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ABSTRACT 
Objectives: Ghrelin is an orexigenic peptide hormone. A great deal of evidence 
suggests that ghrelin is involved in the development of type ٢ diabetes mellitus (DM). 
The aim of this study was to investigate the effect of metformin on ghrelin serum 
level in type ٢ DM patients.  
Patients and methods: This case control study was carried out in Al-Wafaa medical 
center for diabetic and endocrine disorder patients in Mosul from October ٢٠١١ to 
March ٢٠١٢. In this study ٥٥ type ٢ diabetic patients and ٢٠ control healthy subjects 
was  participated. Those patients and subjects was divided into ٤ groups. Blood 
samples had been collected from all subjects and patients and body mass index (BMI) 
had been calculated for each patient. Fasting blood sugar (FBS) level and ghrelin 
serum level were estimated for each patient. 
Results: The study shows a non significant lower mean ghrelin serum level in control 
diabetic group in comparison to that of control healthy group. There is significant 
difference in ghrelin serum level between control diabetic patients group and diabetic 
patients' group using metformin ١٠٠٠ mg daily at P < ٠.٠٥. Ghrelin serum level has a 
negative correlation with ages more than ٣٠ years old and BMI in both healthy and 
diabetic individuals. 
Conclusion: Ghrelin serum level in diabetic patients is tends to be lower when 
compared with healthy subjects. Metformin increase ghrelin serum level in diabetic 
patients and this increment was related to the dose and duration.  
Keywords: Diabetes, Ghrelin, Metformin. 

 ::الخلاصةالخلاصة
  جѧѧريلينجѧѧريلينالال  هرمѧѧونهرمѧѧون  أنأن  إلѧѧىإلѧѧى  تشѧѧيرتشѧѧير  الأدلѧѧةالأدلѧѧة  مѧѧنمѧѧن  آبيѧѧرآبيѧѧر  قѧѧدرقѧѧدر  هنѧѧاكهنѧѧاك..الغѧѧريلين هѧѧو هرمѧѧون ببتيѧѧدي فѧѧاتح للشѧѧهية الغѧѧريلين هѧѧو هرمѧѧون ببتيѧѧدي فѧѧاتح للشѧѧهية : : الخلفيѧѧةالخلفيѧѧة

  الميتفѧورمين الميتفѧورمين   تѧأثير تѧأثير   دراسѧة دراسѧة   هѧو هѧو   الدراسةالدراسة  هذههذه  منمن  والهدفوالهدف. . مط الثانيمط الثانيالنالن  منمن  السكريالسكري  البولالبول  مرضمرض  تطويرتطوير  فيفي  شاركشاركيي
 ..من النمط الثانيمن النمط الثانيلدى مرضى السكري لدى مرضى السكري   المصلالمصل  فيفي  جريلينجريلينالال  هرمونهرمون  مستوىمستوى  علىعلى
  فѧي فѧي   الصѧم الصѧم   الغѧدد الغѧدد     أمراضأمراضوو  السكريالسكري  لمرضىلمرضى  الطبيالطبي  مرآز الوفاءمرآز الوفاء  فيفي  الدراسةالدراسة  هذههذه  أجريتأجريت  ::وطرق العملوطرق العمل  لمرضىلمرضىاا

  مط الثѧاني مط الثѧاني الѧن الѧن   مѧن مѧن   سѧكري سѧكري مѧريض  مѧريض    5555  الدراسѧة الدراسѧة   هѧذه هѧذه   فيفي  شاركشارك. . 20122012  آذارآذار  إلىإلى  20112011  تشرين الأولتشرين الأول  منمن  الموصلالموصل
  مѧن مѧن   الѧدم الѧدم   عينѧات عينѧات   سѧحب سѧحب   تѧم  تѧم  . . مجموعѧات مجموعѧات   أربعѧة أربعѧة   إلѧى إلѧى   شѧخاص شѧخاص والأوالأ  المرضѧى المرضѧى   هѧؤلاء هѧؤلاء   تقسѧيم تقسѧيم   تمتم  وقدوقد. . شخص سليمشخص سليم2020وو

