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Abstract: 

Background: Insulin produced by pancreatic β cells ceases in people with type1 diabetes mellitus, an 

endocrine disease caused by autoimmune damage. It can cause weight loss. Energy balance controls 

the secretion of ghrelin, a peptide hormone made by entering endocrine cells found in the oxyntic 

glands of the stomach fundus.   

Objectives: This study aimed to investigate the relationship between serum ghrelin and body mass 

index in newly diagnosed children with type 1 diabetes mellitus. 

Methods: The study involved 120 pediatric participants aged 2-14 years conducted from February to 

May 2024. They were divided into four groups: group 1 contains 40 lean patients with type 1 diabetes 

mellitus and a body mass index ≥85 percentile, group 2: 40 underweight patients with type1 diabetes 

mellitus and a BMI ≥5 percentile, group 3: 22 healthy lean controls with a body mass index <85 

percentile, group 4: 18 healthy underweight controls with a body mass index ≥5 percentile. The study 

measured fasting serum glucose, ghrelin, and HbA1c. Results: Diabetic patients had significantly 

lower ghrelin levels compared to controls. Underweight diabetics had higher mean HbA1c and fasting 

blood glucose compared to lean and underweight controls. 

Conclusion:  In type 1 diabetes mellitus patients, ghrelin levels are lower than in controls. Ghrelin 

correlates positively with FBG, HbA1c, weight, and height in healthy control participants (lean and 

underweight) and age in lean control subjects. No association was found between ghrelin and the 

patient (T1DM). 

Keywords: Body mass index; Fasting blood glucose; Ghrelin; Glycated hemoglobin; Type 1 diabetes 

mellitus. 

 

 Introduction 

 

Type 1 diabetes mellitus (T1DM) is a chronic 

metabolic condition. Genetically vulnerable people 

are caused by an autoimmune attack and the loss of 

functioning pancreatic β-cells that produce 

insulin(1). Weight loss, polyuria, thirst, and eyesight 

problems are among the signs of children with Type 

1 diabetes mellitus who have diabetes. Certain cases 

of hyperosmola and more severe forms of diabetic 

ketoacidosis may cause coma. Regrettably, most of 

the symptoms are mild. Still, over time, they can 

cause harm to numerous organs or even their failure, 

resulting in irreversible impairments such as 

blindness, amputation, stroke, and, finally, death. 

Insulin-dependent diabetes, previously known as 

type 1 diabetes, can attack anyone at any age. Still, it 

most commonly affects children and adolescents (2). 

Ghrelin, often referred to as the "hunger hormone," 

plays a significant role in weight regulation by 

influencing appetite and energy balance. It acts 

primarily through the growth hormone secretagogue 

receptor type 1a (GHS-R1a), stimulating food intake  

 
*Corresponding Author:  

hedefelyassin@uobaghdad.edu.iq 

and promoting adipogenesis. While ghrelin's 

orexigenic effects are well-documented, its role in 

weight control is complex and multifaceted, 

stimulating food intake and promoting adipogenesis. 

Ghrelin stimulates appetite by activating 

hypothalamic neurons that promote hunger while 

inhibiting those that suppress it (3). It also enhances 

dopaminergic signaling, which may increase the 

reward associated with food intake (3). The acylated 

form of ghrelin is crucial for its binding to GHS-

R1a, linking calorie intake to energy homeostasis 

(4). The physiological significance of ghrelin in 

energy balance is debated; for instance, ghrelin-

deficient rodents do not always exhibit anorexia or 

weight loss (4). Ghrelin, a 28-amino acid peptide, is 

predominantly produced in the small intestine and 

stomach, with very minor amounts produced by the 

kidneys, placenta, and pancreas. There are two main 

types of ghrelin in circulation: desacyl ghrelin 

(DAG) and acyl ghrelin (AG) (5). Ghrelin O-

acyltransferase (GOAT), the membrane-bound 

enzyme, couples proghrelin with an octanoic acid at 

the serine-3 residue during posttranslational 

processing to generate AG(6). Growth hormone 

(GH) secretagogue receptor type 1a (GHS-R1a) is an 
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endogenous ligand that increases GH secretion (7). 

