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Introduction
Ghrelin is a circulating polypeptide hormone derived 

predominantly from the stomach. It is a peripherally active appetite-
stimulating hormone [1], which acts at the hypothalamus [2]. Ghrelin 
is secreted as a large precursor protein- the preproghrelin. As part of 
posttranslational modification, acyle ghrelin and des-acyle ghrelin are 
produced [3]. Acylation of ghrelin occurs on Ser3 of the proghrelin 
peptide by the enzyme ghrelin O-acyltransferase [4,5]. Acylated 
ghrelin is the active form that binds to its G protein-coupled receptor 
- the growth hormone secretagogue type 1 a [6] resulting in increased 
food intake and stimulation of growth hormone secretion [1,2]. 
The unacylated form, des-n-octanoyl ghrelin, has no physiological 
activity and, however, is the most abundant in human plasma [7]. The 
regulation of ghrelin secretion and ghrelin acylation is not well known. 

Infusion of ghrelin has been shown to stimulate appetite and 
increase food intake in healthy volunteers but did not affect gastric 
emptying suggesting that the effects of ghrelin are centrally mediated 
rather than secondary to effects on the stomach [8]. Circulating levels 
of ghrelin increase in fasting states by nearly twofold and fall following 
meal in a pattern reciprocal to that of insulin [9]. When administered 
to rodents at supraphysiological doses, ghrelin increases food intake 
and body weight through the activation of hypothalamic neuropeptide 
Y [9]. Studies showed that total ghrelin levels inversely correlate with 
body mass index in conditions of obesity in rodent [10] and humans 
[11].

Sitagliptin is a recently approved new class of anti-diabetic drug 
[12]. It is one of the orally available DPP-4 enzyme inhibitors that 
inactivate GLP-1 and GIP released in response to a meal [13]. As 
a result of sitagliptin therapy, the serum levels of GLP-1 and GIP 
increase by 2-3 fold. GLP-1 and GIP potentiate insulin secretion and 
suppress glucagon release from the pancreas. Stagliptin has no anorexic 
effect and does not reduce body weight. The effects of sitagliptin on 
circulating levels of ghrelin have not been studied. However, there are 
conflicting data in the literature showing increase or decrease in ghrelin 
in patients treated with metfromin [14-16]. Therefore, in this study we 

examined the effects of sitagliptin, metformin or their combination on 
ghrelin concentrations in patients with T2D. 

Subjects and Methods
Patients and controls

Patients were recruited from the Comprehensive Diabetes Center, 
of the Wayne State University Physicians Group, Detroit, MI. The 
study protocol was approved by the Institutional Review Boards 
of Wayne State University School of Medicine and of the Detroit 
Medical Center. Informed consent was obtained from all participants. 
All patients willing to participate in the study were included if they 
were not taking sitagliptin or metformin previously and if there is no 
contra-indication for these medications. The patients were divided into 
3 groups assigned to treatments with sitagliptin (N=15), metfromin 
(N=16) or combination of metformin and sitagliptin (N=15). Control 
subjects consisted of 15 healthy volunteers. The HbA1c for the patients 
with diabetes ranged between 6.5 to 10%. 

Study design 

All subjects had a fasting baseline blood drawing before they start 
the medication. After the initial blood drawing patients were given a 
meal challenge in the form of energy drink containing 360 calories 
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Abstract
Ghrelin is an appetite-stimulating hormone mainly produced by the stomach. Circulating levels of ghrelin increase 

in fasting sates and fall following meal. Sitagliptin is an orally available new class of anti-diabetic drug that inhibits 
dipeptidyl peptidase-4 (DPP-4) leading to 2-3 fold increase in the serum concentration of glucagon-like peptide-1 
(GLP-1) and glucose-dependent insulinotropic polypeptide (GIP). This study was performed to determine the effects of 
sitagliptin on circulating levels of ghrelin in control subjects (N=15) and diabetic patients (N=46). The diabetic patients 
were treated with sitagliptin (N=15), metformin (N=16) or combination of sitagliptin and metformin (N=15) for one week. 
Serum concentrations of total and active ghrelin were determined immediately before and 2 hours after meal challenge. 
The tests were repeated among patients with diabetes after receiving drug therapy for one week. Active ghrelin was 
significantly more suppressed than total ghrelin in diabetic patients (by 36%, p<0.001). In patients taking sitagliptin, 
total ghrelin (means±SEM) fell from 386±37 pg/ml at baseline to 345±73 pg/ml whereas active ghrelin decreased from 
160±18 pg/ml to 85±12 pg/ml (p<0.01). There was no statistical difference in ghrelin levels between the three treatment 
groups. Active ghrelin concentration correlated negatively with BMI in diabetic patients (P<0.05). After adjusting data 
for sitagliptin or its combination with metformin suppressed active: total ghrelin ratio more potently than metformin alone 
(P<0.001). Sitagliptin suppressed active ghrelin more significantly in patients with diabetes when compared to healthy 
controls. Postprandial ghrelin suppression was strongest after medication. The result of this study warrants further 
investigation of the significance of ghrelin suppression in patients with diabetes.
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(Nestle HealthCare Nutrition, Fremont, Michigan). A second blood 
sample was withdrawn two hours after the meal challenge. Then 
depending on their blood sugar levels and requirement of medication, 
patients were started on sitagliptin 100 mg po daily, metformin 500 mg 
po twice daily or a combination of metformin and sitagliptin (Janumet 
50/500 mg) twice daily. After taking the medications for one week 
patients were invited again for second fasting and post-meal blood 
drawings as above. Fasting and post-meal challenge ghrelin levels were 
also determined in healthy volunteers but no drug was given. 

