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ABSTRACT

Introduction: Exenatide is a new antidiabetic
glucagon-like peptide-1 receptor agonist. In
addition to its hypoglycemic effect, exenatide
may have a potential protective benefit on vas-
cular endothelial function. This study attemp-
ted to compare the effects of exenatide and
traditional antidiabetic drug metformin treat-
ment on endothelial function in overweight
patients with type 2 diabetes.
Methods: Ninety overweight patients with newly
diagnosed type 2 diabetes were recruited; 45
patients received exenatide (Exe) treatment and 45
patients received metformin (Met) treatment for
12 weeks. The control groups included 37 over-
weight and 24 non-overweight individuals. The
parameters of glucose and lipid metabolism and
endothelial function were measured before and
after treatment. Vascular endothelial dysfunction
was measured by reactive hyperemia index.
Results: Newly diagnosed patients with type 2
diabetes had more serious vascular endothelial
dysfunction than both overweight and normal-

weight control groups. The levels of body mass
index, glucose, HbA1c, homeostasis model
assessment insulin resistance, and homeostasis
model assessment b-cell function were improved
significantly by both exenatide and metformin
treatment. Both exenatide and metformin treat-
ment can improve vascular endothelial function
(Exe group: 1.67 ± 0.52 vs 1.98 ± 0.67, P\0.05;
Met group: 1.68 ± 0.29 vs 1.82 ± 0.24, P\0.05).
Exenatide treatment was no less effective than
metformin in improving endothelial function
(0.31 ± 0.70 vs 0.13 ± 0.24, P[0.05).
Conclusions: Newly diagnosed patients with
type 2 diabetes may have vascular endothelial
dysfunction. Both exenatide and metformin
treatment can improve vascular endothelial
dysfunction, and exenatide was no less effective
than metformin treatment.

Keywords: Endothelial function; Exenatide;
Metformin; Type 2 diabetes

INTRODUCTION

The number of patients with type 2 diabetes
mellitus (T2DM) has increased significantly in
the world with changes of lifestyle [1]. The
acute and chronic complications of T2DM seri-
ously threaten the health of patients. T2DM is
also an important risk factor of cardiovascular
and cerebrovascular diseases [2]. Therefore, the
cardiovascular protective effects of antidiabetic
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drugs need to be evaluated along with the
hypoglycemic activity. Among a wide variety of
antidiabetic drugs, metformin is one of the
most important because of its cardiovascular
protective effects independent of glucose con-
trol [3]. Glucagon-like peptide-1 receptor ago-
nist exenatide is a new kind of antidiabetic
drug. In previous studies, exenatide decreased
the risk of atherosclerosis by reducing weight
and inflammatory factors and increasing the
expression of adiponectin [4–6].

Endothelial dysfunction is a key step in
patients with T2DM with atherosclerosis. Stud-
ies have shown that endothelial dysfunction
occurs even in patients with impaired glucose
tolerance or early-stage T2DM [7, 8]. The main
mechanism is decreasing activity of endothelial
nitric oxide synthase (eNOS) and the reduction
of nitric oxide (NO) generation. NO is the major
endothelium-derived vasodilator factor and an
important anti-atherosclerosis agent. T2DM,
dyslipidemia, smoking, and hypertension can
induce oxidative stress and decrease eNOS
activity and NO production [9]. The result is
chronic endothelial dysfunction. In basic
research, exenatide improved endothelial dys-
function by inhibiting the expression of
monocyte chemotactic protein-1 (MCP-1) and
vascular cell adhesion molecule-1 (VCAM-1)
and promoting the phosphorylation of eNOS
[5, 10]. Metformin also promoted the activity of
eNOS by activating the AMPK signal pathway
[11]. So we hypothesized that exenatide and
metformin treatment would improve endothe-
lial dysfunction in newly diagnosed patients
with T2DM.

This study tried to compare the effects of
exenatide and metformin treatment on
endothelial function in overweight patients
with type 2 diabetes and analyze the correla-
tions between endothelial function and other
metabolic parameters.

