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Abstract

Aim: In the present study, we investigated the long-term effects of exenatide treatment 

on serum fasting ghrelin levels in patients with type 2 diabetes mellitus.

Methods: Type 2 diabetic patients, who were using metformin with and without the 

other antihyperglycemic drugs on a stable dose for at least 3 months, were enrolled 

in the study. BMI>35 kg/m2 and HbA1c>7.0% were the additional inclusion criteria. 

Oral antihyperglycemic drugs, other than metformin, were stopped, and metformin 

treatment was continued at 2000 mg per day. Exenatide treatment was initiated at 5 µg 

per dose subcutaneously (sc) twice daily, and after one month, the dose of exenatide 

was increased to 10 µg twice daily. Changes in anthropometric variables, glycemic 

control, lipid parameters and total ghrelin levels were evaluated at baseline and 

following 12 weeks of treatment.

Results: Thirty-eight patients (male/female = 7/31) entered the study. The mean age of 

patients was 50.5 ± 8.8 years with a mean diabetes duration of 8.5 ± 4.9 years. The mean 

BMI was 41.6 ± 6.3 kg/m2 and the mean HbA1c of patients was 8.9 ± 1.4%. The mean 

change in the weight of patients was −5.6 kg and the percentage change in weight was 

−5.2 ± 3.7% following 12 weeks of treatment. BMI, fasting plasma glucose and HbA1c 

levels of patients were decreased significantly (P < 0.001 and P < 0.001; respectively), 

while there was no change in lipid parameters. Serum fasting ghrelin levels were 

significantly suppressed following 12 weeks of exenatide treatment compared with 

baseline values (328.4 ± 166.8 vs 245.3 ± 164.8 pg/mL) (P = 0.024).

Conclusion: These results suggest that the effects of exenatide on weight loss may be 

related with the suppression of serum fasting ghrelin levels, which is an orexigenic 

peptide.

Introduction

Excess weight and weight gain are significant problems 
in the treatment of patients with type 2 diabetes mellitus 
(1). Weight reduction is a critical part of type 2 diabetic 
patients’ management to obtain better glycemic control 
and prevent the development of chronic complications. 
Excessive energy intake is one of the contributing factors 

that play a part in the observed weight gain in patients 
with type 2 diabetes mellitus (2). In addition, many 
antidiabetic agents, including insulin, sulfonylureas and 
thiazolidinediones, cause weight gain instead of weight 
loss during the management period (3). Glucagon-
like peptide-1 (GLP-1) receptor agonists are used in the 
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treatment of patients with type 2 diabetes mellitus, and 
liraglutide 3 mg/day has also been recently approved for 
the treatment of obesity. GLP-1 agonists are potential 
regulators of feeding behavior through their ability to 
inhibit gastric emptying, reduce food intake and induce 
satiety (4, 5), but the exact mechanism of how GLP-1 
agonists promote weight loss is not clearly understood.

Ghrelin, which is a potent gut–brain orexigenic 
peptide, plays an important role in the stimulation of 
food intake and long-term regulation of body weight 
(6, 7). Preprandial rise and postprandial fall in plasma 
ghrelin concentrations suggest a physiological role for 
ghrelin in meal initiation in humans (8). There are some 
limited animal and cross-sectional studies that suggest 
that suppression of serum ghrelin levels might be one 
of the contributing factors for the weight loss effect of 
exenatide. It was reported that exenatide, which is a long 
acting GLP-1 agonist, reduced serum ghrelin levels in 
fasting rats (9), and exenatide treatment caused prolonged 
suppression of serum ghrelin levels following a mixed 
meal test in obese diabetic women (10). However, there is 
no study evaluating the effects of chronic exenatide usage 
on serum fasting ghrelin levels. In the present study, we 
investigated the long-term effects of exenatide treatment 
on serum fasting ghrelin levels in obese patients with type 
2 diabetes mellitus.

Material and methods

Subjects

This study was planned as an open-label, non-randomized, 
longitudinal study. Patients were recruited from pre-
screened patients with type 2 diabetes mellitus from 
an Endocrinology outpatient clinic of a tertiary referral 
center. Thirty-eight diabetic patients, who were using 
metformin with and without the other antihyperglycemic 
drugs on a stable dose for at least 3  months, were 
enrolled in the study. Body mass index (BMI) >35 kg/m2  
and hemoglobin A1c > 7.0% were the additional 
inclusion criteria. Exclusion criteria included presence 
of pancreatitis, cardiovascular, gastrointestinal, hepatic, 
renal, rheumatological, neoplastic, infectious and other 
endocrine diseases, with the exception of type 2 diabetes 
mellitus, hyperlipidemia and hypertension. None of 
the patients had a previous history of substance abuse. 
Informed consent was obtained from all participants, 
and the study was performed in accordance with the 
Declaration of Helsinki. The study was approved by the 

Local Ethical Committee of Yuksek Ihtisas Research and 
Training Hospital (formerly Sevket Yilmaz Research and 
Training Hospital).