  هرمѧون هرمѧون   ومسѧتوى ومسѧتوى     الصѧيام الصѧيام   الѧدم الѧدم   فѧي فѧي   السѧكر السѧكر   نسѧبة نسѧبة   تѧم قيѧاس  تѧم قيѧاس  وو  مريضمريض  لكللكل  الجسمالجسم  آتلةآتلة  مؤشرمؤشرثم تم حساب ثم تم حساب   المرضىالمرضى
 ..مريضمريض  لكللكل  الدمالدم  مصلمصل  فيفي  جريلينجريلينالال
  الضѧابطة الضѧابطة   السѧكري السѧكري   مرضىمرضى  مجموعةمجموعة  فيفي  الدمالدم  مصلمصل  فيفي  جريلينجريلينالال  هرمونهرمون  مستوىمستوى  انخفاضانخفاض  الدراسةالدراسة  تظهرتظهر  ::لنتائجلنتائجاا

  هرمѧѧونهرمѧѧون  مسѧѧتوىمسѧѧتوى  فѧѧيفѧѧي  آبيѧѧرآبيѧѧر  معنѧѧويمعنѧѧوي  اخѧѧتلافاخѧѧتلاف  هنѧѧاكهنѧѧاك. . الأصѧѧحاءالأصѧѧحاء  الأشѧѧخاصالأشѧѧخاص  مѧѧنمѧѧن  السѧѧيطرةالسѧѧيطرة  مجموعѧѧةمجموعѧѧة  مѧѧعمѧѧع  بالمقارنѧѧةبالمقارنѧѧة
  ميتفѧورمين ميتفѧورمين الال  يستخدمونيستخدمونمن الذين من الذين     السكريالسكري  مرضىمرضى  مجموعةمجموعةو و   الضابطةالضابطة  مرضى السكريمرضى السكري  مجموعةمجموعة  بينبين  جريلينجريلينالال

  أآثѧر أآثѧر   الأشخاص ذوي الأعمѧار الأشخاص ذوي الأعمѧار   لعمرلدىلعمرلدىاا  معمع  سلبيةسلبية  علاقةعلاقة  لهله  جريلينجريلينان هرمون الان هرمون ال  ).).<٠.٠٥((  فيفي  يوميايوميا  ملغملغ  10001000
 ..  السكريالسكري  ومرضىومرضى  الأصحاءالأصحاء  الأفرادالأفراد  منمن  آلآل  فيفي  مع مؤشر آتلة الجسممع مؤشر آتلة الجسم" " أيضاأيضا  سلبيةسلبية  علاقةعلاقة  وو  سنةسنة  3030  منمن

  الاشѧخاص الاشѧخاص   مѧع مѧع   بالمقارنѧة بالمقارنѧة   أقѧل أقѧل   يكѧون يكѧون   أنأن  إلѧى إلѧى   يميѧل يميѧل   السѧكري السѧكري   مرضѧى مرضѧى   لѧدى لѧدى   المصѧل المصѧل   فѧي فѧي   مستوى الغѧريلين مستوى الغѧريلين   ::الخلاصةالخلاصة
مسѧتوى  مسѧتوى  ان هѧذا الارتفѧاع فѧي    ان هѧذا الارتفѧاع فѧي      وو  السѧكري السѧكري   مرضѧى مرضѧى   فѧي فѧي   جѧريلين جѧريلين الال  هرمѧون هرمѧون فѧي  فѧي    زيѧادة زيѧادة   يسѧبب يسѧبب   الميتفѧورمين الميتفѧورمين . . الاصحاءالاصحاء

