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  Abstract 

 

Ghrelin is an acylated 28-amino-acid peptide plays role in glucose homeostasis, although the molecular basis of 

this relationship is not fully known yet. This study aimed to compare serum ghrelin between diabetes and no 

diabetes population and to determine relation between ghrelin with glucose in diabetes patient. For these 

purpose, fasting serum ghrelin, insulin, glucose and insulin sensitivity were measured in twelve adult obese men 

with or without type II diabetes. Independent student t test was used for between groups comparison. Pearson 

correlations were used to establish the relationship between serum ghrelin with glucose and insulin sensitivity in 

diabetic patients. A p-value less than 0.05 were considered statistically significant. No significant differences 

were observed in anthropometrical markers between two groups (p ≥ 0.05). Serum ghrelin was not difference 

between two groups (p = 0.385). Fasting glucose was significant higher (p < 0.001) and insulin sensitivity was 

significant lower (p < 0.001) in diabetes subjects. Positive correlation was observed between serum ghrelin and 

glucose concentration in studied patients (p = 0.006, r = 0.74). Based on these data, we conclude that diabetes 

phenomena can not affect serum ghrelin in obese individuals. 
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Introduction 

In 1980 World Health Organization reported obesity 

as the most important risk factor for diabetes 

(Fauntuzi et al., 1999). Type-2 diabetes is the most 

common type of diabetes that occurs in more than 

90% of diabetic patients (Boyle et al., 2001). The 

prevalence of obesity and its related diseases has been 

the subject of numerous studies on factors affecting 

energy balance and weight control. Recent research 

evidence supports the existence of some peptide 

hormones of different physiological and 

pathophysiological characteristics that affect appetite 

and satiety in animals and humans (Kevin et al., 

2006). Among them is ghrelin, a 28-aminoacid 

hormone secreted by the stomach and pancreas that 

is effective in hunger and the long term regulation of 

and body weight. Plasma ghrelin levels increase 

shortly before meals and decrease immediately after 

satiety (Date et al., 2000). Research studies have 

state that long-term use of ghrelin increases body 

weight and adiposity in rats (Guo et al., 2007). 

Also changes in ghrelin levels can affect the degree of 

insulin resistance (Vincent et al., 2008). 

 

Measuring ghrelin levels in patients with Type 2 

diabetes seems to provide important information 

about the role of this peptide hormone in the 

pathophysiology of the disease. In this context, recent 

studies suggest that ghrelin levels increase in diabetic 

patients (Vancea et al., 2009). Studies suggest that 

obesity affects the regulation of ghrelin secretion in 

diabetic patients. In contrast to these findings, a 

recent study showed that long-term increase in blood 

sugar, or hyperglycemia would reduce ghrelin 

secretion (Ariga et al., 2008).  

 

Some literature also suggests that changes in ghrelin 

levels are effective in quantifying insulin resistance 

(Vincent et al., 2008). Decreased insulin resistance, 

subsequent to decrease in ghrelin levels in diabetic 

patients, has been observed in some studies (Katsuki 

et al., 2004). However, in another study no reciprocal 

relationship was observed between serum ghrelin 

levels and energy metabolism regulation in diabetic 

patients (Reinehr et al., 2005). Since most patients 

with type-2 diabetes are categorized as obese, it is not 

clear whether the increase in ghrelin levels in these 

patients compared to non-diabetic individuals is due 

to the presence of obesity in these people or that this 

disease directly affects the release of ghrelin or blood 

ghrelin levels. Hence, this study aims to compare 

blood ghrelin levels in diabetic and non-diabetic 

obese subjects. 

 

Research methods and procedures  

subjects 

Twelve non-trained adult obese men with or without 

type 2 diabetes matched for age (40 ± 4.3) and weight 

(95.6 ± 6.4) were participated in the study. All 

subjects had a body mass index (BMI) greater than 30 

kg/m2. Participants were included if they had not 

been involved in regular physical activity/diet in the 

previous 6 months. Participants were non-smokers 

and non-alcoholics. The exclusion criteria were 

infections, renal diseases, hepatic disorders, use of 

alcohol, having history of known hyperlipidemia, 

coronary artery disease peripheral artery disease. 

Those that were unable to avoid taking drugs for 12 

hours before blood sampling were also barred from 

participating in the study. Each participant received 

written and verbal explanations about the nature of 

the study before signing an informed consent form. 

 

Anthropometry 

After introduction and awareness of the subjects of 

the objectives of the study and once they had 

completed consent forms, the process of test 

implementation began. Height was measured without 

shoes on standing while the shoulders were tangent 

with the wall. Body weight was measured in duplicate 

in the morning following a 12-h fast. Obesity was 

measured by body mass index (BMI). Body mass 

index was calculated as body mass (in kilograms) 

divided by height squared (in square meters). 