METHODS

Subjects

A total of 90 newly diagnosed overweight
patients with T2DM and 61 age- and sex-

matched healthy controls were recruited from
the Beijing Chao-yang Hospital between June
2013 and June 2017. Diagnostic criteria for
T2DM were based on the World Health Orga-
nization criteria of 1999. Overweight was
defined as body mass index (BMI) C 24 kg/m2.
Patients were excluded if they had a history of
type 1 diabetes mellitus, diabetic ketoacidosis,
diabetic hyperosmolar coma, nephropathy,
acute or chronic hepatic and renal diseases,
severe anemia, acute myocardial infarction, or
stoke. No participants were under the treatment
of antidiabetic, antihypertensive, or antidys-
lipidemic drugs.

Study Design

Patients with T2DM were divided into two
groups according to the treatment. The exe-
natide (Exe) group included 45 patients with
T2DM undergoing 12 weeks of exenatide (Bye-
tta, Eli Lilly Company, USA) treatment as 5 lg
bid for 4 weeks (subcutaneous injection), fol-
lowed by 10 lg bid for 8 weeks. The metformin
(Met) group included the other 45 patients who
received 12 weeks of metformin (Glucophage,
Bristol-Myers Squibb Company, USA) as 500 mg
bid or tid (oral administration). Healthy control
subjects were divided into two groups according
to whether their BMI was greater than 24 kg/m2

(overweight control group, n = 37, non-over-
weight control group, n = 24).

Compliance with Ethics Guidelines

Written consent was obtained from all subjects.
All procedures were conducted in accordance
with the Declaration of Helsinki and the study
was approved by the ethics committee of the
Beijing Chao-yang Hospital.

Laboratory Measurements
and Determination for Endothelial
Function

All subjects underwent a screening assessment
at baseline, including measurements of weight,
height, total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density
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lipoprotein cholesterol (HDL-C), triglycerides
(TG), fasting plasma glucose (FPG), and fasting
serum insulin (FINS). BMI was calculated as
weight (kg)/height2 (m2). The homeostasis
model assessment for insulin resistance
(HOMA-IR) and homeostasis model assessment
for beta cell function (HOMA-B) were used to
estimate insulin resistance and beta cell func-
tion. HOMA-IR and HOMA-B were calculated
using the following equations: HOMA-IR = FPG
(mmol/L) 9 FINS (mU/L) /22.5; HOMA-
B = 20 9 FINS (mU/L)/[FPG (mmol/L) - 3.5]
[12]. FPG, TC, HDL-C, LDL-C, and TG were
measured on a Dade-Behring Dimension RXL
Autoanalyzer (Dade Behring Diagnostics, Mar-
burg, Germany). FINS and C-peptide were
measured on a Beckman Access 2 (Fullerton,
CA). HbA1c was estimated by high-performance
liquid chromatography using an HLC-723G7
analyzer (Tosoh Corp., Japan).

Endothelial function assessment was mea-
sured by digital reactive hyperemia index (RHI;
EndoPAT 2000, Itamar Medical, Caesarea,
Israel). After patients rested for 30 min in the
supine position, PAT probes were placed on the
index finger of each hand and tested the base-
line pulse amplitude for 5 min. After 5 min, the
blood pressure cuff was inflated to 60 mmHg
above the systolic pressure or 200–300 mmHg
for 5 min. Following cuff release, the change in
pulse amplitude during reactive hyperemia was
measured for 5–10 min. RHI is the ratio of the
hyperemic and baseline pulse amplitude after
the control arm correction. Endothelial func-
tion test was tested in a fasting state.

After the assessment, patients with T2DM
underwent 12 weeks of antidiabetic treatment.
Laboratory and endothelial function measure-
ments were repeated after 12 weeks of exenatide
or metformin treatment. Changes in every
parameter before and after treatment were
expressed as delta parameter: D parame-
ter = parameter (after treatment) - parameter
(baseline).

Statistical Analysis

Data were analyzed using SPSS 21.0 (SPSS, Inc.,
Chicago, IL). Continuous data such as age, BMI,

TC, LDL-C, HDL-C, FPG, FINS, RHI, and HbA1c
were expressed as mean ± SD. Independent-
sample t test was used in the baseline compar-
isons between type 2 diabetes mellitus patients
and healthy controls. Paired-sample t test was
used in the comparison between before and
after the treatment of metformin or exenatide.
Non-normally distributed variables such as TG,
HOMA-IR, and HOMA-B were expressed as
median (interquartile range). They were ana-
lyzed by the Mann-Whitney U test between type
2 diabetes mellitus patients and healthy con-
trols. Wilcoxon test was used in the comparison
between before and after the treatment of met-
formin or exenatide. Spearman’s rank correla-
tion was used to assess the relationship of data.
All tests were two-tailed, and P\ 0.05 was
considered statistically significant.