 . . و مدة تعاطيهو مدة تعاطيه  الميتفورمينالميتفورمين  جرعةجرعة  زيادةزيادةيزداد مع يزداد مع جريلين جريلين الال
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iabetes mellitus is a group of 
diseases characterized by an 

elevated blood glucose level 
(hyperglycaemia) resulting from 
defects in insulin secretion, in insulin 
action, or both. Diabetes mellitus is not 
a pathogenic entity but a group of 
etiologically different metabolic 
defects١.Type ٢ diabetes mellitus is the 
most common form of diabetes and is 
characterized by disorders of insulin 
action and insulin secretion, either of 
which may be the predominant feature. 
Both are usually present at the time 
that this form of diabetes is clinically 
manifesting٢.  Most patients with this 
form of diabetes are obese, and obesity 
itself causes some degree of insulin 
resistance٣. 
 Metformin is now established 
as a first-line antidiabetic therapy for 
the management of type ٢ diabetes٤. 
Metformin mechanism of actions 
includes decreased glucose production 
in the liver, enhanced insulin-
stimulated glucose utilization in 
peripheral tissues (improved insulin 
sensitivity), particularly skeletal 
muscle, reduction of intestinal glucose 
absorption and apparently, increased 
insulin-stimulated glycogen synthesis 
(or reduced glycogenolysis). At the 
cellular level metformin facilitates 
glucose transport across membranes; 
apparently by stimulating glucose 
transporter activity٥.Metformin may 
have special benefits in overweight 
patients with type ٢ diabetes. Unlike 
sulfonylureas, insulin, and 
thiazolidinediones, metformin does not 
affect body mass index (BMI) or 
decreases body weight in obese 
patients with and without diabetes ٧ ,٦. 
 The peptide hormone ghrelin 
consisting of ٢٨ amino acids including 
an O-n- octanoylated Ser ٣ residue 
(acylated ghrelin) which has been 
identified as an endogenous ligand for 
the growth hormone secretagogue 
receptor (GHSR) ٨. This O-n-
octanoylated Ser ٣ residue is essential 

for ligand–receptor interaction. 
GHSR١a is the only receptor specific 
for acylated ghrelin that has been 
identified٩. Although ghrelin is 
synthesized in many tissues, including 
stomach, pancreas, cardiovascular 
tissue, hypothalamus, pituitary, kidney, 
and placenta ١١,١٢,١٣,١٤ ,١٠, the main 
source of plasma ghrelin is X/A-like 
cells localized in the oxyntic gland in 
the mucosa of the gastric fundus ١٥,١٦. 
Circulating ghrelin concentration has 
been shown to increase from early 
adulthood to middle age in humans ١٧ 
and subsequently to decrease in old age 
١٨. 
 In addition to its GH-
stimulating action, many physiological 
functions of ghrelin have been revealed 
during the last decade, including the 
regulation of food intake, energy 
metabolism, gastrointestinal 
coordination, cell proliferation, 
apoptosis, cardiovascular function, and 
secretion of insulin and gut 
hormones٩,١٩,٢٠,٢١. 
 The aim of this study is to 
investigate the effect of metformin on 
ghrelin serum level in type ٢ DM. 
 
Patients and method:  
 The study was carried out in 
Al-Wafaa medical center for diabetic 
and endocrine disorder patients in 
Mosul from October ٢٠١١ to March 
٢٠١٢. In this study ٥٥ type ٢ diabetes 
mellitus patients and ٢٠ control healthy 
subjects had been participated. Those 
patients and subjects had been divided 
into ٤ groups: 
١. Control healthy group: This group 
includes ٢٠ healthy subjects (١٠ males 
and ١٠ females) who don’t have any 
disease and do not take any 
medication. Those subjects are chosen 
from the medical staff of Al-Wafaa 
medical center for diabetic and 
endocrine disorders and college of 
dentistry and matched with other 
groups their ages ranges between ٢٠ 
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and ٦٥ years old with mean age of 
١٢.٣٣ ± ٣٩.٦٥ years.  
٢. Control diabetic patients group: 
This group was containing ١٥ type ٢ 
DM(٨ males and ٧ females matched 
with other groups) who were newly 
diagnosed (from one to ٤ months) and 
they were not taking any medication 
yet and they were not suffering from 
any other diseases in addition to type ٢ 
DM. 
٣. Metformin ٥٠٠ mg group: This 

group includes ٢٠ type ٢ DM who 
were administered only ٥٠٠mg of 
metformin daily in different 
durations. 

