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Abstract. The aim of the present study was to explore the effects 
of various combinations of exenatide, metformin (MET) and 
biphasic insulin aspart 30 (BIA30) on type 2 diabetes mellitus 
(T2DM). Two hundred overweight or obese patients newly diag-
nosed with T2DM were evenly randomized into two groups: 
A (twice daily for all: Phase I, 5 µg exenatide + 0.5 g MET 
for 4 weeks, then 10 µg exenatide + 0.5 g MET for 8 weeks; 
Phase II, 0.5 g MET for 12 weeks; Phase III, 0.3‑0.4 U/kg/day 
BIA30 + 0.5 g MET for 12 weeks) and B (Phases I, II, III 
matched the phases III, II and I in group A). In groups A and 
B a significant decrease and increase, respectively, in glycated 
hemoglobin (HbAlc) and body mass index (BMI) was noted 
during Phase  I. A 3.2±0.4‑kg decrease in body weight in 
group A and a 2.6±0.3‑kg increase in group B was observed. 
In Phase II, HbAlc was significantly increased in both groups 
(P<0.05). In Phase III, the BMI was increased in group A and 
reduced in group B (P<0.05). There was a 3.8±0.4‑kg weight 
decrease in group B and 4.2±0.5‑kg increase in group A 
(P<0.05). The combination of exenatide and MET promoted 
weight loss, glycemic control, β‑cell function index, C peptide 
and adiponectin levels. These results suggested that the combi-
nation of exenatide and MET is better than the combination of 
BIA and MET for the therapy of overweight or obese patients 
newly diagnosed with T2DM.

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic 
disease affecting >220 million individuals worldwide  (1). 
Numerous antidiabetic drugs have been developed to treat 
T2DM according to the pathogenesis in individual patients. 
Glucagon‑like peptide 1 (GLP‑1) is a gut‑derived incretion 

that stimulates insulin and suppresses glucagon secretion, 
inhibits gastric emptying and β‑cell apoptosis, and reduces 
appetite and food intake (2‑4). GLP‑1 has been proposed for 
the treatment of T2DM patients; however, native GLP‑1 can 
be degraded within 2‑3 min (4). The development of GLP‑1 
receptor agonists resistant to this degradation is therefore 
necessary  (5). Exenatide, a short‑acting GLP‑1 receptor 
agonist that improves insulin secretion and increases β‑cell 
mass, is a potential drug for T2DM treatment (6). Furthermore, 
exenatide improves glycemic control and weight loss (7,8). 
Although the antidiabetic activity of exenatide has been widely 
reported (9‑11), a combined therapy promotes insulin secretion 
and insulin sensitivity in new‑onset T2DM patients to produce 
a greater, more durable reduction in glycated haemoglobin 
(HbA1c) levels compared with mono‑therapy (12).

Biphasic insulin aspart 30 (BIA30) is man‑made insulin 
and improves glycemic control in T2DM patients in whom 
the condition is poorly controlled by other medications (13). 
In a previous study, a larger proportion of patients with T2DM 
achieved glycemic goals when treated with BIA30 than when 
treated with exenatide (14). Furthermore, the insulin‑treated 
groups had an increased incidence of minor hypoglycemic 
events and weight gain. BIA30 was found to be more effective 
in the treatment of patients with a high baseline HbA1c level, 
enabling most patients to achieve glycemic control (14). BIA30 
has additionally been shown to improve glycemic control 
subsequent to the failure of diet, exercise and oral antidiabetic 
agents (15); however, the side effects of the drug are evident 
and BIA30 therapy can increase the risk of daytime hypogly-
cemia (16).

Metformin (MET) is an oral antidiabetic drug and the 
first‑line agent for the treatment of T2DM, particularly in 
overweight and obese individuals (17); however, MET‑treated 
patients are known to experience a progressive deterioration 
in glycemic control. Furthermore, evidence has shown that the 
modification of β‑cell deterioration by MET is limited (18).

The use of a combination therapy may enhance the 
efficacy of glycemic and weight control in overweight or 
obese patients. The combination of exenatide and MET has 
been shown to promote weight loss and glycemic control, 
and to increase C‑peptide levels, β‑cell function index and 
adiponectin levels  (19). However, the effectiveness of the 
combination remains to be elucidated in overweight or obese 
patients with newly diagnosed type 2 diabetes mellitus. MET 
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and BIA30 may reduce HbA (1c) and mean prandial plasma 
glucose increment to a greater extent in diabetic patients when 
compared with the patients treated with insulin glargine plus 
glimepiride (20). To the best of our knowledge, the efficacy of 
a combination therapy of MET and BIA30 has not yet been 
reported in specifically obese patients, only in general diabetic 
patients, and the efficacy and safety of the two combination 
therapies (exenatide or BIA30 and MET) in treating T2DM 
have not been previously compared, which was the purpose of 
the present study.