Abdominal circumference and hip circumference 

were measured in the most condensed part using a 

non-elastic cloth meter. 

 

Laboratory measurements 

All blood samples were taken following an overnight  
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12-hour fast. Fasting serum ghrelin, insulin and 

insulin were measured and insulin sensitivity was 

determined using the homeostasis model assessment 

insulin sensitivity index (HOMA-IS) (Katz et al., 

2000). Insulin was determined by ELISA method 

(Demeditec, Germany). Glucose was determined by 

the oxidase method (Pars Azmoon kit, Tehran). 

Samples were centrifuged immediately for 10 minutes 

with 3500 rpm in +4°C in order to measure serum 

ghrelin levels. The intra-assay and inter-assay 

coefficient of variation of ghrelin (Biovendor, Austria) 

were 8.10% and 8.3% respectively.  

 

Statistical methods 

Statistic analysis was done with SPSS 16.0 for 

Windows. Normal distribution of data was analyzed 

by the Kolmogorov-Smirnov normality test. 

Independent student t test was used for between 

groups comparison. Pearson correlations were used 

to establish the relationship between serum ghrelin 

with glucose and insulin sensitivity in diabetic 

patients. A p-value less than 0.05 were considered 

statistically significant. 

 

Results 

Table 1 presents the circulating ghrelin and 

anthropometrical characteristics in diabetes and non-

diabetes group. Results are reported as group mean, 

standard deviation and standard error mean. There 

were no differences in all anthropometrical markers 

between two groups (p ≥ 0.05). We also did not 

observe significant change in serum ghrelin between 

two groups (p = 0.385, Fig 1). Fasting glucose was 

significant higher (p < 0.001) and insulin sensitivity 

was significant lower (p < 0.001) in diabetes subjects 

than non-diabetes individuals. A strong positive 

correlation was observed between serum ghrelin and 

glucose concentration in studied patients (p = 0.006, 

r = 0.74, Fig 2). 

 

Table 1. Mean, standard deviation and standard error of ghrelin and anthropometrical markers in diabetes and 

non-diabetes subjects. 

 

Discussion 

The main finding of this study is the absence of a 

significant difference in ghrelin levels between 

diabetic and non-diabetic subjects. In fact, since in 

this study, both diabetic and non-diabetic groups 

were categorized as obese, the findings suggest that 

the presence of diabetes in these patients does not 

affect the blood ghrelin secretion or levels but that 

compared with healthy individuals, increased levels of 

ghrelin in these patients are a function of overweight  

and obesity. 

Fig. 1. Serum Ghrelin and Glucose levels in diabetes  

and non- diabetes subjects. 

 

Ghrelin, leptin and adiponectin are three hormones  
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that are alternately related to metabolism, obesity and 

appetite (Tigno et al., 2003).Ghrelin peptide 

hormone is a 28-aminoacid neuropeptide mainly 

secreted by the stomach (Tong et al., 2010) 

stimulating growth hormone secretagogue receptors 

(Yada et al., 2008). This hormone is one of the 

circulating peptides that stimulates appetite and 

regulates energy balance which is also identified as 

one of the candidates for obesity and type-2 diabetes 

(Pulkkinen et al., 2010). Type-2 diabetes is the most 

common endocrine disorder in the world. Increased 

blood glucose and carbohydrate metabolism disorder 

are the main features of this disease (Kahn, 

2000). Extensive studies point out that ghrelin plays 

a role in the development of metabolic syndrome and 

Type-2 diabetes. (Ukkola et al., 2009). There are 

conflicting findings about the extent of blood ghrelin 

levels in healthy subjects or patients and normal-

weight or obese individuals (Ariyasu et al., 2002; 

Nakazato et al., 2001; Hansen et al., 2000). 

Fig. 2. Correlation between serum ghrelin and 

glucose concentration in diabetes subjects.  

 

The present study showed that the serum ghrelin 

levels in diabetic patients are higher than their non-

diabetic counterparts, but the difference is 

statistically insignificant. However, some studies have 

revealed that blood ghrelin levels increase in diabetic 

patients (Lazar, 2006). The findings of a recent study 

showed that serum ghrelin levels in diabetic patients 

are significantly higher than in healthy individuals 

(Ariga et al., 2008). On the other hand, some studies 

on diabetics also suggest that ghrelin levels are 

similar in lean and obese Type-2 diabetic patients 

(Barazzoni et al., 2007). Confirming this study, the 

findings of another study suggest similar levels of 

ghrelin levels in obese diabetic and non-diabetic 

individuals (Erdmann et al., 2005). 

