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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Obesity has reached truly epidemic proportions worldwide 

and has become one of the most prevalent health problems that 
our world currently faces. The goal of the study is to identify the 
relationship between body mass index (BMI), insulin, hepcidin, 
and ferritin in obese males. Ninety males were recruited into the 
study; forty participants were assigned to the obese group were 
have BMI>30 kg/m2, twenty to overweight group were have 
BMI between 25-30 kg/m2, and another thirty to the control 
group were have slow BMI<25 kg/m2. The serum hepcidin, 
serum fasting insulin, serum ferritin and fasting glucose were 
evaluated in each of the studied groups. The Obese group showed 
a significant increase of the serum hepcidin concentration 
compared with the control group (4.65 ± 1.92 vs. 3.43 ±1.52, p 
= 0.015). No prominent differences were detected in the three 
groups in ferritin and glucose concentration. Investigation of 
iron regulated cytokine hepcidin can be participated in future 
as iron deficiency marker in obese subject in conjugation with 
serum iron and serum ferritin.

Key words. Obesity, hepcidin, insulin resistance, iron 
deficiency.
Introduction.

Body mass index (BMI) is used to classify the overweight and 
obese groups. Body mass index (BMI) of 30 kg/m2 or higher 
is considered obese, whereas a BMI of 25 kg/m2 or higher is 
considered overweight [1]. Nearly 30% of the population is now 
categorized as overweight or obese due to the pandemic levels 
of adiposity that have been observed throughout the world [2]. 

Global health issues including obesity and iron insufficiency 
affect billions of people worldwide. Iron deficiency, or 
hypoferremia, is the most prevalent micronutrient deficiency 
globally, despite the fact that fat and obesity are the main risk 
factors for many chronic disorders, including cardiovascular 
diseases, diabetes, and several malignancies. Untreated iron 
deficiency can lead to iron deficiency anaemia, a serious health 
issue that manifests as exhaustion, decreased life productivity, 
growing evidence indicates the reality of a link between obesity 
and iron deficiency. This is especially true in children. Children, 
teenagers, and adults were all affected by this connection [3]. 
According to Ibrahim et al (2023), 13.5, 13.6, 23.5, and 21.7 of 
male adolescents with light, normal, overweight, and obesity, 
respectively, had iron deficiency (serum iron 60 g/ dl) [4]. 
According to Kerkadi et al. (2021) [5], adult men with normal 
weight, overweight, grade 1 obesity, and grade 2 obesity, 
respectively, had mean blood iron levels of 72.6, 64.2, 59.1, and 
54.7 g/dl [5]. Hepcidin status and low-grade chronic inflammation 
are thought to be key factors in the connection between obesity 
and hypoferremia [6]. Although it is acknowledged that obesity 
poses a concern to iron deficiency, The relationship's mechanics 
remain unclear [4]. Wenzel et al. [7] were the first to identify a 
link between obesity and iron deficiency. In 1962. Seltzer and 

Mayer's research findings concurred with those of Wenzel [8]. 
Similar to tumor necrosis factor (TNF-), interleukin-6 (IL- 6), 
and C- reactive protein (CRP), obesity is a chronic low-grade 
inflammatory condition that induces the release of inflammatory 
cytokines [9]. Hepcidin expression is directly increased by 
these cytokines [10]. Hepcidin is a 25-amino-acid peptide that 
is mostly generated by the liver and eliminated in the urine. It is 
the primary regulator of systemic iron homeostasis, which limits 
intestinal iron absorption and macrophage iron release [11]. 
Ferroportin, an iron transporter, is also regulated by hepcidin 
in target cells [12]. According to a previous study, individuals 
with chronic illnesses had increased hepcidin attention, which 
resulted in decreased iron absorption and increased iron 
insulation in the reticuloendothelial system, both of which 
contributed to anemia [13]. Studies from Western nations found 
elevated blood hepcidin levels in children with obesity, and 
some of them linked these levels to iron autobiographies [14].

Therefore, the aim of this study was to assess and compare 
insulin effects among obese, overweight, and normal weight 
males on Hepcidin level and ferritin level. We hypothesized 
that obesity would promote elevation in hepcidin level compared 
to overweight and control. Furthermore, this study is expected to 
add to the scientific literature that suggests the use of hepcidin as 
biological marker in diagnosis of iron deficiency in obese males. 
Patients and Methods.