Materials and methods

Participants. All patients were enrolled at Department of 
Endocrinology, People's Hospital of Hainan Province (Haikou, 
China) between May 2011‑June 2014 and written informed 
consent was obtained for inclusion of their data in the study. 
A total of 480 T2DM patients (144 male/336 female) were 
screened. Two hundred patients took part in present study 
following analysis of inclusion and exclusion criteria. The 
clinical protocol of the study was approved by the Institutional 
Review Board of the People's Hospital of Hainan Province 
(Haikou, China) and all steps confirmed to the principles 
described in the World Medical Association Declaration of 
Helsinki (21). The inclusion criteria for the present study were 
i) T2DM newly diagnosed within three months; ii) a HbA1c 
level of ≤10.5%; iii) a body mass index (BMI) of >24 and 
<40 kg/m2; iv) a stable weight for ≥3 months prior to the study; 
and v) no clinically significant abnormal findings. The subjects 
would be excluded if they i) had experienced more than three 
episodes of severe hypoglycemia within the 6 months before 
screening; ii) had used any prescription drug to obtain weight 
loss within the 3 months preceding the study; or iii) had a 
family history of T2DM.

Clinical variables and validation. The BMI was calculated by 
dividing weight (kg) by the square of height (m2). The main 
questionnaire requested that the waists and hips of the patients 
were measured at the point of greatest circumference while the 
participants stood in a relaxed stance. Self‑reported weight has 
been shown to be valid in this cohort if his or her spouse gave a 
similar report. Certain factors, including age, gender, drinking 
and smoking status, BMI and hypertension, were taken into 
consideration to reduce multiple factors interfering with the 
results of the groups. Furthermore, all the subjects were from 
the city of Haikou and were of a similar socio‑economic back-
ground. Subsequent to analyzing the answers of the survey, 
200  cases were considered to meet the selection criteria. 
Two hundred overweight or obese patients with newly diag-
nosed T2DM patients were randomized and evenly assigned 
to two groups (n=100 for each group): Group A (Phase  I, 
5‑µg exenatide + 0.5 g MET twice daily for 4 weeks, then 10 µg 
exenatide + 0.5 g MET twice daily for 8 weeks; Phase II, 0.5 g 
MET twice daily for 12 weeks; Phase III, 0.3‑0.4 U/kg/day 
BIA30 + 0.5 g MET twice daily for 12 weeks) and group B 
(Phases I, II and III matched the phases III, II and I in group 
A, respectively) (Fig. 1).

Biochemical analysis. Subsequent to obtaining informed 
consent, all patients were subjected to analysis of capillary 

whole blood glucose (CG) levels. The participants with a random 
CG level of >5.6 mM were considered to be at an elevated risk 
of diabetes (22) and received insulin as a further therapy, as a 
single treatment is unable to control the progression of T2DM. 
The levels of glucose and HbAlc were measured 2 h after a 
75‑g oral glucose load. The participants received no formal 
dietary preparation. Serum glucose levels were determined 
using a glucose oxidase method via a dry chemistry analyzer 
(Ningbo Scientz Biotechnology Co., Ltd., Ningbo, China). 
HbAlc levels were determined via affinity chromatography 
(GE Healthcare, Piscataway, NJ, USA). Levels of high‑density 
lipoprotein (HDL)‑cholesterol were assessed using a commer-
cial kit (Boehringer Ingelheim GmbH, Mannheim, Germany), 
and levels of low‑density lipoprotein (LDL)‑cholesterol were 
measured using the formula proposed by Friedwald et al (23). 
Triglyceride levels were measured using a colorimetric method 
involving lipoprotein lipase and glycerol kinase (Bayer 
RA‑1000 triglyceride kit; Bayer AG, Leverkusen, Germany). 
The serum insulin concentration was tested via ELISA 
(Abnova Corp., Walnut, CA, USA). Triglyceride levels were 
measured using enzyme colorimetry. Basal blood glucose 
(BG) and fasting blood glucose (FBG) levels were automati-
cally analyzed on an automatic random access biochemistry 
analyzer (Hitachi 917; Hitachi, Ltd., Tokyo, Japan). Serum 
levels of basal insulin (BINS) and fasting insulin (FINS) 
were measured using radioimmunoassays (Tongji Hospital, 
Shanghai, China). All measurements were performed in 
triplicate. The homeostatic model assessment of estimated 
insulin resistance (HOMA‑IR) index was calculated using the 
following formula: HOMA‑IR=FBGxFINS/22.5. The HOMA 
of estimated insulin secretory function (HOMA‑IS) was calcu-
lated using the equation HOMA‑IS=20xFINS/(FBG‑3.5). The 
HOMA of β‑cell function (HOMA‑B) index was calculated 
using the equation HOMA‑B=20xBINS/(BG‑3.5).

ELISA analysis. Human ELISA kits for C‑reactive protein 
(CRP; cat. no. ab99995; sensitivity <2 pg/ml; the Stop Solution 
alters the color from blue to yellow and the intensity of the 
color is measured at a wavelength of 450 nm), tumor necrosis 
factor‑α (TNF‑α; cat. no. ab46087; sensitivity <10 pg/ml), 
adiponectin (cat. no. ab99968; sensitivity <25 pg/ml; the Stop 
Solution alters the color from blue to yellow and the intensity 
of the color is measured at a wavelength of 450 nm) and resistin 
(cat. no. ab100634; sensitivity <2 pg/ml; the Stop Solution 
alters the color from blue to yellow and the intensity of the 
color is measured at a wavelength of 450 nm) were purchased 
from Abcam Ltd. (Cambridge, MA, USA). All cell factors 
were also measured with the aforementioned ELISA kits.