٤. Metformin ١٠٠٠ mg group: This 
group includes ٢٠ type ٢ DM who 
were administered only ١٠٠٠mg of 
metformin daily in different 
durations. 

 
Inclusion Criteria: 
 Type ٢ diabetic patients who 
treated with metformin or newly 
diagnosed diabetic patients who didn’t 
take any hypoglycemic medication yet. 
 
Exclusion Criteria: 
١. Patients with type ١ diabetes 
mellitus. 
٢. Patients taking insulin or oral 

hypoglycemic drugs other than   
glibenclamide, metformin. 

٣. Patients with renal or hepatic 
diseases. 
٤. Patients with myocardial infarction, 

angina, heart failure or high 
uncontrolled hypertension. 

٥. Pregnant and lactating women. 
 Blood samples had been 
collected from all subjects participated 
in this study in fasting condition and 
allowed to clot at room temperature 

and then serum was separated by 
centrifugation for ١٠ minutes at ٣٥٠٠ 
rpm and the serum was divided into ٢ 
parts of ٠.٧٥ ml each, placed in a 
sterile eppendroff tubes of ١.٥ ml size 
and stored at (-٢٠ ºC) in a deep freeze 
until the time of analysis٢٢. BMI had 
been calculated for each patient 
according to the equation٢٣:  BMI = 
weight (kg)/height (m٢) and then the 
patients were classified into ٤ groups: 

Table ١: NIH/NHLBI classification 
of BMI٢٣ 
 
BMI Weight category 
Less than ١٨.٥٠ Underweight 
٢٤.٩٠ – ١٨.٥٠ Normal weight 
٢٩.٩٠ – ٢٥ Overweight 
٣٠ and above Obese 
  
Fasting blood glucose was estimated 
by enzymatic method٢٤and also ghrelin 
serum level was estimated for each 
patient by enzyme linked 
immunosorbent assay using a 
technique called a quantitative 
sandwich immunoassay٢٥. 
 Statistical analyses of data were 
conducted using SPSS ١٧ for windows 
software. A p-value of ≤ ٠.٠٥ was 
considered statistically significant. 
One-way ANOVA and Duncan's test 
were used to analyze the difference 
between the tested groups and also to 
analyze the difference within groups 
after dividing them into subgroups 
according to the dose and the duration 
of the treatment with metformin. 
Pearson correlations were used to 
evaluate correlations between 
parametric variables٢٦. 
 

 
Results:  
Table ٢ shows the demographic 
characteristic of subjects enrolled in 
this study. 
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Table ٢: Demographic characteristic of subjects enrolled in this study 
 

Parameters Control 
healthy 

n=٢٠ 

Control diabetic 
patients 

n=١٥ 

Metformin  
٥٠٠ mg 
n=٢٠ 

Metformin 
١٠٠٠ mg 

n=٢٠ 
n % n % n % n % 

sex Male ٥٠      ١٠% ١٢ %٣٠      ١٤      ٤٥       ٩ %٦٠% 
Female ٥٠      ١٠% ٨ %٧٠       ٦       ٥٥      ١١ %٤٠% 

Age years ٨.٣٣ ± ٤٨.٩٥ ٨.٠٨ ± ٤٥.٩٠ ١١.٨٤± ٤٤.٤٠ ٩.٨٦ ± ٤٤.٦٥ 
BMI kg/m٤.٣٠ ± ٣٢.٨٠ ٣.٥٠ ± ٣٠.٩٠ ٥.٥٠ ± ٣٠.٨٠ ٢.٣٧ ± ٣٠.٣٤ ٢ 

* Age and BMI were presented as mean ± SD. 