At the beginning, standard diet and lifestyle 
modification, including physical exercise, were 
administered to all patients according to American 
Diabetes Association (ADA) recommendations (11). 
Patients were encouraged to implement medical nutrition 
therapy (MNT) modifications that reduce intakes of energy, 
saturated and trans fatty acids, cholesterol and sodium. 
Total energy intake was calculated as 25–30 kcal/kg for the 
ideal weight of a patient and was composed of 45–65% 
carbohydrates, 20–35% fat and 10–15% protein. Saturated 
fat and dietary cholesterol intake were limited to <7% of 
total calories and <200 mg/day, respectively. A physical 
activity program was planned as 40–60 min of walking at 
least 3 days per week. Oral antihyperglycemic drugs, other 
than metformin, were stopped and metformin treatment 
was continued as 2000 mg per day.

After the 72-h washout period, patients presented to 
the investigation center in the morning following a 12-h 
fasting period. Body weight and height were measured in 
the fasting state. BMI was computed as weight in kilograms 
divided by height in meters squared. Blood pressure (BP) 
measurements were obtained from each patient’s right 
arm in the seated position by using a standard mercury 
sphygmomanometer after 10 min of rest in the morning. 
Three successive BP readings were obtained at 5-min 
intervals and averaged. Venous blood samples were taken 
for the measurement of biochemical parameters and serum 
total ghrelin levels. Exenatide treatment was initiated at 
5 µg per dose sc twice daily, and after one month, the dose 
of exenatide was increased to 10 µg twice daily. Patients 
were seen every month to control treatment compliance. 
Patients were questioned for side effects of the used 
drugs. After the three months of exenatide treatment, 
patients were invited to the study center again, and the 
experimental procedures were repeated.

Measurements

Blood was collected into serum separator tubes with clot 
activator. Samples were centrifuged at 3000 g for 15 min to 
separate serum. All specimens were stored at −80°C until 
analysis. Serum total ghrelin levels were measured with 
the commercially available ELISA kit (RayBio Human/
Mouse/Rat Ghrelin Enzyme Immunoassay, RayBiotech, 
Norcross, GA, USA). The sensitivity limit of total ghrelin 
was 0.1 ng/mL and intra- and inter-assay coefficients of 
variability of the assay were <10% and <15%, respectively. 
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Baseline laboratory parameters, including serum glucose, 
total cholesterol, triglycerides (TG) and high-density 
lipoprotein (HDL) cholesterol, were measured using the 
auto analyzer system (Aeroset System Abbott, Abbott 
Laboratories) and HbA1c levels were determined by high-
performance liquid chromatography (Trinity Biotech, 
Kansas City, MO, USA). Low-density lipoprotein (LDL) 
cholesterol was calculated by the Friedewald formula 
as total cholesterol– (HDL cholesterol + TG/5) in case 
of measured TG level below 400 mg/dL. (For SI unit 
conversions: pg/mL × 0.3 = pmol/L for ghrelin).

Statistical analyses

The data were analyzed using SPSS for Windows, version 
21.0. Data were shown as mean ± s.d. A two-sided P value 
of less than 0.05 was considered statistically significant. 
Individual variables were compared by paired t test for 
normally distributed variables and Wilcoxon signed-
rank test for non-normal variables. Percentage changes 
were calculated as (60th  min-baseline)/baseline, (120th 
minutes-baseline)/baseline, etc. Pearson correlation 
analysis was used to investigate the association between 
serum ghrelin and the other laboratory parameters.

Results

Demographics, anthropometric measurements and 
laboratory parameters of patients at the beginning of 
the study and after the 12  weeks of treatment with 
exenatide plus metformin are summarized in Table  1. 
Thirty-eight patients (male/female = 7/31) with type 
2 diabetes mellitus entered the study. The mean age of 
patients was 50.5 ± 8.8 years with mean diabetes duration 
of 8.5 ± 4.9 years. All of the patients were obese, and the 

mean body weight was 108.1 ± 17.6 kg, while BMI was 
41.6 ± 6.3 kg/m2. Baseline mean FPG was 225 ± 79 mg/dL  
and mean HbA1c was 8.9 ± 1.4%, which reflects the 
uncontrolled diabetes. The lipid parameters of patients are 
often far away from the intended goal for diabetic patients. 
Serum mean LDL cholesterol and mean triglyceride levels 
were 115 ± 45 mg/dL and 240 ± 134 mg/dL, respectively. 
Metformin and exenatide treatments were well tolerated 
by the patients, and we did not observe any serious side 
effects or major hypoglycemic events during the study 
period. All patients completed the study.