Statistical analysis. A Chi Square test and a paired samples 
Student's t‑test were conducted to compare the difference 
between two sets of quantitative data from two groups. The 
analysis was conducted using SPSS software version 20.0 
(IBM SPSS, Armonk, NY, USA). The treatment effects were 
assessed at a two‑sided significance level of 0.05. Fisher's exact 
tests were used for comparisons based on categorical variables 
(e.g. biochemical index, weight loss, glycemic control, β‑cell 
function index, C peptide and adiponectin levels). Predefined 
analyses were performed to determine the effect of the base-
line status on changes in HbA1c and FBG levels. Two analyses 
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(associations between weight loss and adiponectin, resistin, 
TNF α, and CRP levels) were added to the statistical plan (post 
hoc). Values are expressed as the mean ± standard error of the 
mean.

Results

Baseline characteristics of overweight or obese patients 
with newly diagnosed T2DM. At the end of the run‑in period, 
200 patients were randomly divided into the two cross‑over 
groups (Fig. 1). Table I shows the baseline characteristics of 
the patients. The mean age of the participants was 59±9.2 years 
(range, 48‑68  years). The cohort comprised 81  male and 
119 female patients (female/male ratio, ~3:2). No significant 
differences in the baseline demographic and metabolic char-
acteristics of the patients were present between Groups A and 
B (P>0.05).

Exenatide + MET is more efficacious than MET + BIA30 
for overweight or obese patients with T2DM in Phase I. The 
change in body weight during Phase I is shown in Table II. 
Exenatide + MET combination therapy demonstrated superi-
ority to MET + BIA30 regarding the change in body weight. 
The patients in Group A exhibited significant reductions in 
body weight from baseline to week 12 (P<0.01) (Table II), 
with a mean weight decrease of 3.2±0.4‑kg in Group A and 
mean weight increase of 2.6±0.3‑kg in Group B (Table II). 
Consistently, the patients in Group A and B exhibited a signifi-
cant decrease and increase, respectively, in the BMI from 
baseline to week 12 (P<0.01) (Table II).

The changes in HbA1c levels after the 12‑week trial 
are shown in Table II. The two groups exhibited significant 
reductions in the HbA1c levels at week 12 vs. the levels at the 
baseline (P<0.01). There was a statistically significant differ-
ence regarding the changes between groups A and B (HbA1c 
changes of ‑1.8±0.5 and ‑1.3±0.6%, respectively) (P<0.01).

After the 12‑week trial with the combination therapy, 
the patients in groups A and B had significantly lower mean 
fasting glucose levels (P<0.01), and 2‑h post‑prandial glucose 
levels (P<0.01; Table II). The patients in groups A and B had 
no significant changes in fasting c peptide and 2‑h postprandial 
c peptide (P>0.05) (Table II). However, significant decreases 
in resistin, CRP, TNF‑α and insulin resistance were observed 

in group A (P<0.05), and also in group B with the exception of 
resistin (Table II). In group A, significant increases in insulin 
sensitivity and adiponectin were present (P<0.05), and insulin 
sensitivity was increased in group B (P<0.05). Regarding 
lipid profiles, significant decreases in triglycerides (TG), 
total cholesterol (TC) and LDL and an increase in HDL were 
observed in group A (P<0.05) (Table II). In group B, signifi-
cant decreases in TG (P<0.01) and no changes in TC, HDL and 
LDL were observed (P>0.05) (Table II).

Met monotherapy has similar effects in Groups A and B in 
Phase II. As shown in Table III, no statistically significant 
change in body weight was identified in Phase II in groups A 
and B (P>0.05). However, the two groups exhibited significant 
increases in HbA1c levels at week 24 compared to those at 
week 12 (P<0.01). The increase in HbAlc in group B was 
significantly higher compared to that in group A (1.7±0.8 and 
1.0±0.2%, respectively) (P<0.01).

Compared with the levels at 12  weeks, the patients 
in groups A and B had significantly higher mean fasting 
glucose levels (P<0.01) and 2‑h post‑prandial glucose levels 
at 24 weeks (P<0.01) (Table III). No significant changes in 
fasting c peptide and 2‑h post‑prandial c peptide were detected 
in either group (P>0.05) (Table III), and furthermore, body 
weight, adiponectin, resistin and CRP showed no significant 
changes within each group (P>0.05). Significant increases 
in TNF‑α and decreases in insulin resistance and sensitivity 
were detected in each group (P<0.05). None of the groups had 
significant changes in BMI, TC, HDL and LDL during Phase 
II (P>0.05), while a significant increase in TG was observed in 
Group B (P<0.01), but not in Group A (Table III).