Based on what was observed in the present study and 

according to the findings of other studies that report 

no significant difference in serum ghrelin levels in 

obese diabetics and non-diabetics it can be concluded 

that it is the phenomenon of obesity in these patients 

that affects blood ghrelin levels and the presence of 

diabetes in these patients is a secondary factor terms 

of the effect on ghrelin. However, since many 

previous studies emphasize the mutual association of 

ghrelin with insulin resistance or glucose levels in 

these patients, it seems that apart from effecting 

directly, blood ghrelin levels in these patients 

indirectly affect blood glucose and insulin secretion 

by affecting other hormonal mediators. 

 

References 

Ariga H, Imai K, Chen C, Mantyh C, Pappas 

TN, Takahashi T. 2008. Does ghrelin explain 

accelerated gastric emptying in the early stages of 

diabetes mellitus? American journal of physiology. 

Regulatory, integrative and comparative physiology 

294(6), 1807-12. 

http://dx.doi.org/10.1152/ajpregu.00785.2007 

 

Ariyasu H, Takaya K, Hosoda H. 2002. Delayed 

short-term secretory regulation of ghrelin in obese 

animals: evidenced by a specific RIA for the active 

form of ghrelin. Endocrinology 143, 3341-50. 

http://dx.doi.org/10.1210/en.2002-220225 

 

Barazzoni R, Zanetti M, Ferreira C, Vinci P, 

Pirulli A, Mucci M, Dore F. 2007. Relationships 

between desacylated and acylated ghrelin and insulin 

sensitivity in the metabolic syndrome. Journal of 

Clinical Endocrinology & Metabolism 92(10), 3935-

40. 

http://dx.doi.org/10.1210/jc.2006-2527 

 

Boyle JP, Honeycutt AA, Narayan KM, 

Hoerger TJ, Geiss LS, Chen H. 2001. Projection 

of diabetes burden through 2050. Diabetes Care 

24(11), 1936. 

http://dx.doi.org/10.2337/diacare.24.11.1936 

 

Date Y, Kojima M, Hosoda H. 2000. Ghrelin, a  

http://dx.doi.org/10.1152/ajpregu.00785.2007
http://dx.doi.org/10.1210/en.2002-220225
http://dx.doi.org/10.1210/jc.2006-2527
http://dx.doi.org/10.2337/diacare.24.11.1936


 

326 Mohsen et al. 

 

Int. J. Biosci. 2014 

novel growth hormone- releasing alcylated peptide is 

synthesized in a distinct endocrine cell type in the 

gastrointestinal tracts of rats and humans. 

Endocrinology 141, 4255–4261. 

http://dx.doi.org/10.1210/endo.141.11.7757http://dx.

doi.org/10.1210/en.141.11.4255 

 

Erdmann J, Lippl F, Wagenpfeil S, 

Schusdziarra V. 2005. Differential association of 

basal and postprandial plasma ghrelin with leptin, 

insulin, and type 2 diabetes. Diabetes 54(5), 1371-8. 

http://dx.doi.org/10.2337/diabetes.54.5.1371 

 

Fauntuzi Kopelman PG. 1999. Obesity Type 2 

diabetes Prediction and Prevention, New York: Wiley 

11, 3-17. 

 

Guo ZF, Zheng X, Qin YW, Hu JQ, Chen SP, 

Zhang Z. 2007. Circulating preprandial ghrelin to 

obestatin ratio is increased in human obesity. Journal 

of Clinical Endocrinology & Metabolism 92, 1875–

1880. 

http://dx.doi.org/10.1210/jc.2006-2306 

 

Hansen TK, Dall R, Hosoda H, Kojima M, 

Kangawa K, Christiansen JS. 2002. Weight loss 

increasescirculating levels of ghrelin in human 

obesity. Clinical endocrinology (Oxford) 56, 203-6. 

http://dx.doi.org/10.1046/j.0300-0664.2001.01456.x 

 

Kahn CR. 2000. Triglycerides and toggling the 

tummy. Nature Genetics 25, 6–7. 

http://dx.doi.org/10.1038/75610 

 

Katsuki A, Urakawa H, Gabazza EC, 

Murashima S, Nakatani K, Togashi K. 2004. 

Circulating levels of active ghrelin is associated with 

abdominal adiposity, hyperinsulinemia and insulin 

resistance in patients with type 2 diabetes mellitus. 

European Journal of Endocrinology 151(5), 573-7. 

http://dx.doi.org/10.1530/eje.0.1510573 

 

Katz A, Nambi SS, Mather K, Baron AD, 

Follmann DA, Sullivan G, Quon MJ. 2000. 