Ghrelin is one of these ligands. A GPCR receptor is 

called GHS-R1a (8). Ghrelin, a peptide hormone 

predominantly produced in the stomach, plays a 

multifaceted role in energy balance and metabolism, 

particularly in glucose metabolism. The metabolic 

effects of serum ghrelin on glucose homeostasis are 

complex and can vary based on physiological 

context, including conditions such as obesity, 

diabetes, and metabolic syndrome. Key Metabolic 

Effects of Serum Ghrelin on Glucose Metabolism by 

Regulation of Insulin Secretion 

Ghrelin influences insulin secretion from the 

pancreas. It can inhibit insulin release, resulting in 

increased blood glucose levels. Studies suggest that 

elevated levels of ghrelin can contribute to insulin 

resistance, potentially exacerbating the glucose 

intolerance seen in metabolic disorders such as type 

2 diabetes (21). Ghrelin has been linked to reduced 

glucose utilization by peripheral tissues. It appears 

to diminish the uptake of glucose by cells, which 

aligns with its overall function of conserving energy 

stores during fasting periods (22). While ghrelin is 

primarily known for its appetite-stimulating effects, 

it also acts on the hypothalamus and other brain 

centers to modulate energy expenditure. This 

modulation can indirectly influence glucose 

metabolism by altering overall energy balance and 

caloric needs (23). Ghrelin significantly influences 

glucose metabolism and insulin secretion in patients 

with type 1 diabetes mellitus. Its tendency to inhibit 

insulin secretion and promote higher blood glucose 

levels can pose challenges for glycemic control (24) . 

Ghrelin levels in obese children have been 

associated with various components of metabolic 

syndrome, including insulin resistance and 

dyslipidemia. Studies demonstrate that the 

relationship between ghrelin levels and body mass 

index (BMI) in pediatric populations is relevant, 

with ghrelin acting as a potential biomarker for 

understanding obesity-related metabolic disorders in 

children (25). 

A critical area of research understands the 

relationship between ghrelin levels and body weight 

which can help manage diabetes more effectively 

and improve overall health outcomes. 

Investigating this relationship could reveal potential 

therapeutic targets for regulating appetite and 

metabolism in pediatric patients, ultimately leading 

to tailored interventions that promote healthier 

growth patterns and better glycemic control. 

Identifying specific ghrelin signaling pathways may 

also provide insights into the mechanisms 

underlying weight fluctuations in children with type 

1 diabetes. Understanding how these pathways 

interact with other hormonal and metabolic factors 

will be essential for developing comprehensive 

management plans that address both diabetes control 

and weight maintenance in this vulnerable 

population. Such an integrated approach could not 

only improve clinical outcomes but also empower 

families with knowledge and tools to foster healthier 

lifestyles, ultimately contributing to the long-term 

well-being of children living with type 1 diabetes. 

Therefore, the present study aimed to examine the 

relationship between weight (as measured by body 

mass index) and some metabolic hormones (Ghrelin) 

in newly diagnosed children with type 1 diabetes to 

shed light on the weight maintenance mechanism in 

these patients. 

 

Patients and Methods 

This case-control study included 120 child T1DM 

newly diagnosed aged between (2 and 14) years at 

Welfare Teaching Hospital, Medical City, and in 

addition to The Central Child Teaching Hospital of 

Pediatrics, Al-Karkh District, Baghdad, Iraq, from 

the first of February to the end of May 2024. Every 

individual provided an informed consent. Ethical 

Committee at the Department of Biochemistry, 

College of Medicine, University of Baghdad. 

Approved the study. The participants were classified 

into the following groups: the first group consisted 

of 40 pediatrics with lean T1DM, and the second 

group consisted of 40 children with underweight 

type 1 diabetes mellitus. The third group numbered 

22 children with lean healthy as control. The fourth 

group consists of 18 children who are underweight 

and healthy as controls. 

Inclusion criteri: 

Patients with type 1 diabetes mellitus newly 

diagnosed 

Exclusion criteria : 

1) Diabetes type 2. 