Preservation of samples

Whole blood was directly drawn into a vacutainer tube. The protease 
inhibitor, 4-(2-aminoethyl) benzenesulfonyl fluoride hydrochloride 
(AEBSF, 1 mg/ml) was added immediately into the collected blood to 
avoid the break down of ghrelin by proteases. Blood was clotted on ice 
for 30 min to 1 hour and centrifuged. Serum was collected and acidified 
by treating the sample with 0.05N HCl (final concentration). The serum 
was then frozen at -80oC until analysis.

Ghrelin assay

ELISA kits used for measurement of total and active serum ghrelin 
were obtained from Millipore (Millipore, Billerica, MA). The capture 
and detection antibody mix was applied to 2nd antibody coated 96-
well ELISA plates specific to either active ghrelin or total ghrelin, 
containing appropriate quantities of blank, standards, quality controls 
and samples over 2 hours at RT. The plates were washed with washing 
buffer and incubated with streptavidin horseradish peroxidase enzyme 
followed by assay substrate, 3,3’,5,5’-tetramethylbenzidine according 
to the manufacture’s instructions. The reaction was stopped after 20 
min by addition of stop solution and optical density was measured 
with a micro-plate reader equipped with SoftMax Pro data acquisition 
and analysis (Molecular Devices) at 450 nm and wells corrected for 
reference (Acor=A450-A570). 

Statistical analysis

SPSS software version 18 (SPSS Inc, Chicago, IL) was used for 
data analysis, data screening, and computations. One way analysis of 
variance, two-tailed independent unpaired t-tests, means and standard 
errors of the mean (SEM) were used for continuous variables or 
parametric tests. Statistical significance was set at p<0.05 for all tests. 
Each of the three groups was compared with non-diabetic healthy 
controls.

Results
The baseline characteristics of the study subjects are shown in 

table 1. The mean age of patients was 52.5±0.9 years with an average 
duration of diabetes of 7.9±0.5 years; 35% were male. The mean age of 
nondiabetic control was 38.9+1.5 years and 73% of them were male. 
The mean BMI was 33.4±0.5 kg·m−2 for the patients and 25.3±0.3 
kg·m−2 for controls. Patients had mean blood glucose levels of 223.5 ± 
6.8 mg/dL as compared to 97.6 ±2.2 mg/dL for controls (Table 1). 

A baseline level of active ghrelin was significantly lower among 
patients with diabetes than that of healthy controls (P<0.05) whereas 
total ghrelin was not different between the two groups (P=0.46). 
Similarly post-meal challenge levels of active ghrelin were significantly 
(p<0.05) lower in diabetic patients than in healthy controls (Figure 1). 

In patients taking sitagliptin, total ghrelin levels fell from 386±37 
pg/ml at baseline to 345±73 pg/ml (11% drop, p>0.05) whereas active 
ghrelin decreased significantly from 160±18 pg/ml at baseline to 85±12 

pg/ml (47% drop, p<0.05). Patients on metformin and metformin/
sitagliptin combination showed suppression of total ghrelin values 
from baseline by an average of 31% and 30% respectively (Table 
2). Similarly, the active ghrelin suppression in patients who took 
metformin and metformin/sitagliptin combination dropped by 
28% and 33% respectively from the mean baseline (Table 2). Active 
ghrelin was more significantly suppressed 2 hours after meal challenge 
in all patients taking drugs. Sitagliptin alone or in combination with 
metformin suppressed active serum ghrelin more significantly than 
metformin alone. Active to total ghrelin ratio further revealed more 
significant reduction of ghrelin by sitagliptin and/or its combination 
with metformin than that of metformin alone (Figure 2). Multivariate 
analysis done to examine the effects of age, BMI, gender, HbA1c and 
glucose in alerting ghrelin levels did not show any effect. 

Active ghrelin concentration correlated negatively with BMI in 
patients with diabetes but not in healthy control patients. 