Exenatide + MET is more efficacious than MET + BIA30 
regarding body weight and glycemic control in Phase III. As 
shown in Table IV, exenatide + MET combination therapy 
(Group B) demonstrated superiority to MET + BIA30 (Group A) 
regarding changes in body weight. The patients in Group B 
exhibited significant reductions in body weight from week 24 
to 36 (P<0.01), with a mean weight decrease of 3.8±0.4 kg in 
group B and a mean weight increase of 4.2±0.5 kg in Group A 
(Table IV). Consistently, the patients in Group B and A exhib-
ited significant decreases and increases, respectively, in the 
BMI from week 24 to 36 (P<0.01) (Table IV).

Figure 1. Flowchart of the study. Group A (n=100; 5 µg exenatide +0.5 g MET twice daily for 4 weeks, then 10 µg exenatide +0.5 g MET twice daily for 
8 weeks; then only 0.5 g MET twice daily for 12 weeks; thereafter, 0.3‑0.4 U/kg/day BIA30 +0.5 g MET twice daily for 12 weeks) and Group B (n=100; 
0.3‑0.4 U/kg/day BIA30 +0.5 µg MET twice daily for 12 weeks; then only 0.5 g MET twice daily for 12 weeks; thereafter, 5 µg exenatide +0.5 g MET twice 
daily for 12 weeks). MET, metformin, BIA30, biphasic insulin aspart 30.
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The changes in HbA1c levels from week 24 to 36 are 
shown in Table IV. The two groups exhibited significant reduc-
tions in HbA1c levels at week 36 vs. those at week 24 (P<0.01). 
A statistically significant difference in the changes of HbA1c 
between groups A and B was present (‑1.2±0.2 and ‑1.8±0.6%, 
respectively; P<0.01). Thus, exenatide + MET demonstrated a 
better control for HbA1c levels.

Compared with those at week 24, the patients in Groups 
A and B had significantly lower mean fasting glucose 
(P<0.01) and 2‑h post‑prandial glucose levels at week 36 
(P<0.01) (Table IV). However, none of the groups showed any 
significant changes in fasting c peptide and 2‑h post‑prandial 
c peptide (P>0.05) (Table  IV). Furthermore, significant 
decreases in resistin, CRP, TNF‑α and insulin resistance 

Table I. Baseline demographic and metabolic characteristics of the patients.

Characteristic	 Group A	 Group B	 t/χ2	 P‑value

Age (years)	 58.1±10.2	 57.4±9.2	 0.18	 0.86a

Gender, male, n (%)	 40 (40)	 41 (41)	 0.16	 0.69b

Smoker/non‑smoker	 28/72	 30/70	 0.10	 0.76b

Drinker/non‑drinker	 36/64	 38/62	 0.09	 0.77b

Ethnicity (%)	
  HANZHU	 80	 82	 0.13	 0.72b

  MANCHU	 12	 10	‑	‑ 
  MONGOLIAN	 6	 4	‑	‑ 
  TIBETAN	 2	 4	‑	‑ 
Weight (kg)	 81±16	 82±17	 0.19	 0.85a