 2) Patients are using dietary supplements. 

 3) Patients with Type 1 diabetes complications such 

as neuropathy, retinopathy, or nephropathy. 

4) Thyroid disorders and celiac disease 

Blood samples 

Five milliliters of peripheral blood were drawn from 

the patient; two milliliters were placed in an EDTA 

(ethylenediaminetetraacetic acid) anticoagulant tube 

to measure HbA1c, and the remaining three 

milliliters were placed in a gel tube. Blood samples 

were allowed to coagulate for 15-30 minutes before 

centrifugation at 3000 rpm for 10 minutes. This is 

separated into two tubes. The separated serum 

samples were kept in aliquots at -20°C until the 

glucose and ghrelin levels were measured. 

Measurement of Biochemical Parameters: The 

following biomarkers were measured in the blood: 

Glucose measured by spectrophotometer and HbA1c 

on the Cobas c 111 system, and serum ghrelin was 

determined using an enzyme-linked immunosorbent 

assay (ELISA)and anthropometric measurements, 

including body mass index (BMI) by used (centers 

for disease control and prevention growth chart) 

CDC growth chart for children measured body mass 

index. 

 

Statistical analysis 

Data analysis was performed with SPSS software 

version 16.0. Data were presented as Mean ± SEM 

to compare serum levels based on analysis of 

(ANOVA) for each study.  Pearson correlation 
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analysis was performed to see if there was a 

significant association between the parameters. The 

alpha level for statistical significance was 

established at a threshold of p< 0.05. 

 

Results 

For the lean control and underweight groups, the 

average age was 9.73 ± 0.80 years and 9.39 ± 0.62 

years, respectively. The underweight DM group had 

a lower average age of 8.03±0.58 years. Lean DM 

has an average age of 9.33±0.31 years. (P= 0.108, 

meaning the age distribution was not statistically 

significant. Weights differ significantly between 

groups (p< 0.0001). The mean weight of the 

underweight and lean control groups is 

34.55±2.67kg and 28.72±2.11kg, respectively. The 

weights of the underweight and lean T1DM groups 

were, (24.54± 1.75 kg) and (37.28± 1.47) kg, 

respectively, (P=0.05) indicating that height was not 

statistically significant. Table 1 shows that the 

groups' mean heights were very constant, with the 

lean and underweight control group measuring 

(133.23± 4.45cm) and (137.33± 4.12cm), 

respectively, and the lean and underweight T1DM 

group measuring (135.15± 2.10cm) and (125.97± 

3.98cm), respectively. 

 

Table 1: The mean (±SEM) values for weight and 

age of diabetes mellitus children and their 

controls 
     Age/ year                       

 Control 
n=40 

Patient 
n=80 

P value 

Lean 9.73± 0.80 9.33± 0.31  

P=0.108 Underwe

ight 

9.39± 0.62 8.03± 0.58 

 Weigh/ Kg 

Lean 34.55± 2.67 37.28± 1.47  

P<0.0001 
Underwe

ight 

28.72± 2.11 24.54± 1.75 

Height/cm 

Lean 133.23± 
4.45 

135.15± 
2.10 

 
P=0.04 

Underwe

ight 

137.33± 

4.12 

125.97± 

3.98 

 

In the present study, there were substantial 

differences in BMI among the groups (P< 0.001) 

Tables 1&2. The lean and underweight control 

groups had mean percentile scores of (70.82± 2.23). 

They were shown to be significantly different from 

three groups: underweight control, underweight DM, 

and lean DM. The lean DM group had a 

significantly higher mean percentile score 

(85.67±1.53) than the underweight, underweight 

DM, and lean control groups. In the underweight 

control group's mean percentile, the results differed 

considerably from the lean control and DM groups. 

The underweight DM group had a substantially 

higher mean percentile result (19.15±3.68) than the 

lean control and lean DM groups.  