Discussion
The study showed that active ghrelin was significantly suppressed 

in both pre and post-prandial periods in patients with diabetes 
irrespective of the medicine they took, be it sitagliptin, metformin, or 
their combination. Active ghrelin levels significantly dropped after one 
week of treatment. There were no differences in between medications 
but sitagliptin and it combination with metformin showed more drop 
in active ghrelin than the group who took metformin only. 

In a similar study by Huang et al. [17], pre-prandial ghrelin levels 
did not change whereas postprandial ghrelin significantly dropped after 
sitagliptin treatment in healthy non-diabetic subjects. In a similar study, 
Kiyici et al also showed suppression of active ghrelin by metformin 
and pioglitazone [18]. English et al also demonstrated significant and 

Control Subjects Diabetic Patients 
Number of Subjects 15 46
Age (years) 38.9±1.5 52.5±0.9a 
Duration of T2DM (years) NA 7.9±0.5 
BMI (kg/m2) 25.0±0.3 33.4±0.5a 
Glucose (mg/dL) 97.6±2.2 223.5±6.8a 
HbA1c (%) NA 9.6±0.1 
Positive family History of T2DM (%) 40% 78%a 
Gender 73% male 35% malea 

ap<0.05; diabetic patients versus corresponding values in control subjects. NA; 
data not available or not applicable

Table 1: Baseline characteristics of study subjects (means + SEM).

*Statistics is computed on weighted mean multiple comparison (ANOVA)
ap<0.05; postprandial versus fasting
bp<0.05; after medication versus corresponding value before medication
cp<0.05; medication versus sitagliptin alone

Table 2: Total and active ghrelin levels (pg/mL) before and after treatment 
(mean±SEM)*.

 Drug N Fasting Postprandial

Before 
Treatment

Total Ghrelin  NA 46 386±37 329±34a

Active 
Ghrelin  NA 46 160±18 132±19a

1 wk after 
treatment

Total Ghrelin
 Metformin 16 297±77b 267±71b

 Metformin+ Sitagliptin 15 352±67 269±79ab

 Sitagliptin 15 420±78 345±73ab

Active 
Ghrelin

 Metformin 15 148±43bc 115±32abc

 Metformin+Sitagliptin 15 177±45c 107±22abc

 Sitagliptin 14 113±23b 85±12ab
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prolonged postprandial suppression of ghrelin among patients taking 
metformin when compared to patients not taking metformin [15]. 
However, fasting ghrelin increased after metformin therapy in patients 
with polycystic ovary syndrome [14]. Contrary to our finding, Doogue 
et al found an increase in postprandial ghrelin level after patients were 
treated with metformin for 6 weeks.

After controlling for BMI, patients with diabetes were significantly 
different from those without diabetes in the levels of serum ghrelin. 
An inverse correlation was found between serum ghrelin and BMI for 
patients with diabetes, who were generally obese. This is in agreement 
with earlier studies reported by Tschop et al. [11] who showed that 
obese subjects have lower plasma concentrations of ghrelin than age-
matched lean control subjects. These may suggest that ghrelin is down 
regulated in human obesity as a consequence of elevated factors such as 
insulin or leptin levels perhaps representing a physiological adaptation 
to the positive energy balance associated with obesity. The result of 

this study was also in agreement with the fact that ghrelin levels rise in 
situations prior to meals, following food deprivation and in response 
to weight loss [9,19]. Rising fasting ghrelin or ghrelin administration 
stimulates feeding and lowers energy expenditure [7,11,14]. Ghrelin 
may function as an anabolic signal molecule during energy depletion 
and catabolic signal during energy excess through insulin synthesis and 
secretion. 

It should be noted that this study has limitations, which could bias 
our conclusions. The healthy non-diabetic subjects do not provide a 
perfect control to the diabetic patients in terms of the demographic 
characteristics such as age, gender and BMI. The diabetic patients were 
generally older, predominantly female and overweight. In addition the 
study is limited by the small number of patients and controls. 

In conclusion, diabetic patients on sitagliptin and metformin either 
alone or in combination lowered levels of serum ghrelin compared to 
non-diabetic controls. Active ghrelin was more responsive to meal 

*p<0.001

Figure 1: Alteration of serum ghrelin in response to meal challenge that contain 360 calories. Ghrelin was measured in fasting state and 2 hours after meal 
challenge. Total and active ghrelin levels were compared between diabetic patients and non-diabetic controls.

Figure 2: Alteration of serum ghrelin in response to different medications. Serum active:total percent ghrelin ratios were compared among patients with 
diabetes in different treatment groups. 
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challenges and anti-diabetic therapy. Suppression of serum ghrelin 
was found to be strongest after meal challenge. The result of this study 
warrants further investigation of the significance of ghrelin suppression 
in patients with diabetes.
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