Subjects: A cross-sectional study was conducted from the 
beginning of November 2022 until the end of May 2023 among 
60 overweight and obese healthy male (mean age 39 ± 16.1 
years) For the comparison, a total of 30 apparently healthy 
control subjects (mean age 38.1±15.4 years) without a personal 
history of any metabolic abnormalities were recruited to the 
study. The controls were taken from the same geographic areas 
as the patients. All individuals were randomly recruited from 
Kirkuk Governorates. Specifically, we recruited Participant into 
three categories according to BMI obese BMI> 30 kg/m2 (n=40), 
overweight BMI 25-30 kg/m2 (n=20) and control BMI<25 kg/
m2 (n=30).

In this study, all participants were performed anthropometric 
and biophysical tests. The anthropometric and biophysical tests 
were carried out at the in laboratory and outside the laboratory 
building, respectively. Height and weight were measured for 
participants by trained nurses. Weight and height were measured 
in kilogram (kg) and centimeter (cm) respectively. Body weight 
was measured by a balance scale to the nearest half-kilogram 
with the individuals in light clothing and without shoes. The 
body mass index (BMI) was taken from the ratio of the body 
mass (kilograms) formula divided by body height (meters) 
squared. Waist circumference was measured in centimeters (cm) 
at the end of normal expiration halfway between the lowest rib 
and the iliac crest with the investigator standing at the side to 
ensure that the measuring tape is horizontal across the back and 
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Chemical tests: As shown in table 2, Figure 1, and Figure 
2. ANOVA showed significant increased level of hepcidin 
in obese group when compared to control group (4.65 ng/
ml±1.92 vs. 3.43 ng/ml ±1.52 p<0.05), indicating hepcidin level 
increase in obesity. However, ANOVA revealed no significant 
for ferritin level and glucose level in obese group (p = 0.133, 
p=0.94, respectively) and (p=0.57, p=0.93) in overweight 
group. Significant differences were detected in insulin level in 
obese and overweight group when compared to control group 
(16.77±7.68, 14.98±4.78 vs. 11.7 ±2.79 and p= 0.003, p= 
<0.001, respectively).

Pearson correlation: As shown in table 3 and figure 2, 
correlation coefficient (r) reveals. No significant association 
between insulin and hepcidin in obese groups (r =0.2, p = 0.238). 
However, a significant negative correlation between insulin and 
ferritin found in obese group (r= -0.61, p <0.001). Specifically, 
ferritin level decrease in increase of insulin level (Figure 3).
Discussion.

Male obesity has become a global health issue, Research on 
the pathophysiological mechanisms behind obesity and their 
impact on iron metabolism disorders and the emergence of 
iron deficiency anemia was sparked by the discovery of the 
endocrine activity of adipose tissue and adipokines [15]. The 
main findings of this study are: (1) There were no prominent 
differences were detected in all three groups to ferritin level 
(2) compared to control group, obesity significantly increased 
insulin concentration; (3) there were significant increase level 
of hepcidin in obese males when compared to normal weight 

the front of the participant. After anthropometric measurements, 
after that for all participants’ 5-mL samples of venous blood 
were collected from the forearm vein. 

The blood samples were centrifuged at 4000 g for 10 min. 
Serum plasma was analyzed using ELISA analyzer, Genotik 
USA with sandwich Elisa method for the determination of 
hepcidin and insulin. For analyses, And Gisse diagnostic kits 
for turbidimetric determination of serum ferritin level.  

Compliance with ethical standards: Before the initiation of the 
study, all participants received an explanation of the procedure 
and the risks that would later be faced in their participation, and 
they provided informed consent to participate in this study. The 
study was approved by the ethics committee of the Director of 
health Kirkuk, and all procedures were in accordance with the 
Declaration of Helsinki.

Statistical Analysis: Computerized statistical analysis was 
performed using SPSS statistic program v29 and Prism 
Graphpad v9. Comparison was carried out using one way 
ANOVA T-Test probability (P value). The P value < 0.05 
was considered statistically significant and P value > 0.05 
considered non-significant statistically. Correlation coefficient 
used to find the correlation between studied markers by using 
Pearson correlation. 
Results.

The anthropometric and biophysical characteristics of 
participant from all of the groups are shown in Table 1. 
Significant differences were found among three groups regarding 
anthropometric and biophysical variables.