BMI (kg/m2)	 27.3±2.4	 28.1±2.1	 0.82	 0.43a

HbA1c (%)	 8.6±1.2	 8.8±1.3	 0.89	 0.40a

FBG (mmol/l)	 8.7±1.3	 8.9±1.2	 0.58	 0.29a

2hPG (mmol/l)	 13.6±2.1	 14.3±3.1	 0.78	 0.24a

TG (mmol/l)	 2.6±1.3	 2.8±1.6	 0.19	 0.84a

TC (mmol/l)	 5.6±1.1	 5.9±0.5	 0.25	 0.40a

HDL (mmol/l)	 1.3±0.2	 1.5±0.6	 0.15	 0.86a

LDL cholesterol (mmol/l)	 3.8±1.1	 4.2±1.3	 0.08	 0.98a

Resistin (ng/ml)	 14.29±4.21	 14.13±3.76	 1.22	 0.14a

Adiponcetin (pg/ml)	 151.47±44.1	 146.21±36.1	 1.81	 0.06a

CRP (ug/ml)	 5.63±1.54	 5.78±1.34	 0.17	 0.43a

TNF α (pg/ml)	 380.62±110.1	 388.79±92.3	 0.30	 0.38a

HOMA‑IR	 6.42±3.23	 6.67±3.45	 1.97	 0.06a

HOMA‑IS	 67.14±36.4	 66.34±27.1	 1.22	 0.14a

Duration of diabetes (years)	 0.8±0.4	 0.7±0.5	 0.19	 0.42a

HR, beats/min
  24‑h	 75.2±12.4	 74.2±13.3	 0.88	 0.40a

  Daytime	 79.8±13.1	 79.2±12.1	 0.18	 0.86a

  Nighttime	 71.5±11.9	 70.5±12.4	 0.67	 0.52a

SBP, mm Hg	
  24‑h	 39.4±13.9	 138.6±12.9	 2.19	 0.07a

  Daytime	 144.1±14.2	 145.3±14.7	 1.28	 0.25a

  Nighttime1	 135.7±13.5	 136.7±14.1	 1.05	 0.37a

DBP, mm Hg	
  24‑h	 83.1±7.4	 83.9±7.6	 0.11	 0.92a

  Daytime	 86.3±7.7	 86.8±7.9	 0.09	 0.96a

  Nighttime	 80.0±7.5	 80.8±7.8	 0.20	 0.85a

at‑test; bchi‑square test. Values are expressed as the mean ± standard error of the mean or as n (%) as applicable. BMI, body mass index; HbA1c, 
glycated hemoglobin; FBG, fasting blood glucose; 2hPG, 2‑h post‑prandial plasma glucose; TG, triglycerides; TC, total cholesterol; HDL, 
high‑density lipoprotein; CRP, C‑reactive protein; TNF, tumor necrosis factor; HOMA, homeostatic model assessment; IR, insulin resistance; 
IS, insulin sensitivity; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure. Values are expressed as the mean ± standard 
error of the mean.
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were detected in group B (P<0.05), as well as in group A with 
the exception of resistin and CRP (P<0.05). A 4‑kg weight 
decrease was observed in group B and a 4‑kg weight increase 
in group A. Significant increases in insulin resistance, insulin 
sensitivity and adiponectin were present in each group 
(P<0.05). Regarding lipid profiles, significant decreases in 
TG, TC and LDL and an increase in HDL was observed in 
group B (P<0.05), while in Group A, a significant decrease 
in TG (P<0.01) and no changes in TC, HDL and LDL were 
noted (P>0.05) (Table IV).

These cross‑over results suggested that the combination 
of exenatide and MET is superior to the combination of 
BIA30 and MET for therapy of overweight or obese patients 
with T2DM.

Combined therapy with exenatide + MET demonstrates 
superiority to BIA30 + MET for improving the lipid profile 
in overweight or obese patients. The changes in lipid profiles 
are shown in Tables  II‑IV. The results showed that exena-
tide + MET combination therapy reduced the levels of TG, TC 
and LDL (P<0.05), while BIA30 + MET combination therapy 
did not (P>0.05). Furthermore, exenatide + MET combination 
therapy improved HDL levels (P<0.05), while BIA30 + MET 
did not significantly affect HDL levels (P>0.05).

Exenatide + MET therapy shows superiority over 
BIA30  +  MET by decreasing adiponectin, CRP, TNF‑α 
and resistin levels in overweight or obese patients with 
T2DM. Resistin is a hormone that potentially links obesity to 
diabetes (24). Levels of resistin are increased in diet‑induced and 
genetic types of obesity, and the administration of anti‑resistin 
antibody improves blood sugar levels and insulin action in 
mice with diet‑induced obesity  (24). In the present study, 
exenatide + MET combination therapy significantly decreased 
resistin levels (P<0.05), while BIA30 + MET combination 
therapy did not. These results suggested that exenatide + MET 
combination therapy has a superior anti‑diabetes effect to that 
of BIA30 + MET.

Adiponectin, a hormone secreted by fat cells, has 
insulin‑sensitizing and anti‑inflammatory properties. Low 
levels of adiponectin in the plasma have been reported to be 
associated with insulin resistance, which may cause obesity 
and diabetes (25). Adiponectin levels in the blood of diabetic 
patients are lower than those in normal individuals (26). In 
the present study, the exenatide + MET combination therapy 
treatment significantly increased adiponectin levels (P<0.05), 
while BIA30 + MET did not.

CRP is a protein that can be found in the blood. The levels 
of CRP increase following the occurrence of inflammation, 

Table II. Parameter changes in groups A and B in phase I.

	 Group A	 Group B
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 Baseline	 12 weeks	 P‑value	 Baseline	 12 weeks	 P‑value

Waist circumference (cm)	 109.6±14.2	 96.7±14.3	 0.006	 107.3±12.5	 110.7±14.8	 0.046
Weight (kg) 	 81±16	 78±16	 0.019	 82±17	 85±17	 0.042
FBG (mmol/l)	 8.7±1.3	 7.0±1.0	 0.002	 8.9±1.2	 6.9±1.1	 0.019
2hPG (mmol/l)	 13.6±2.1	 10.5±1.9	 0.001	 14.3±3.1	 10.3±1.4	 0.001
HbAlc (%) 	 8.6±1.2	 6.8±0.7	 0.001	 8.8±1.3	 6.5±0.6	 0.001
BMI (kg/m2)	 27.3±2.4	 24.5±2.1	 0.001	 28.1±2.1	 30.5±1.2	 0.031
TG (mmol/l)	 2.6±1.3	 1.7±1.1	 0.001	 2.8±1.6	 1.9±1.3	 0.001
TC (mmol/l)	 5.6±1.1	 4.5±1.4	 0.028	 5.9±0.5	 5.0±2.3	 0.057
HDL (mmol/l)	 1.3±0.2	 1.4±0.4	 0.059	 1.5±0.6	 1.6±0.8	 0.752
LDL (mmol/l)	 3.8±1.1	 3.3±1.1	 0.043	 4.2±1.3	 4.0±1.7	 0.463
FINS (pmol/l)	 136.8±51.6	 118.4±37.9	 0.061	 132.6±45.7	 128.6±45.9	 0.586
HOMA‑IR	 6.42±3.23	 4.16±2.45 	 0.002	 6.67±3.45	 6.23±2.12	 0.044
HOMA‑IS	 67.14±36.4	 91.65±43.7 	 0.001	 66.34±27.1	 101.34±54.2 	 0.001
Fasting c peptide (nmol/l)	 1.14±0.45	 1.12±0.33	 0.751	 1.21±0.34	 1.54±0.48	 0.025
2‑h postprandial c peptide (nmol/l)	 2.69±1.43	 2.84±1.25	 0.634	 2.43±0.32	 2.98±1.14	 0.079
Adiponectin
(pg/ml)	 151.47±44.1	 172.1±40.3	 0.005	 146.21±36.1	 148.5±37.6	 0.642
Resistin (ng/ml) 	 14.29±4.21	 6.75±3.14	 0.001	 14.13±3.76	 12.34±4.65	 0.052
TNF α (pg/ml) 	 380.62±110.1	 280.13±121.4	 0.001	 388.79±92.3	 312.79±119.9 	 0.001
CRP (mg/l) 	 5.63±1.54	 4.12±1.04	 0.001	 5.78±1.34	 5.01±1.96	 0.024