Quantitative insulin sensitivity check index: a simple, 

accurate method for assessing insulin sensitivity in 

humans. Journal of Clinical Endocrinology & 

Metabolism 85(7), 2402-10. 

http://dx.doi.org/10.1210/jcem.85.7.6661http://dx.d

oi.org/10.1210/jc.85.7.2402 

 

Kevin G, Waljit S,  Stephen R. 2006. Gut 

Peptides in the Regulation of Food Intake and Energy 

Homeostasis. Endocrine Reviews 27(7), 719-727. 

http://dx.doi.org/10.1210/er.2006-0028 

 

Lazar MA. 2006. The humoral side of insulin 

resistance. Nature Medicine 12, 43– 44. 

http://dx.doi.org/10.1038/nm0106-43 

 

Nakazato M, Murakami N, Date Y, Kojima M, 

Matsuo H, Kangawa K. 2001. A role for ghrelin in 

the central Regulation of feeding. Nature 409, 194 -8. 

http://dx.doi.org/10.1038/35051587 

 

Pulkkinen L, Ukkola O, Kolehmainen M, 

Uusitupa M. 2010. Ghrelin in Diabetes and 

Metabolic Syndrome. International Journal of 

Peptides 3, 1-11. 

http://dx.doi.org/10.1155/2010/248948 

 

Reinehr T, Roth CL, Alexy U, Kersting M, 

Kiess W, Andler W. 2005. Ghrelin levels before 

and after reduction of overweight due to a low-fat 

high-carbohydrate diet in obese children and 

adolescents. International Journal of Obesity 

(London) 29(4), 362-8. 

http://dx.doi.org/10.1038/sj.ijo.0802913 

 

Tigno XT, Selaru IK, Angeloni SV, Hansen BC. 

2003. Is microvascular flow rate related to ghrelin, 

leptin and adiponectin levels? Clinical Hemorheology 

and Microcirculation 29(3-4), 409-16. 

 

Tong J, Prigeon RL, Davis HW, Bidlingmaier 

M, Kahn SE, Cummings DE. 2010. Ghrelin 

suppresses glucose-stimulated insulin secretion and 

deteriorates glucose tolerance in healthy humans. 

Diabetes 59(9), 2145-51. 

http://dx.doi.org/10.2337/db10-0504 

http://dx.doi.org/10.1210/endo.141.11.7757
http://dx.doi.org/10.1210/endo.141.11.7757
http://dx.doi.org/10.2337/diabetes.54.5.1371
http://dx.doi.org/10.1210/jc.2006-2306
http://dx.doi.org/10.1046/j.0300-0664.2001.01456.x
http://dx.doi.org/10.1038/75610
http://dx.doi.org/10.1530/eje.0.1510573
http://dx.doi.org/10.1210/jcem.85.7.6661
http://dx.doi.org/10.1210/jcem.85.7.6661
http://dx.doi.org/10.1210/er.2006-0028
http://dx.doi.org/10.1038/nm0106-43
http://dx.doi.org/10.1038/35051587
http://dx.doi.org/10.1155/2010/248948
http://dx.doi.org/10.1038/sj.ijo.0802913
http://dx.doi.org/10.2337/db10-0504


 

327 Mohsen et al. 

 

Int. J. Biosci. 2014 

Ukkola O, Kunnari A, Jokela M, Päivänsalo M, 

Kesäniemi YA. 2009. Ghrelin and metabolic 

disorders. Current Protein and Peptide Science 10(1), 

2–7. 

http://dx.doi.org/10.2174/138920309787315220 

 

Vancea DM, Vancea JN, Pires MI, Reis MA, 

Moura RB, Dib SA. 2009. Effect of frequency of 

physical exercise on glycemic control and body 

composition in type 2 diabetic patients. Arquivos 

Brasileiros de Cardiologia 92(1), 23-30. 

http://dx.doi.org/10.1590/S0066782X20090001000

05 

Vincent RP, Le Roux CW. 2008. Changes in gut 

hormones after bariatric surgery. Clinical 

endocrinology (Oxford) 69(2), 173–179. 

http://dx.doi.org/10.1111/j.1365-2265.2007.03164.x 

 

Yada T, Dezaki K, Sone H, Koizumi M, 

Damdindorj B, Nakata M, Kakei M. 2008. 

Ghrelin regulates insulin release and glycemia: 

physiological role and therapeutic potential. Current 

Diabetes Reviews 4(1), 18-23. 

http://dx.doi.org/10.2174/157339908783502352 

 

http://dx.doi.org/10.2174/138920309787315220
http://dx.doi.org/10.1590/S0066782X2009000100005
http://dx.doi.org/10.1590/S0066782X2009000100005
http://dx.doi.org/10.1111/j.1365-2265.2007.03164.x
http://dx.doi.org/10.2174/157339908783502352