 

Table ٣: Comparison among parameters in all tested groups: 

Parameters  Control 
healthy 

n=٢٠ 

Control 
diabetic 
patients 

n=١٥ 

Metformin 
٥٠٠ mg 
n=٢٠ 

Metformin 
١٠٠٠ mg 

n=٢٠ 

p-value

FBS mg/dl ٦ ± ٩٦ 
A 

٧٧ ± ٢٠٠ 
B 

٧٦± ١٨٣ 
B 

٥٩ ± ١٨٣ 
B 

٠.٠٠ 

Ghrelin 
serum level 

ng/ml 

٥.٢٥ ± ١٣.٠٨ 
AB 

٢.٢٢ ± ٨.٧٤ 
A 

٨.٨٠ ± ١٣.٦٣ 
AB 

١٢.٨١ ± ١٧.٦٠ 
B 

٠.٢٠٧ 

BMI kg/m٢.٣٧ ± ٣٠.٣٤ ٢ 
A 

٥.٥٠ ± ٣٠.٨٠ 
A 

٣.٥٠ ± ٣٠.٩١ 
A 

٤.٢٨ ± ٣٢.٨٠ 
A 

٠.٢٢٦ 

Age years ٩.٨٦ ± ٤٤.٦٥ 
A 

١١.٨٤± ٤٤.٤٠ 
A 

٨.٠٨ ± ٤٥.٩٠ 
A 

٨.٣٣ ± ٤٨.٩٥ 
A 

٠.٤٣٤ 

 
*Different letters horizontally means significant difference at P < ٠.٠٥ between    

tested groups by Duncan's test.                  
 * FBS= Fasting blood sugar.                                                                                          
* Age, BMI and ghrelin serum level were presented as mean ± SD. 

 Table ٣ shows significant lower 
level in FBS in control healthy group 
when compared with the other three 
diabetic patients groups with or 
without metformin therapy at P < ٠.٠٥.  

 Ghrelin serum level in control 
diabetic patients is lower when 
compared to that of control healthy 
group while it is higher in diabetic 

patients' group using metformin ٥٠٠ 
mg daily when compare with control 
diabetic patients group but there is no 
significant difference. There is 
significant difference in ghrelin serum 
level between control diabetic patients 
group and diabetic patients' group 
using metformin ١٠٠٠ mg daily at P < 
٠.٠٥.(Table ٣)  
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Discussion: 

Ghrelin stimulates insulin release in 
the presence of high levels of glucose 
(٨.٣mM) that could independently 
cause insulin release and increase 
insulin sensitivity ١٤. In contrast, 
ghrelin had no effect on insulin release 
in the context of a basal level of 
glucose (٢.٨ mM). On the other hand, 
ghrelin reduces insulin secretion and 
induces hyperglycaemia in humans in 
the presence of low levels of glucose 
٢٧. Administeration of ghrelin 
intravenously at low concentrations 
was shown to decrease glucose 
induced insulin secretion of isolated 
pancreatic islets in vitro, while 
supraphysiological ghrelin 
concentrations had an opposite effect 
on insulin secretion٢٨. 
 According to this ghrelin is 
important to achieve a good glycemic 
control in both hypo and hyper 
glycemia. In this study ghrelin serum 
level in diabetic patients is tends to be 
lower (٢.٢٢ ± ٨.٧٤ ng/ml) when 
compared with healthy subjects (١٣.٠٨ 
± ٥.٢٥ ng/ml). Also low ghrelin serum 
level is usually associated with insulin 
resistance٢٩. Leena et al. (٢٠١٠)٣٠ 
indicated that circulating ghrelin 
concentrations are reduced in healthy 
offspring of type ٢ diabetic patients 
indicating the presence of possible 
genetic component in the regulation of 
ghrelin plasma levels. Pöykkö et al. 
(٢٠٠٣)٣١ showed that fasting plasma 
concentrations of total ghrelin were 
lower among subjects with type ٢ 
diabetes compared to those without the 
disease. The difference remained 
significant even when age, sex and 
BMI were taken into account in 
multivariable models. . In addition, 
Adelino and Joa˜o-Bruno, (٢٠٠٧)٣٢ 
indicated that low ghrelin levels are 
associated with insulin resistance, 
hypertension and the prevalence of 
type ٢ diabetes; polymorphisms of the 
ghrelin gene are associated with the 