P<0.05 was considered to indicate a statistically significant difference. Values are expressed as the mean ± standard error of the mean. BMI, 
body mass index; HbA1c, glycated hemoglobin; FBG, fasting blood glucose; 2hPG, 2‑h post‑prandial plasma glucose; TG, triglycerides; 
TC, total cholesterol; H/LDL, high/low‑density lipoprotein; CRP, C‑reactive protein; TNF, tumor necrosis factor; HOMA, homeostatic 
model assessment; IR, insulin resistance; IS, insulin sensitivity; FINS, fasting insulin. Values are expressed as the mean ± standard error 
of the mean.
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and baseline CRP is an important biomarker for the risk of 
diabetes. High levels of CRP are closely associated with the 
development of diabetes  (27). In the present study, exena-
tide + MET combination therapy significantly decreased CRP 
levels (P<0.05), while BIA30 + MET did not.

TNF‑α is a cytokine involved in systemic inflamma-
tion and has an important role in the mechanism of insulin 
resistance associated with obesity. TNF‑α has been reported 
to be widely expressed in adipose tissue (28). In the present 
study, exenatide + MET combination therapy caused a greater 
decrease in TNF‑α levels than BIA30 + MET combination 
therapy (P<0.05).

BIA30 + MET is equal to exenatide + MET regarding 
HOMA‑IS. The patients receiving exenatide + MET 
combination therapy showed a similarly significant base-
line‑to‑endpoint improvement in β‑cell function to those 
receiving BIA30 + MET, as evaluated by the HOMA‑IS. 
The HOMA‑IS index increased from 67.14±36.4 (baseline) 
to 91.65±43.7 (12 weeks) and from 80.79±36.9 (24 weeks) 
to 92.65±49.9 (36 weeks) with exenatide + MET combina-
tion therapy (P<0.01). The HOMA‑IS index increased 
from 66.34±27.1 (baseline) to 101.34±54.2 (12 weeks) and 
from 81.23±31.2 (24 weeks) to 93.52±45.6 (36 weeks) with 
BIA30 + MET combination therapy (P<0.01).

Exenatide + MET is superior to BIA30 + MET regarding 
HOMA‑IR. In Phase I, the patients receiving exenatide + MET 
combination therapy exhibited a significantly greater improve-
ment in β‑cell function than those receiving BIA30 + MET 
combination therapy, as assessed by HOMA‑IR. Furthermore, 
in Phase III, HOMA‑IR was significantly improved in 
exenatide  +  MET group, while that in patients receiving 
BIA30 + MET combination therapy was significantly dete-
riorated. All of the results suggested that exenatide + MET 
combination therapy was superior to BIA30 + MET combina-
tion therapy regarding its anti‑diabetic activities on improving 
β‑cell function by reducing insulin resistance.

Discussion

The present study investigated the efficacy of the combination 
therapy of exenatide or BIA30 and MET in the treatment of 
overweight or obese patients newly diagnosed with T2DM. 
The most significant findings were associated with weight 
reduction, enhanced glycemic control and the reduction in 
HbA1c values, and showed that the combination therapy of 
exenatide + MET significantly improved several of the patient's 
clinical parameters.

The results of the present study suggested that 
exenatide + MET combination therapy is effective for glucose 

Table III. Parameter changes in groups A and B in phase II.