The mean change in weight of patients was −5.6 kg 
and percentage change in weight was −5.2 ± 3.7% 
following 12 weeks of treatment, and it was considered 
as successful weight loss. The mean change in BMI of the 
patients was −2.1 kg/m2 at the end of the study (41.6 ± 6.3 
vs 39.5 ± 6.3 kg/m2). Significant differences were observed 
for both anthropometric parameters and P value was 
<0.001. Mean changes were also statistically significant 
for FPG (225 ± 79 vs 184 ± 90) and HbA1c (8.9 ± 1.4 vs 
7.6 ± 1.5%) levels during the study period, and P values 
were 0.008 and <0.001, respectively. There was no change 
in lipid parameters, while significant differences were 
observed in SBP and DBP measurements. The mean 
change was −9 mmHg for SBP (P = 0.002) and −4 mmHg 
for DBP (P = 0.010). Serum fasting ghrelin levels were 
suppressed significantly at the 12th week of exenatide 
treatment compared with baseline values (328.4 ± 166.8 
vs 245.3 ± 164.8 pg/mL; P = 0.024) (Fig. 1). Normal hepatic 
and renal functions were preserved during the study 
period. Correlation analysis revealed that there was 
inverse but weak correlation between percentage change 
in serum ghrelin levels and percentage change in body 
weight (P = 0.01, r = −386). No significant, neither positive 
nor negative, correlation was found with serum ghrelin 
levels other than weight change.

Table 1  Laboratory parameters of patients at baseline and after the three months of treatment with exenatide plus metformin.

Baseline (n = 38) 3rd month (n = 38) P

Weight (kg) 108.1 ± 17.6 102.5 ± 17.6 <0.001
Body mass index (kg/m²) 41.6 ± 6.3 39.5 ± 6.3 <0.001
Systolic blood pressure (mmHg) 139 ± 18 130 ± 15 0.002
Diastolic blood pressure (mmHg) 86 ± 10 82 ± 9 0.01
FBG (mg/dL) 225 ± 79 184 ± 90 0.008
HbA1c (%) 8.9 ± 1.4 7.6 ± 1.5 <0.001
Total cholesterol (mg/dL) 221 ± 43 212 ± 35 NS
HDL cholesterol (mg/dL) 43 ± 9 41 ± 8.0 NS
Triglyceride (mg/dL) 240 ± 134 222 ± 116 NS
LDL cholesterol (mg/dL) 115 ± 45 126 ± 29 NS
Creatinin (mg/dL) 0.76 ± 0.16 0.77 ± 0.20 NS
ALT (U/L) 25 ± 17 20 ± 7 NS
Ghrelin (pg/mL) 328.4 ± 166.8 245.3 ± 164.8 0.024
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Discussion

In this study, we observed that serum fasting ghrelin 
levels were suppressed significantly following 12  weeks 
of exenatide plus metformin treatment in obese patients 
with type 2 diabetes mellitus compared with the baseline 
values. Body weight, BMI and HbA1c levels of patients 
were also decreased significantly. Exenatide is a glucose-
lowering drug that mimics the action of an endogenous 
GLP-1. GLP-1 receptor agonists, such as exenatide, increase 
the first phase of insulin secretion and suppress glucagon 
secretion, and it is effective in improving glycemic 
control (4, 12). Exenatide treatment also has been shown 
to induce weight loss in overweight patients with type 
2 diabetes mellitus (13, 14). Exenatide is a potential 
regulator of feeding behavior through its ability to inhibit 
gastric emptying, reduce food intake and induce satiety 
(4, 5). But how exenatide exactly promotes weight loss 
and induce satiety is not clearly understood. Weight loss 
seen during the exenatide treatment is considered to be 
associated with the gastrointestinal side effects observed 
at the beginning of the treatment. However, several trials 
reported that patients who did not experience nausea also 
lose weight (13, 15). Our findings suggest that ghrelin 
suppression induced by exenatide treatment could be 
playing a role in the weight loss effect of exenatide.

