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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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/m?, twenty to overweight group were have
BMI between 25-30 kg/m?, and another thirty to the control
group were have slow BMI<25 kg/m?. 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/m? or higher
is considered obese, whereas a BMI of 25 kg/m? 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
54.7g/d1[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
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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/m? (n=40),
overweight BMI 25-30 kg/m? (n=20) and control BMI<25 kg/
m? (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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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.

Table 1. Biophysical and anthropometric variables among all groups.

Control n=30 Overweight n=20

Variable

Mean +SD Mean +SD
Age (years) 38.1£15.4 37.5+ 14.55
Weight (Kg) 66.53+24.50 72.28+6.66
Height (cm) 165.9+ 8.53 168+7.84
Body Mass Index (kg/m2)  |23.37+1.53 27.22+0.61
Waist Circumference (cm) |83.99+7.77 90.32+7.24

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

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.

. Control Overweight
Variable (n=30) (n=20) g
Fasting glucose (m\dl) 102.148.15 101.949.22
Fasting insulin (pu\ml) 11.7 £2.79 14.98+ 4.78
Serum ferritin (ng\ml) 88.6+29.8 93.35+£28.2
Serum hepcidin (ng\ml) 3.43+1.52 3.66+1.79

Obese n=40

P-value Mean +SD P-value
0.8909 39+ 16.1 0.8143
0.3121 80.90+11.49 0.0017*
0.3831 163.1849.19 0.4857
<0.001* 32.29+4.1 <0.001*
0.0056* 99.12+10.45 <0.001*
P-value (Onl;zs(;z) P-value
0.9360 102.3+13.4 0.9426
0.0036* 16.77+7.68 <0.001*
0.5754 77.9+28.3 0.1331
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 3. Pearson Correlation Results between Insulin and Hepcidin, Ferritin, Transferrin, and Iron in obese group.

Combination R 95.00% CI
Insulin — hepcidin 0.2 [-.11_.4]
Insulin- Ferritin -0.61 [-.78 -.38]
Insulin — Transferrin 0.51 [.24-.71]
Insulin - iron -0.36 [-.6_-.05]

R=correlation coefficient, CI= confidence
intervals, n= number. * Significant at p<0.05
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n P

40 0.2

40 <0.001*
40 .0.0006*
40 0.02



Figure 1. Bar plot of mean values with 95% CI error bars accompanied by Estimation plot with 95% Confidence intervals of mean differences
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Figure 2. Bar plot of mean values with 95% CI error bars accompanied by Estimation plot with 95% Confidence intervals of mean differences
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Figure 3. Scatter plot depicting the correlation between Insulin and each of Hepcidin, Ferritin, transferrin, and Iron. Regression line was added

to ease the interpretation (obese group).

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].
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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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