	 Group A	 Group B
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 12 weeks	 24 weeks	 P‑value	 12 weeks	 24 weeks	 P‑value

Waist circumference (cm) 	 96.7±14.3	 96.2±11.3	 0.267	 110.7±14.8	 111.4±13.6	 0.846
Weight (kg) 	 78±16	 78.2±16.3	 0.584	 85±17	 82.3±19.6	 0.712
FBG (mmol/l)	 7.0±1.0	 7.8±1.2	 0.006	 6.9±1.1	 7.9±1.1	 0.011
2hPG (mmol/l)	 10.5±1.9	 12.5±1.1	 0.004	 10.3±1.4	 14.1±2.4	 0.006
HbAlc (%) 	 6.8±0.7	 7.8±0.6	 0.002	 6.5±0.6	 8.2±1.5	 0.001
BMI (kg/m2)	 26.5±2.1	 26.1±1.9	 0.513	 30.5±1.2	 30.1±3.1	 0.961
TG (mmol/l)	 1.7±1.1	 1.82±1.41	 0.218	 1.9±1.3	 2.6±1.2	 0.001
TC (mmol/l)	 4.5±1.4	 5.3±0.7	 0.052	 5.0±2.3	 5.6±0.6	 0.075
HDL (mmol/l)	 1.4±0.4	 1.36±0.4	 0.064	 1.6±0.8	 1.7±0.5	 0.062
LDL (mmol/l)	 3.5±1.1	 3.61±1.12	 0.059	 4.0±1.7	 4.3±1.4	 0.081
FINS (pmol/l)	 118.4±37.9	 122.6±46.2	 0.071	 128.6±45.9	 128.5±52.3	 0.914
HOMA‑IR	 4.16±2.45 	 4.27±2.67	 0.778	 6.23±2.12	 4.91±1.34	 0.001
HOMA‑IS	 91.65±43.7 	 81.23±31.2	 0.029	 101.34±54.2 	 80.79±36.9	 0.001
Fasting c peptide (nmol/l)	 1.12±0.33	 1.11±0.36	 0.842	 1.54±0.48	 1.01±0.42	 0.001
2‑h post‑prandial c peptide (nmol/l)	 2.84±1.25	 2.76±1.32	 0.514	 2.98±1.14	 2.81±1.43	 0.097
Adiponectin (pg/ml)	 172.1±40.3	 168.12±29.1	 0.845	 148.5±37.6	 149.12±29.1	 0.843
Resistin (ng/ml) 	 6.75±3.14	 6.99±3.36	 0.642	 12.34±4.65	 11.66±1.52	 0.648
TNF α (pg/ml) 	 280.13±121.4	 314.25±76.2	 0.025	 312.79±119.9 	 348.5±125.4	 0.045
CRP (mg/l) 	 4.12±1.04	 4.14±1.21	 0.648	 5.01±1.96	 4.81±0.99	 0.079

P<0.05 was considered to indicate a statistically significant difference. Values are expressed as the mean ± standard error of the mean. BMI, 
body mass index; HbA1c, glycated hemoglobin; FBG, fasting blood glucose; 2hPG, 2‑h post‑prandial plasma glucose; TG, triglycerides; 
TC, total cholesterol; H/LDL, high/low‑density lipoprotein; CRP, C‑reactive protein; TNF, tumor necrosis factor; HOMA, homeostatic 
model assessment; IR, insulin resistance; IS, insulin sensitivity; FINS, fasting insulin. Values are expressed as the mean ± standard error 
of the mean.
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control in overweight or obese patients newly diagnosed with 
T2DM. These results have provided additional information, 
which may enhance the clinical decision‑making process for 
patients who have been unable to achieve appropriate glycemic 
control. The present study showed that exenatide  +  MET 
combination therapy was superior to BIA30 + MET combina-
tion therapy for the treatment of overweight or obese patients 
newly diagnosed with T2DM. It should be taken into account 
that in the present study, all patients were treated with a 
combination therapy, whereas only one report demonstrated 
that a double combination was beneficial for the therapy of 
T2DM patients (20); however, since the double and combina-
tion therapies involve subcutaneous injections of the agents at 
the same time twice daily and have the potential to favorably 
affect fasting and post‑prandial glucose, they may be consid-
ered to be suitable interventions. Exenatide has been shown 
to improve glycemic control in patients with T2DM who 
failed to achieve glycemic control with maximally effective 
MET doses (29). This implied that the shortcomings of MET 
may be avoided if exenatide is used in the combined therapy 
model (30).

Consistent with the results of clinical trials with exena-
tide (19), a significant decrease in body weight was observed 
in the present study in patients receiving exenatide + MET 
combination therapy; this decrease was significantly greater 
than that observed in the patients receiving BIA30 + MET 

combination therapy. Furthermore, the HbA1c levels were 
significantly reduced in patients receiving exenatide + MET 
combination therapy compared with those at baseline; since 
this decrease was consistent with the reduction in body weight, 
it was indicated that the observed weight reduction was suffi-
cient to affect glycemic control. Among all of the changing 
trends between exenatide + MET combination therapy and 
BIA30 + MET combination therapy, it appeared that the 
greatest reduction in weight was observed in the patients 
receiving the combination therapy of exenatide + MET. It 
should be noted that the long‑term implications of the progres-
sive weight reduction observed in the patients treated with 
exenatide + MET combination therapy, with regard to the 
glycemic control and overall systemic effects, were not fully 
elucidated in the present study; however, given the central 
role of obesity in the pathophysiology of T2DM (31‑33), it is 
suggested that agents that lower blood glucose may reduce this 
risk factor.