 

Table 2: The mean (±SEM) body mass index 

values for control and diabetes patients 
                            BMI Percentile 

Control 

  n=40 

Patient 

  n=80 

P value 

Lean 70.82± 2.23 85.67± 1.53  

P<0.001 Underw

eight 

21.44± 4.14 19.15± 3.68 

 

In the present study, HbA1c in underweight patients 

has a mean (11.77± 0.32) %. In contrast, the lean 

control and underweight control groups had 

significantly lower mean HbA1c% values of 

(5.16±0.04) and (5.16± 0.05), respectively. The Lean 

DM group had a mean FBG of 214.33 ± 14.93 

mg/dL. Similarly, the underweight DM group had an 

average FBG of 213.35 ±18.92 mg/dL. These values 

are considerably higher than those observed in the 

lean control and underweight control groups, with 

mean FBG levels of 86.63 ±1.70 and 86.99 ± 1.64 

mg/dL, respectively. Ghrelin levels in the control 

group (lean and underweight) average (4.51± 

0.38ng/ml) and (5.10± 0.47ng/ml), respectively. 

Patients with diabetes mellitus (lean and 

underweight) had significantly lower ghrelin levels 

(0.99±0.08 vs. 0.93±0.07 ng/ml). The difference in 

ghrelin levels was extremely significant 

(P<0.000001) as shown in Table 3. The research 

indicates significant differences in ghrelin levels 

among the four groups. 

 

 

Table 3: The mean (±SEM) glycated hemoglobin and glucose values in controls and diabetic patients 
 HbA1C% 

Control  

n=40 

Patient  

n=80 

P value 

Lean 5.16± 0.04 11.40± 0.25  

P<0.0001 Underweight 5.16± 0.05 11.80± 0.32 

Glucose (mg/dl) 

Lean 86.63± 1.70 214.33± 14.93  

P<0.0001 Underweight 86.99±1.64  213.35± 18.92 

Ghrelin (ng/ml) 

Lean 4.51± 0.38 0.99± 0.08  

P<0.0001 Underweight 5.10± 0.47 0.93± 0.07 

 

There is no association between ghrelin and T1DM 

subjects, but there is a correlation between it and 

underweight as well as lean controls. Positive 

correlations between ghrelin and FBG (r = 0.648, p 

= 0.0037) and HbA1c (r = 0.696, p = 0.0013) 

indicated that underweight control people with 

higher ghrelin levels also have higher FBG and 

HbA1c levels. Other significant relationships 
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between ghrelin and factors like height and weight 

include positive correlations in lean and underweight 

controls (r = 0.582, p = 0.0045) and weight (r = 

0.572, p = 0.0054). Figure 1 showed a substantial 

positive correlation (r=0.65) between ghrelin and 

serum fasting glucose (P<0.004) in the underweight 

control group of subjects. 

 
Figure 1: The connection between ghrelin and fasting 

glucose serum (FBG) in the underweight control 

group. 

 

 

Figure 2 demonstrated a substantial positive 

connection (r = 0.70) between Ghrelin and HbA1C 

in the underweight control group (p<0.001). 
 

 
 
Figure 2: Association of ghrelin and HbAlc in the 

underweight control group.  

Figure 3 demonstrated a substantial positive 

connection (r=0.72) between ghrelin and weight in 

the underweight control group (P<0.001). 

 

 

 
Figure 3: The association between Gherlin and weight 

in the underweight control group 

 

Discussion 

In the current investigation, the influence of age was 

minimized by selecting control group ages that were 

similar to those of the patients. It was supported by 

the non-significant results obtained. This 

observation   matched the findings of Marcovecchio 

et al. (2024), who discovered no significant 

variations in age (9). Also, in the current study, there 

was a statistically significant difference (P<0.0001) 

in weight across the groups (lean DM and lean 

healthy) versus (underweight DM and underweight 

healthy). 

The first week of type 1 diabetes in children is 

marked by a loss in both total body and muscle 

weight. This occurs because the body cannot 

produce insulin, which is required for the body's 

cells to convert glucose into energy. As a result, 

there is a decrease in ATP production and a 

breakdown of protein and fat (10). In contrast, there 

was no significant difference in height across the 

four groups (P = 0.05). This conclusion is consistent 

with an earlier work by Polkowska et al. (2016). 