RESULTS

Baseline Characteristics of T2DM Patients
and Control Subjects

Baseline characteristics of patients with T2DM
and control subjects are summarized in Table 1.
Patients with T2DM had significantly higher
FPG, HbA1c, and TG levels and lower HOMA-B
than overweight and non-overweight control
groups. The difference in HOMA-IR occurred
only in the comparison between patients with
T2DM and non-overweight control group. The
baseline endothelial function—RHI—is shown
in Fig. 1. Patients with T2DM had significantly
lower RHI than control groups (T2DM:
1.67 ± 0.42 vs O-Con: 1.95 ± 0.46; N-Con:
2.04 ± 0.59, P\0.05).

Correlations Between RHI and Other
Parameters Before Antidiabetic Treatment

Before antidiabetic treatment, fasting RHI was
negatively correlated with HbA1c (r = - 0.202,
P\ 0.05, Fig. 2a), FPG (r = - 0.155, P\ 0.05,
Fig. 2b), HOMA-IR (r = - 0.172, P\ 0.05,
Fig. 2c), and LDL-C (r = 2 0.200, P\ 0.05,
Fig. 2d).
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Comparisons of the Effect of Exenatide
and Metformin Antidiabetic Treatment
on Endothelial Function and Metabolism
of Glucose and Lipids

Changes in metabolic characteristics and
endothelial function are summarized in
Tables 2 and 3 and Fig. 3. Patients with T2DM
were divided into two groups according to the
treatment (Exe group and Met group). Age,
height, weight, BMI, TC, TG, LDL-C, HDL-C,
HbA1c, FINS, HOMA-IR, HOMA-B, and RHI
were similar in two groups (Table 1). Both exe-
natide and metformin can significantly reduce
FPG, HbA1c, and HOMA-IR and increase
HOMA-B. In addition to their glucose-reducing
effect, both exenatide and metformin can

significantly improve the RHI of patients with
T2DM (Exe group: 1.67 ± 0.52 vs 1.98 ± 0.67,
P\ 0.05, Fig. 3a; Met group: 1.68 ± 0.29 vs
1.82 ± 0.24, P\ 0.05, Fig. 3b). In a comparison
of the effect of the two drugs, exenatide was
more effective in reducing BMI and weight
(Table 3). There was no significant difference
between exenatide and metformin in improv-
ing RHI levels (0.31 ± 0.70 vs 0.13 ± 0.24,
P[ 0.05, Table 3).

DISCUSSION

From our research, we found that endothelial
dysfunction is associated with insulin resistance
and b-cell dysfunction in newly diagnosed

Table 1 Baseline characteristics in healthy controls and newly diagnosed type 2 diabetes mellitus

O-Con, n = 37 N-Con, n = 24 T2DM, n = 90

Age, years 41.2 ± 11.8 42.2 ± 14.6 46.3 ± 11.4

Sex, male/female 23/14 15/9 59/31

Height, cm 170.8 ± 7.0 167.7 ± 9.2 170.7 ± 8.3

Weight, kg 87.1 ± 16.0b 60.3 ± 9.0 86.9 ± 12.5b

BMI, kg/m2 29.7 ± 4.1b 21.4 ± 2.0 29.8 ± 3.2b

TC, mmol/L 5.25 ± 0.82 4.88 ± 0.80 5.27 ± 0.95

LDL-C, mmol/L 2.93 ± 0.86 2.81 ± 0.74 3.16 ± 0.81

HDL-C, mmol/L 1.29 ± 0.62 1.37 ± 0.41 1.16 ± 0.34

TG, mmol/L 1.75 (1.12, 2.79) 1.01 (0.63, 1.40)a 2.16 (1.46, 3.42)ab

HbA1c, % 5.34 ± 0.33 5.33 ± 0.40 8.86 ± 1.54ab

FPG, mmol/L 5.42 ± 0.44 5.38 ± 0.37 8.83 ± 2.62ab

FINS, mU/L 12.52 (8.25, 15.54) 10.32 (6.51, 13.48) 10.59 (7.47, 14.21)

