.349. When cut‑off value is 7.440, HbAlc has a sen-
sitivity of 60.66% and specificity of 83.10% for predicting cardiovascular 
disease in DM patients. When the cut‑off value is 4.924, the sensitivity 
of TC to the predictive value of cardiovascular diseases in DM patients 
is 63.93%, the specificity is 81.69%, and the AUC is 0.773. When cut‑off 
value is 2.238, LDL‑C has a sensitivity of 73.77%, specificity of 66.20%, 
and AUC of 0.726 for predicting cardiovascular disease in DM patients. 
When cut‑off value is 1.108, the sensitivity and specificity of HDL‑C for 
predicting cardiovascular diseases in DM patients are 68.58 and 69.01%, 
respectively. DM, diabetes mellitus.
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function (TC, LDL-C, and HDL-C). Although the cellular 
regulation of insulin secretion is quite clear, little is known 
about the control of glucagon secretion (19,20). Whether 
FPG, HbAlc, TC, LDL-C, and HDL-C can be used as predic-
tors of cardiovascular complications in DM patients has not 
been reported. In this study, the concentrations of FPG, 
HbAlc, TC, LDL-C, and HDL-C in serum of the research 
group and the control group before and after treatment were 
compared, and it was found that there was no difference in 
the concentrations of FPG, HbAlc, TC, LDL-C, and HDL-C 
in serum of patients in the two groups before treatment but 
in serum of the research group after treatment they were 
significantly lower than those in the control group, which 
indicated that FPG, HbAlc, TC, LDL-C, and HDL-C were 
better inhibited by adding GLP‑1 receptor agonist. After 
treatment, the incidence rate of cardiovascular diseases 
in DM patients was observed, and it was found that the 
research group was significantly better than the control 
group in both the incidence rate of cardiovascular diseases 
and the incidence rate of residual vascular risks, suggesting 
that GLP‑1 receptor agonist therapy can reduce the inci-
dence rate of complications of cardiovascular diseases in 
DM patients. In a study by Than and Newsome (21), it is 
indicated that liraglutide and GLP‑1 have extremely high 
sequence homologs, and their activities interact with GLP‑1 
receptor to greatly increase the synthesis and metabolism 
of cyclic adenosine monophosphate. Glucose stimulates 
insulin to accelerate secretion when blood sugar increases, 
inhibits glucagon secretion, reduces insulin secretion when 
blood sugar decreases, and maintains normal metabolism of 
glucagon. Finally, ROC curve analysis was performed, and 
it was found that the AUC of FPG, HbAlc, TC, LDL-C, and 
HDL-C in serum after treatment for predicting cardiovas-
cular disease complications in DM patients was respectively 
0.742, 0.780, 0.737, 0.726, and 0.721, respectively, which has 
high clinical value.

In the above studies, the efficacy of GLP‑1 receptor agonist 
on DM patients and the predictive value of FPG, HbAlc, TC, 
LDL-C, and HDL-C in cardiovascular disease complications 
of DM patients were preliminarily proven. However, further 
studies need to be carried out for confirmation.

In conclusion, GLP-1 receptor agonist can improve the 
clinical efficacy of patients. Through ROC analysis, FPG, 
HbAlc, TC, LDL-C, and HDL-C can be used as predictors of 
cardiovascular disease complications in DM patients, which 
has high clinical value.
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