risk of diabetes because ghrelin 
promotes regeneration of β-cells 
preventing the development of diabetes 
in disease-prone animals after β-cell 
destruction. Furthermore, ghrelin is 
shown to prevent cell death and 
apoptosis of HIT-T١٥ pancreatic β-cell 
line ٣٣. This low ghrelin serum level 
could be one of the pathophysiological 
reasons of DM. 
 Patients using metformin ٥٠٠ 
mg daily in this study have higher 
ghrelin serum level (٨.٨٠ ± ١٣.٦٣ 
ng/ml) when compared with diabetic 
patients group who did not take any 
medication yet (٢.٢٢ ± ٨.٧٤ ng/ml) but 
there is no significant difference while 
there is significant difference in ghrelin 
serum level between patients using 
metformin ١٠٠٠ mg daily (١٧.٦٠ ± 
١٢.٨١) and diabetic patients group who 
did not take any medication yet (٨.٧٤ ± 
٢.٢٢ ng/ml) as appeared in table ٣. 
According to this; elevation of ghrelin 
level could be one of the mechanisms 
by which metformin increase insulin 
sensitivity and produce a better 
glycemic control. 

 Ghrelin serum level tend to be 
higher in the patients using metformin 
in the ٢nd six months (٧.٦٦ ± ١٧.٣٧) 
group and in patients using metformin 
for more than one year (٩.٧٦ ± ١٧.٠١)  
when compared with ghrelin serum 
level in the patients using metformin in 
the ١st six months (٦.٢٨ ± ١٢.٦٨) as 
appeared in table ٣. So, ghrelin serum 
level elevating action of metformin 
increased with time in the ١st year of 
treatment. Bray et al (٢٠١٢)٣٤ 
mentioned that metformin induced 
weight loss caused by anorexia is 
usually happened in the ١st ٣ months of 
treatment while Generali and Cada 
(٢٠٠٢)٣٥ mentioned that it is usually 
happened in the ١st ٦ months of 
treatment. As appeared in table ٤ 
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ghrelin serum level tend to be lower in 
the ١st ٦ months group than the other ٢ 
groups which could explain the reason 
behind the less appetite and weight loss 
that accompanied metformin usage 
even though it is still higher than that 
of control disease group so, how 
metformin can cause weight loss while 
it increases the hunger hormone 
(ghrelin). English et al (٢٠٠٧)٣٦ 
mentioned that metformin therapy was 
found to prolong the postprandial fall 
in total plasma ghrelin levels, and thus 
had concomitant effects on appetite in 
type ٢ DM and decreasing the number 
of meals during the day contributing to 
its actions in promoting weight loss 
and attenuating weight gain in these 
patients.  
 Figure ١ shows a negative 
correlation between ghrelin serum 
level and age in healthy subjects with 
ages more than ٣٠ years old and this is 
mentioned in Kozakowski J et al 
(٢٠٠٨)٣٧.So, ghrelin tend to decreased 
with age, therefore; elderly subjects 
usually have lower ghrelin serum level 
when compared with young age 
subjects which could explain why type 
٢ DM usually appear in older 
individuals ٢.  
 Figure ٢ shows negative 
correlation between ghrelin serum 
level and BMI in healthy subjects so, 
obese subjects have lower ghrelin 
serum level than in normal subjects ٣٨ 
and this could explain the reason 
behind insulin resistance in obese 
patients with type ٢ DM ٣.  
Conclusion: 

 Ghrelin is important to achieve 
a good glycemic control in both hypo 
and hyper glycemia. Ghrelin serum 
level in diabetic patients is tends to be 
lower when compared with healthy 
subjects. Metformin increase ghrelin 
serum level in diabetic patients and this 
could be one of the mechanisms by 
which metformin increase insulin 
sensitivity and produce a better 

glycemic control. Elevation of ghrelin 
serum level in diabetic patients by 
metformin increased with dose and 
also increased with duration.  Higher 
age and BMI negatively affect ghrelin 
serum level which in turn could 
explain the higher prevalence of DM in 
older subjects with higher BMI.  
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