HOMA-IR 2.95 (1.95, 3.93) 2.53 (1.55, 3.12) 3.70 (2.53, 5.51)b

HOMA-B 132.00 (94.20, 169.20) 115.09 (74.20, 140.40) 40.12 (28.50, 63.32)ab

Data are expressed as mean ± SD or medians (interquartile ranges)
O-Con overweight control, N-Con non-overweight control, T2DM type 2 diabetes mellitus, BMI body mass index, TC total
cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TG triglyceride, FPG
fasting plasma glucose, FINS fasting insulin, HOMA-IR homoeostasis model assessment for insulin resistance, HOMA-
B homoeostasis model assessment for b-cell function
a P\ 0.05 vs O-Con group
b P\ 0.05 vs N-Con group
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patients with T2DM. In addition to the hypo-
glycemic effect, exenatide and metformin can
improve insulin resistance and partly restore b-
cell function. Regarding vascular endothelial
function, there was no significant difference
between exenatide and metformin treatment.

In the analysis of endothelial function, we
used RHI (EndoPAT2000, Israel). RHI is an
operator-independent method to quantify
endothelial function. It is NO-dependent and
associated with coronary artery blood flow and
multiple cardiovascular risk factors. RHI is also
useful for the assessment of cardiac events [13].
In our study, patients with T2DM had lower RHI
than overweight and non-overweight controls.
It is suggested that vascular endothelial dys-
function might occur even in the early period of
T2DM without clear cardiovascular disease. This
was consistent with previous research [8, 14].
Besides the effect of hyperglycemia, patients
with T2DM always have multiple risk factors of
endothelial dysfunction such as hyperlipi-
demia, smoking, obesity, and insulin resistance.
These long-term chronic lesions may lead to the
endothelial dysfunction that occurred even in
newly diagnosed patients with T2DM.

In the correlation analysis, RHI was nega-
tively correlated with the LDL-C, FPG, HbA1c,

and HOMA-IR. LDL-C is the one of the most
important risk factors for cardiovascular disease.
Diabetic dyslipidemia is characterized by ele-
vated LDL-C and TG. In our previous studies, we
found that LDL-C was negatively correlated
with endothelial function in both T2DM and
healthy controls. Basic medical research has
shown that LDL-C increased oxidative stress
and impaired the activity of the eNOS system
[15]. Insulin resistance was reported as a risk
factor of endothelial dysfunction. In the insu-
lin-resistance condition, the balance between
NO-dependent vasodilator and endothelin-1-
dependent vasoconstrictor of insulin is
impaired. The imbalance of NO and endothelin-
1 secretion may cause the endothelial dysfunc-
tion [16, 17].

During the antidiabetic treatment, both
exenatide and metformin could improve the
metabolism of glucose and lipid. They
decreased insulin resistance and recovered b-cell
function in patients with T2DM.Exenatide had
better efficacy in reducing weight and BMI than
metformin. These findings are common in
antidiabetic treatment [18, 19]. Our results
suggested that exenatide improved the
endothelial dysfunction in newly diagnosed
patients with T2DM, and the effect was not

Fig. 1 RHI between T2DM, overweight and non-overweight controls before treatment. T2DM type 2 diabetes mellitus,
O-Con overweight control group, N-Con non-overweight control group, RHI reactive hyperemia index
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inferior to single metformin. In the United
Kingdom Prospective Diabetes Study, met-
formin treatment showed a greater effect for
any diabetes-related endpoint, all-cause mor-
tality, and stroke than insulin or sulfonylureas
[3]. Previous studies had proved that long-term
metformin treatment improved the endothelial
function and decreased inflammatory factors
such as sICAM-1, sVCAM-1, C reactive protein,
and von Willebrand factor [20]. In patients with
T2DM, metformin also significantly improved
the risk factors of endothelial dysfunction such
as hyperglycemia, LDL-C, obesity, and insulin
resistance [21]. On the other hand, our research
on human umbilical vein endothelial cells
(HUVECs) found that metformin protected

glucose-induced endothelial dysfunction
through the eNOS recoupling via the AMPK-
dependent pathway [11]. Moreover, another
study suggested that metformin protects
endothelial function by inhibiting endoplasmic
reticulum stress in obese mice through the
PPAR-d pathway [22]. These results showed that
the effects of metformin on endothelial func-
tion may not completely rely on the improve-
ment of glucose and lipid metabolism.