Ghrelin is a potent orexigenic peptide and nutritional 
status can change endogenous ghrelin secretion. Serum 
levels of ghrelin increase in a fasting state and decrease 
after food intake. This is supporting the role of this peptide 
as a peripheral sensor of short-time energy balance (16, 17, 
18). It is suggested that increased serum ghrelin levels also 
have a role in weight regain after diet-induced weight loss. 
Recently, Sumuthiran and coworkers (19) reported that 
weight loss led to significant increment in serum levels of 
ghrelin. In addition, they observed a significant increase 

in subjective appetite of patients. Ghrelin also increases 
gastric motility and acid secretion (20). Ghrelin and GLP-1 
have opposing effects on the gastrointestinal system 
when compared with each other. An inverse relationship 
between GLP-1 and ghrelin levels has been demonstrated 
after glucose ingestion in humans (21).

The effect of exenatide on serum ghrelin levels has 
been investigated in some animal studies. It is shown 
that combined treatment of exenatide with omeprazole 
reduces food intake and body weight gain, most likely 
through changes in plasma ghrelin and leptin levels in 
rats (22). Pérez-Tilve and coworkers (9) also reported 
that intraperitoneal and intracerebroventricular 
administration of exenatide reduced the serum ghrelin 
levels and the food intake in a dose-dependent manner in 
fasting rats. They showed that insulin levels also remained 
low for up to 8 h following exenatide administration.

Prader–Willi syndrome (PWS) is associated with 
hyperphagia and obesity. Patients with PWS have 
high circulating ghrelin levels that do not decrease 
postprandially (23). There are some studies evaluating the 
effects of GLP-1 receptor agonists in patients with PWS. 
Sze and coworkers (24) found that a single sc injection of 
10 μg exenatide increased satiety and lowered glucose and 
insulin levels but increased the insulin secretion rate in 
adults with PWS and in obese controls. They also reported 
that exenatide treatment decreased PYY and glucagon-
like peptide-1, while ghrelin levels remained unchanged. 
However, Senda and coworkers (25) reported that the 
GLP-1 receptor antagonist, liraglutide, suppresses serum 
ghrelin levels and controls diabetes in patients with PWS.

However, there are limited data about the effect of 
exenatide treatment on serum ghrelin levels in patients 
with type 2 diabetes mellitus. Recently, it has been reported 
in a study which was designed in a cross-sectional manner 
(10) that exenatide treatment causes prolonged suppression 
in serum ghrelin levels following a mixed meal test in 
obese female patients with type 2 diabetes mellitus, but as 
far as we know, there is no study evaluating the effect of 
long-term exenatide usage on serum fasting ghrelin levels 
in patients with type 2 diabetes mellitus. Hagemann and 
coworkers (26) reported that a GLP-1 infusion suppressed 
ghrelin levels and increased insulin in healthy male 
volunteers. They concluded that the ghrelin reduction 
was likely a consequence of elevated insulin levels. When 
the effects of exenatide administration on serum insulin 
levels are taken into consideration, the observed serum 
ghrelin suppression might be secondary to the mentioned 
hormonal changes induced by exenatide in our study. 
Previous studies indicate that both increased insulin levels 

Figure 1
Effect of exenatide treatment on serum ghrelin levels of patients.
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and hyperglycemia suppress circulating ghrelin levels 
(27, 28). Serum glucose levels were lower compared with 
the baseline values in our study, but unfortunately, we did 
not measure serum insulin levels. However, it is known 
that exenatide treatment is lowering serum glucose and 
insulin levels while increasing the insulin secretion rate 
and insulin sensitivity, but this does not clearly explain the 
mechanism of the effect exenatide has on serum ghrelin 
levels. Another possible mechanism, which contributes to 
the postprandial decline in serum ghrelin levels, might 
be the delayed gastric emptying associated with exenatide 
treatment (29).

Patients in the present study were receiving both 
exenatide and metformin treatment. Metformin 
usage causes weight loss, but the results of the studies 
investigating the effect of metformin treatment on serum 
ghrelin levels are conflicting (30, 31). Suppression of 
serum ghrelin levels could not be attributed to metformin 
in our study because patients who were using metformin 
on a stable dose for at least 3  months were enrolled in 
the study, and metformin treatment was continued 
throughout the study.

In conclusion, these results suggest that 12  weeks 
of exenatide plus metformin treatment suppresses 
serum fasting ghrelin levels in obese patients with type 
2 diabetes mellitus. However, our study population was 
small in order to draw a definitive conclusion with regard 
to the general population. Further randomized placebo 
controlled studies are needed to clarify the exact effect of 
exenatide and the other GLP-1 receptor agonists treatment 
on serum ghrelin levels in order to confirm our findings.
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