Variable Control n=30
Mean ±SD

Overweight n=20
Mean ±SD P-value Obese n=40

    Mean ±SD P-value

Age (years) 38.1±15.4 37.5± 14.55 0.8909 39 ± 16.1 0.8143
Weight (Kg) 66.53±24.50 72.28±6.66 0.3121 80.90±11.49 0.0017*
Height (cm) 165.9± 8.53 168±7.84 0.3831 163.18±9.19 0.4857
Body Mass Index (kg/m2) 23.37±1.53 27.22±0.61 < 0.001* 32.29±4.1 < 0.001*
Waist Circumference (cm) 83.99±7.77 90.32±7.24 0.0056* 99.12±10.45 < 0.001*
SD is the standard deviation. *One-way ANOVA. Statistically significant differences 
between Obese, overweight and control (p < 0.05). 

Table 1. Biophysical and anthropometric variables among all groups.

Variable Control 
(n=30)

Overweight 
(n=20) P-value Obese 

(n=40) P-value

Fasting glucose (m\dl) 102.1±8.15 101.9±9.22 0.9360 102.3±13.4 0.9426
Fasting insulin (µu\ml) 11.7 ±2.79 14.98± 4.78 0.0036* 16.77±7.68 <0.001*
Serum ferritin (ng\ml) 88.6±29.8 93.35±28.2 0.5754 77.9±28.3 0.1331
Serum hepcidin (ng\ml) 3.43±1.52 3.66 ± 1.79 0.8944 4.65±1.92 0.0156*
SD is the standard deviation. *One-way ANOVA. Statistically significant differences between Obese, overweight and control (p < 0.05). 

Table 2. Biochemical variables among all groups.

Combination R 95.00% CI n P
Insulin – hepcidin  0.2 [-.11_ .4] 40 0.2
Insulin- Ferritin  -0.61 [-.78_ -.38] 40 <0.001*
Insulin – Transferrin  0.51 [.24-.71] 40 .0.0006*
Insulin - iron  -0.36 [-.6_ -.05] 40 0.02
R=correlation coefficient, CI= confidence 
intervals, n= number. * Significant at p<0.05  

Table 3. Pearson Correlation Results between Insulin and Hepcidin, Ferritin, Transferrin, and Iron in obese group.
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Figure 1. Bar plot of mean values with 95% CI error bars accompanied by Estimation plot with 95% Confidence intervals of mean differences 
between the groups for ferritin (left) and hepcidin (Right). * Significant at (p<0.05) , NS (non-significant).

Figure 2. Bar plot of mean values with 95% CI error bars accompanied by Estimation plot with 95% Confidence intervals of mean differences 
between the groups for Glucose (left) and Insulin (Right). ** Highly Significant at (p<0.001), NS (non-significant).
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males. (4) Strong negative association found between ferritin 
and insulin in obese.

Hepcidin levels were higher in obese people than in those of 
normal weight, according to other investigations [16-18]. The 
results of this study suggest that there is growing evidence for 
the association between obesity and iron insufficiency. This 
connection is believed to be caused by elevated hepcidin levels 
that are mediated by chronic inflammation. When researchers 
began to evaluate inflammatory markers and serum hepcidin in 
addition to various iron status markers, a deeper knowledge of the 
connection between obesity and iron deficiency was gained [19].

We realize that there are still some limitations in this study. 
Firstly, we did not pay attention to the other obesity linked 
hormones like (leptin and adeponectin), which may have 
been the factors that could differentiate the results [20,21]. 
Secondly, the lack of several inflammatory marker, such as 
c-reactive protein (CRP), interleukin-6 (IL-6). These markers 
are needed to explain the unanswered phenomena in this study 
[22,23], moreover, children should be studied carefully in the 
same manner [24], the effect of the type of diet [25] need to 
be followed to exclude the effects of lifestyle changes on the 
level of hepcidin. In addition to these aforementioned variation 
in the response could be also associated with the variation in the 
status of localized milieu of oxygen supply, immunomodulatory 
cytokine, cellular structure, and behaviours [26-28].

Conclusion.
We demonstrated that obese males are more efficient in 

developing iron deficiency compared with normal weight 
males. There were no prominent differences detected in all three 
groups to ferritin and glucose level. Obesity has a crucial effect 
on insulin concentration. Ferritin cannot be used as golden 
marker for iron deficiency in obesity.
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