Exenatide is an antidiabetic glucagon-like
peptide-1 receptor agonist. It promotes glucose-
dependent insulin secretion. Exenatide also
improves insulin resistance and obesity by
delaying gastric emptying and reducing weight
gain. No conclusive evidence proves the

Fig. 2 Correlations between RHI and a HbA1c, b FPG,
c LDL-C, and d HOMA-IR. RHI reactive hyperemia
index, BMI body mass index, HOMA-IR homoeostasis

model assessment for insulin resistance, LDL-C low
density lipoprotein cholesterol
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protective effect for cardiovascular disease of
exenatide. However, some studies have sug-
gested that exenatide protects endothelial cell
function in patients with T2DM. In Gurkan
et al.’s study, exenatide improved endothelial
dysfunction and inhibited the inflammatory
factors such as hsCRP and MCP-1 [23]. In the
patients with impaired glucose tolerance, a
single injection of exenatide also improved the
endothelial function after eating a meal [14].
But another GLP-1 receptor agonist liraglutide
did not affect endothelial function in a ran-
domized controlled trial [24]. The reason may
be due to the difference in the evaluation of

endothelial function. Another class of antidia-
betes drug dipeptidyl peptidase-4 inhibitors,
which prevent the degradation of GLP-1, had a
similar effect on endothelial on the ameliora-
tion of endothelial dysfunction in type 2 dia-
betes patients [25]. In addition to relieving the
damage to the endothelial cell from hyper-
glycemia and hyperlipidemia, researchers have
found that exenatide could upregulate eNOS
bioactivity via the AMPK/PI3 K-Akt/eNOS
pathway in HUVEC cells independent of hypo-
glycemic effects [5]. In our study, 12-week single
exenatide treatment had similar effects on the

Table 2 Clinical characteristics before and after 12 weeks of antidiabetes treatment

Exe group (n = 45) Met group (n = 45)

Pre-treatment Post-treatment P value Pre-treatment Post-treatment P value

Age, years 44.2 ± 12.7 44.2 ± 12.7 – 48.4 ± 9.6 48.4 ± 9.6 –

Sex, male/female 30/15 30/15 – 29/16 29/16 –

Height, cm 169.1 ± 9.2 169.1 ± 9.2 – 172.2 ± 7.3 172.2 ± 7.3 –

Weight, kg 87.1 ± 16.1 80.6 ± 16.5 0.000 86.7 ± 7.6 84.6 ± 7.9 0.008

BMI, kg/m2 30.3 ± 4.2 28.0 ± 4.3 0.000 29.2 ± 1.7 28.5 ± 1.8 0.009

TC, mmol/L 5.17 ± 1.00 4.61 ± 1.03 0.002 5.37 ± 0.88 5.12 ± 1.01 0.044

LDL-C, mmol/

L

3.07 ± 0.83 2.84 ± 0.86 0.907 3.25 ± 0.78 3.26 ± 0.88 0.910

HDL-C, mmol/

L

1.14 ± 0.42 1.14 ± 0.25 0.094 1.18 ± 0.23 1.15 ± 0.25 0.440

TG, mmol/L 2.20 (1.28, 3.95) 1.41 (1.02, 2.90) 0.000 2.12 (1.53, 3.20) 1.75 (1.22, 2.88) 0.149

Cr, lmol/L 70.2 ± 14.2 71.9 ± 16.6 0.399 76.2 ± 15.5 75.0 ± 12.3 0.429

HbA1c, % 9.04 ± 1.63 6.44 ± 0.86 0.000 8.68 ± 1.43 6.87 ± 1.72 0.000

FPG, mmol/L 9.15 ± 3.39 6.51 ± 1.10 0.000 8.52 ± 1.50 6.41 ± 0.89 0.000

FINS, mU/L 8.80 (5.21, 14.14) 9.49 (7.38, 13.11) 0.352 11.17 (8.34, 14.64) 10.26 (6.52,

14.02)