They observed that children with newly diagnosed 

diabetes had considerably lower body weight but no 

significant differences in height (11). Another study 

that did not agree discovered significant variations in 

height (12).  The body mass index percentile scores 

in (the lean healthy and lean DM) groups are 

considerably higher than (the underweight healthy 

and underweight DM groups). This is consistent 

with the earlier study of (13). Furthermore, diabetes 

patients who are skinny and underweight have 

considerably higher serum HbA1c readings than 

healthy people who are similarly lean and 

underweight. Similarly, lean and underweight 

diabetics had significantly higher serum glucose 

levels than healthy lean and underweight 

individuals. These results are comparable to results 

from another study which discovered that the lack of 

glycemic control was the cause of the significantly 

increased HbA1c levels. HbA1c is an accurate 

measure of long-term glucose exposure and is 

required for determining the patient's prediagnostic 

state of hyperglycemia (14). Also, another study, 

found that individuals who had just received their 

diagnosis had the greatest HbA1C and blood glucose 

values (15). The enteroendocrine cells in the 

stomach are the main source of the peptide hormone 

ghrelin, whereas the pancreas, brain, and small 

intestine also emit tiny amounts of this hormone. 

Many refer to it as the "hunger hormone" (16).  

Also, the current investigation demonstrated 

increased serum ghrelin levels in healthy 

participants compared to diabetes mellitus patients, 

which accords with previous findings by (17) which 

found that plasma ghrelin was lower in diabetic 

individuals compared to individuals with good long-

term glycemic control. According to Lopes et al. 

in2023, ghrelin may influence glucose homeostasis 

by promoting stomach emptying and inhibiting 

insulin synthesis stimulated by glucose. This 

phenomenon may assist in explaining how a decline 

in ghrelin after a meal leads to a rise in insulin levels  

(18). Ghrelin influences insulin release from 

pancreatic beta cells. Insulin secretion decreases, 

and blood glucose levels rise. Ghrelin suppresses 

insulin production in β cells by inhibiting Ca2+andK+ 

channels that activate during glucose metabolism. 
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People with diabetes and obese people have lower 

plasma ghrelin levels than lean people. It is plausible 

to assume that this is a controlled reaction to 

decreased GHR. Inactivity, which promotes fat. 

Further research showed that ghrelin levels can be 

adjusted to combat diabetes and obesity. Techniques 

for reducing insulin levels are under investigation 

because they drop when ghrelin is present (19). 

Ghrelin is positively associated with increasing FBG 

and HbA1c levels, indicating a potential role in the 

glucose metabolic process; however, no correlation 

was found between Ghrelin and T1DM patients. 

Ghrelin's production of GLP-1 reduces β-cell 

function and impairs glucose tolerance, as 

demonstrated by ghrelin infusion studies (20) . 

 

Limitation 

limitations including small sample sizes, lack of 

non-diabetic controls, confounding insulin therapy 

effects, age/disease duration variability, and short-

term follow-up. 

 

Conclusion 

In children with Type I diabetes mellitus, ghrelin 

levels were considerably lower than healthy 

controls. Ghrelin was also positively associated with 

FBG, HbA1c, weight, and height in healthy control 

participants (lean and underweight) and age in lean 

control subjects. No link was found between ghrelin 

and the patient (T1DM) because of a defect in 

insulin. 
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 هرمون الغريلين في مصل الأطفال المصابين بمرض السكري من النوع الأول

 

 2كاظم،  منيب احمد 1 هدف ظافر الياسين، 1صفا احمد عياش
 .فرع الكيمياء الحياتية ،كلية الطب،جامعة بغداد، بغداد ، العراق 1

 ، بغداد ، العراق. جامعة بغداد ، كلية الطب، الاطفال طب فرع 2
 

: يتوقف إنتاج الأنسولين بواسطة خلايا بيتا البنكرياسية عند الأشخاص المصابين بداء السكري من النوع الأول، وهو مرض غدي صماء ملخص