BIA30 has been reported to improve glycemic control in 
T2DM patients in whom the condition is poorly controlled 
by other medications  (13). BIA30 has been found to be 
more effective for the treatment of patients with a high 
baseline HbA1c level, enabling most patients to achieve 
glycemic control. However, MET is the first‑line agent for 
the treatment of T2DM, particularly in overweight and obese 
individuals (17). The findings of the present study showed that 

Table IV. Parameter changes in groups A and B in phase III.

	 Group A	 Group B
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 24 weeks	 36 weeks	 P‑value	 24 weeks	 36 weeks	 P‑value

Waist circumference (cm) 	 96.2±11.3	 100.2±10.4	 0.021	 111.4±13.6	 107.2±11.8	 0.021
Weight (kg) 	 78.2±16.3	 82.2±14.9	 0.024	 82.3±19.6	 78.1±17.2	 0.026
FBG (mmol/l)	 7.8±1.2	 6.5±1.5	 0.004	 7.9±1.1	 6.6±1.5	 0.001
2hPG (mmol/l)	 12.5±1.1	 9.5±1.7	 0.001	 14.1±2.4	 9.4±1.2	 0.001
HbAlc (%) 	 7.8±0.6	 6.6±0.8	 0.016	 8.2±1.5	 6.4±0.8	 0.001
BMI (kg/m2)	 26.1±1.9	 28.1±2.4	 0.009	 30.1±3.1	 27.5±1.9	 0.004
TG (mmol/l)	 1.82±1.41	 1.71±1.13	 0.017	 2.6±1.2	 1.8±1.4	 0.001
TC (mmol/l)	 5.3±0.7	 4.6±1.2	 0.085	 5.6±0.6	 4.9±2.1	 0.026
HDL (mmol/l)	 1.36±0.4	 1.37±0.5	 0.677	 1.7±0.5	 1.7±0.8	 0.247
LDL (mmol/l)	 3.61±1.12	 3.53±1.21	 0.845	 4.3±1.4	 3.7±1.4	 0.0218
FINS (pmol/l)	 122.6±46.2	 137.5±42.1	 0.086	 128.5±52.3	 126.7±48.8	 0.824
HOMA‑IR	 4.27±2.67	 4.84±1.86 	 0.043	 4.91±1.34	 3.97±1.26	 0.015
HOMA‑IS	 81.23±31.2	 93.52±45.6 	 0.012	 80.79±36.9	 92.65±49.9	 0.008
Fasting c peptide (nmol/l)	 1.11±0.36	 1.21±0.36	 0.684	 1.01±0.42	 1.17±0.51	 0.102
2‑h post‑prandial c peptide (nmol/l)	 2.76±1.32	 2.89±1.42	 0.125	 2.81±1.43	 2.91±1.12	 0.087
Adiponectin (pg/ml)	 168.12±29.1	 178.3±37.3	 0.247	 149.12±29.1	 227.3±25.2	 0.001
Resistin (ng/ml) 	 6.99±3.36	 6.76±1.44	 0.857	 11.66±1.52	 5.47±1.31	 0.001
TNF α (pg/ml) 	 314.25±76.2	 271.14±117.8	 0.001	 348.5±125.4	 231.7±143.5	 0.001
CRP (mg/l) 	 4.14±1.21	 4.11±2.01	 0.914	 5.01±0.99	 4.04±1.21	 0.002

P<0.05 was considered to indicate a statistically significant difference. Values are expressed as the mean ± standard error of the mean. BMI, 
body mass index; HbA1c, glycated hemoglobin; FBG, fasting blood glucose; 2hPG, 2‑h post‑prandial plasma glucose; TG, triglycerides; TC, 
total cholesterol; H/LDL, high/low‑density lipoprotein; CRP, C‑reactive protein; TNF, tumor necrosis factor; HOMA, homeostatic model 
assessment; IR, insulin resistance; IS, insulin sensitivity; FINS, fasting insulin. Values are expressed as the mean ± standard error of the mean.
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the combination of MET + BIA30 did not improve glycemic 
control and weight gain was observed in overweight or obese 
patients newly diagnosed with T2DM subjected to this treat-
ment.

Of note, the present study had a number of limitations due 
to the lack of control groups treated with placebo or drug mono-
therapy. All the experiments were omitted mainly considering 
that most T2DM patients are likely to fail to achieve glycemic 
control with maximally effective exenatide, MET or BIA30 
doses (14,34,35). In future studies using a larger number of 
patients, placebos may be used as controls.

In conclusion, the present study was the first, to the best 
of our knowledge, to investigate the use of a combination 
therapy of Exenatide or BIA30 with MET for overweight or 
obese patients newly diagnosed with T2MD. Glycemic control 
was achieved in Group A (exenatide + MET) group. The 
exenatide + MET combination therapy achieved a significant 
increase in the level of adiponectin and a significant reduc-
tion in the levels of CRP and resistin, while MET + BIA30 
did not; furthermore, exenatide + MET caused a significantly 
greater reduction of TNF‑α compared with BIA30 + MET 
combination therapy (P<0.05). Exenatide + MET combination 
treatment therefore provides a potential alternative for the safe 
and effective treatment of overweight or obese patients newly 
diagnosed with T2DM.
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