0.423

HOMA-IR 3.02 (2.20, 5.64) 2.70 (1.89, 4.13) 0.029 4.01 (3.25, 5.35) 2.71 (2.10, 4.74) 0.014

HOMA-B 37.58 (20.00,

65.40)

72.41 (48.80,

102.80)

0.000 48.72 (32.47,

60.93)

69.1 (43.84,

99.43)

0.001

Data are expressed as mean ± SD or medians (interquartile ranges)
BMI body mass index, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein
cholesterol, TG triglyceride, FPG fasting plasma glucose, FINS fasting insulin, HOMA-IR homoeostasis model assessment
for insulin resistance, HOMA-B homoeostasis model assessment for b-cell function
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endothelial function as with metformin, which
was consistent with previous studies [23, 26].

Our research found that the non-overweight
control group had higher RHI than overweight
controls, but not significantly. Overweight
controls had more serious insulin resistance and

obesity than non-overweight patients. Obesity
is associated with endothelial dysfunction
through several mechanisms, including
enhanced oxidative stress. Adipose tissue is an
active metabolic organ that produces reactive
oxygen species, and the macrophages around it

Table 3 Changes of characteristics in exenatide and metformin groups

Exe group, n = 45 Met group, n = 45 P value

DWeight, kg - 6.5 ± 4.3 - 2.1 ± 5.1 0.000

DBMI, kg/m2 - 2.3 ± 1.6 - 0.7 ± 1.8 0.000

DTC, mmol/L - 0.56 ± 1.12 - 0.26 ± 0.82 0.151

DLDL-C, mmol/L - 0.24 ± 0.93 - 0.02 ± 1.23 0.265

DHDL-C, mmol/L 0.01 ± 0.40 - 0.04 ± 0.34 0.557

DTG, mmol/L - 0.54 (- 1.64, 0.05) - 0.23 (- 0.77, 0.25) 0.064

DHbA1c, % - 2.60 ± 1.70 - 2.26 ± 1.55 0.327

DFPG, mmol/L - 2.64 ± 3.51 - 1.65 ± 1.94 0.102

DHOMA-IR - 0.66 (- 2.16, 0.65) - 1.42 (- 2.33, 0.52) 0.553

DHOMA-B 32.54 (- 1.08, 57.88) 16.47 (- 1.53, 44.65) 0.506

DRHI 0.31 ± 0.70 0.13 ± 0.24 0.104

Data are expressed as mean ± SD or medians (interquartile ranges); Dparameter = parameter (after treatment) - pa-
rameter (baseline)
BMI body mass index, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein
cholesterol, TG triglyceride, FPG fasting plasma glucose, FINS fasting insulin, HOMA-IR homoeostasis model assessment
for insulin resistance, HOMA-B homoeostasis model assessment for b-cell function, RHI reactive hyperemia index

Fig. 3 Changes in reactive hyperemia index in the a exenatide group and b metformin group
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release chemoattractant protein and inflamma-
tory cytokines [27, 28]. Moreover, obesity leads
to the decrease of adiponectin which exerts
anti-inflammatory and anti-atherosclerosis
effects [29]. In our research, the small sample
size may reduce the difference of RHI between
the overweight and non-overweight groups.

This research has many limitations. First, we
used the HOMA-IR to estimate insulin resis-
tance. HOMA-IR is not a precise index com-
pared with the euglycemic clamp. However, the
euglycemic clamp test is not suitable for clinical
service. Second, we did not consider patients’
smoking history. Smoking is a risk factor of
vascular endothelial dysfunction. Thirdly,
because of the discomfort in the gastrointestinal
tract, some patients of metformin group accep-
ted lower dose of metformin (500 mg bid). Dif-
ferent doses might affect the effect of
metformin on plasma glucose and endothelial
function. Finally, this research was not a strict
randomized controlled trial. These limitations
will be solved in the next step of our research in
the future.

CONCLUSIONS

Endothelial dysfunction might occur even in
the early period of T2DM without clear cardio-
vascular disease. RHI was negatively correlated
with LDL-C, HbA1c, FPG, and HOMA-IR. In
addition to the antidiabetic effect, both exe-
natide and metformin therapy had positive
effects on endothelial dysfunction in newly
diagnosed patients with T2DM. There was no
significant difference between exenatide and
metformin in the improvement of endothelial
function.
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