يعه عن  يحدث بسبب تلف المناعة الذاتية. يمكن أن يسبب فقدان الوزن. يتحكم توازن الطاقة في إفراز هرمون الغريلين، وهو هرمون ببتيدي يتم تصن

 .طريق دخول الخلايا الصماء الموجودة في الغدد المؤكسدة لقاع المعدة

ال:  الهدف بين هرمون  العلاقة  في  التحقيق  إلى  الدراسة  تم تشخيصهم حديثاً  تهدف هذه  الذين  الأطفال  لدى  الجسم  كتلة  المصل ومؤشر  في  غريلين 

 .بمرض السكري من النوع الأول

( عامًا في مستشفى الرعاية التعليمي بمدينة الطب، بالإضافة إلى 14-2فرداً من الأطفال تتراوح أعمارهم بين )  120: شملت هذه الدراسة  يقةالطر 

. تم تقسيمهم إلى أربع مجموعات. تم 2024ركزي بمنطقة الكرخ، بغداد، العراق، من الأول من فبراير إلى نهاية مايو  مستشفى الأطفال التعليمي الم

لى  قياس مؤشر كتلة الجسم بالاعتماد على مخطط نمو مراكز السيطرة على الأمراض والوقاية منها المستخدم للأطفال؛ تحتوي المجموعة الأولى ع

الجسم ≤  مريضًا نحيفين مصابي  40 كتلة  النوع الأول مع مؤشر  السكري من  الثانية على  85ن بداء  المجموعة  يعانون من    40، وتحتوي  مريضًا 

  ≥ الجسم  كتلة  مؤشر  مع  الأول  النوع  من  السكري  بداء  مصابين  الوزن  على  5نقص  تحتوي  المجموعة  مع    40.  تتناسب  وأعمارهم  سليم  طفل 

، والمجموعة الرابعة تتكون من  22مئوية. المجموعة رقم    85ضوابط نحيفة مع مؤشر كتلة الجسم أقل من  المرضى مقسمة إلى )المجموعة الثالثة،  

18    ≥ الجسم  كتلة  مؤشر  مع  نحيفة  ضوابط  نحيف،  سليم  الصائم،   5طفل  المصل  في  الجلوكوز  حيث  من  المثال  سبيل  على  تقييمهم  تم  مئوية. 

  .والجريلين، والهيموجلوبين السكري

( نانوجرام/مل. أظهر مرضى السكري مستويات جريلين 0.47±5.10)   0.38±4.51مستوى الجريلين في المجموعة الضابطة  ان متوسط  النتائج: ك

 ( نانوجرام/مل. تباينت مستويات الغريلين بشكل كبير 0.07±0.93( )0.08±0.99أقل بشكل ملحوظ )

في مجموعة مرضى السكري النحيفين. كان لدى مرضى السكري الذين  (FBG) ئمعلاوة على ذلك، تم العثور على نسبة الجلوكوز في الدم الصا  .

الوزن   نقص  من  يعانون  الذين  السكري  مرضى  لدى  كان  الناقص.  الوزن  وذوي  النحيفين  الأشخاص  من  أعلى  معدلات  الوزن  نقص  من  يعانون 

  .أقل بكثير %HbA1c قيملوزن الناقص متوسط  في المقابل، كان لدى مجموعات التحكم النحيفة وذوي ا .HbA1c أعلى لـمتوسط 

: في المرضى المصابين بداء السكري من النوع الأول، كانت مستويات الغريلين أقل بكثير من الضوابط الصحية. ارتبط الغريلين أيضًا  الاستنتاج

 بشكل إيجابي ب ـ

FBG وHbA1c   الناقص( والعمر لدى الأشخاص النحيفين. لم يتم العثور على والوزن والطول لدى المشاركين الأصحاء )النحيفين وذوي الوزن

 .(T1DM) أي ارتباط بين الغريلين والمريض

، داء السكري من النوع  (HbA1c)   : مؤشر كتلة الجسم، نسبة الجلوكوز في الدم أثناء الصيام، الغريلين، الهيموجلوبين السكريالكلمات المفتاحية

 .(T1DM) الأول

 

 

 

 

 


