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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.
Background: Chronic kidney disease (CKD) describes 

abnormal kidney function and/or structure. It is common, 
frequently unrecognized, and often exists together with other 
conditions.

Aim: to investigate the role of serum hepcidin in inflammation 
among hemodialysis patients with chronic kidney disease 
(CKD).

Materials and methods: This prospective hospital-based 
study conducted in Kirkuk city included 30 CKD patients 
undergoing regular hemodialysis at Kirkuk General Hospital, 
along with 30 healthy individuals as controls. Blood samples 
were collected before and after hemodialysis, as well as from 
the control group, and analyzed for various parameters. The 
blood samples were collected for determination of hepcidin 
levels were determined using Enzyme-Linked Immunosorbent 
Assay, while S. iron, total iron-binding capacity (TIBC).

Results: The study found that HD patients had significantly 
higher levels of serum hepcidin compared to the control group. 
The mean serum hepcidin level in HD patients was 246.1±72.4 
ng/ml, while in the control group, it was 105.7±20.2 ng/ml. 
Serum ferritin levels were also found to be significantly higher 
in HD patients compared to the control group (430.5±148.3 
ng/ml vs. 153.8±60.6 ng/ml). HD patients had lower serum 
iron and total iron-binding capacity (TIBC) levels compared 
to the control group (63.10±15.62 µg/dl vs. 92.98±26.68 µg/
dl and 265.4±61.1 µg/dl vs. 273.3±65.9 µg/dl, respectively). 
After dialysis, both serum hepcidin levels decreased, with 
the mean serum hepcidin decreasing from 246.1±72.4 ng/ml 
to 206.3±61.8 ng/ml The study also demonstrated a positive 
correlation between hepcidin levels serum ferritin, urea, and 
creatinine, and a negative correlation with serum iron and 
hemoglobin levels in patients before hemodialysis.

Conclusions: HD patients have higher levels of serum hepcidin, 
ferritin, iron and TIBC, suggesting potential involvement in 
inflammation and iron metabolism dysregulation.

Key words. Hemodialysis, Hepcidin, CKD, Iron, Ferritin.
Introduction.

Chronic kidney disease (CKD) describes abnormal 
kidney function and/or structure. It is common, frequently 
unrecognized, and often exists together with other conditions 
(such as cardiovascular disease and diabetes) [1]. The risk of 
developing CKD increases with age. As kidney dysfunction 
progresses, some coexisting conditions become more common 
and increase in severity [2]. People with CKD are five to ten 
times more likely to die prematurely than they are to progress 
to end stage kidney disease. Many people are asymptomatic or 
have nonspecific symptoms such as lethargy, itch, or loss of 
appetite. Diagnosis is commonly made after chance findings 
from screening tests (urinary dipstick or blood tests), or when 

symptoms become severe [3]. One of the most important 
complications associated with CKD are dyslipidemia and 
cardiovascular risk [4].  Chronic kidney disease is a global 
health burden estimated to affect up to 15% of adult populations 
and is independently associated with increased cardiovascular 
disease (CVD) risk similar to the risk of diabetes mellitus or 
coronary heart disease [5]. This risk increases as CKD advances 
and is evidenced by worsening excretory function, usually 
manifest as declining glomerular filtration rate, and increasing 
proteinuria [6]. The increased cardiovascular risk associated 
with end-stage renal disease has been well established, and 
estimated cardiovascular mortality rates are 10- to 100-fold 
higher among dialysis patients than age- and sex-matched 
individuals in the general population [7]. Anemia in CKD 
patients is a multifactorial complex problem influenced by the 
combination of insufficient erythropoietin production, absolute 
and function iron deficiency, as well as chronic inflammatory 
states [8]. As of now, a nephrologist treating anemia has a 
choice diagnostic tool at their disposal to discern the anemia 
etiology. Hepcidin is a peptide produced by the liver to regulate 
iron absorption and mobilization [9]. Hepcidin level is affected 
by iron stores, inflammation states, and erythropoiesis. These 
factors, as well as decreased renal clearance are believed to 
be the main determinants of hepcidin levels in CKD patients 
[10]. Hemodialysis (HD), which is the most common form of 
treatment for end stage renal disease (ESRD). In this technique, 
filter waste products (like Cr, urea, and free water) from the 
blood and to restore normal constituents to it [3]. The aim of this 
study is to evaluate the role of serum hepcidin in inflammation 
among hemodialysis patients in relation with serum iron and 
total iron binding capacity [11-14]. 
Patients and Methods.

This prospective hospital-based study was done in Kirkuk city 
from the period from the beginning of December 2022 to the 
end of March 2023. The study included 30 patients with CKD 
who underwent regular hemodialysis were included in this 
study at Kirkuk General Hospital and their age were between 
18 to 80 years. They were clinically diagnosed by nephrologist 
as ESRD patients (on hemodialysis), based on their history, 
clinical examination, renal function tests and other laboratory 
tests, undergoing hemodialysis. The study also included 30 
adult persons looks healthy with no prior medical or family 
history of CKD as a control participated in this study. 

Inclusion criteria: The main inclusion criteria were individuals 
≥18 years of age with end stage CKD (GFR <15 (mL/min/1.73 
m2). All subjects underwent a comprehensive medical health 
examination and filled out questionnaires on health and lifestyle 
at the time of enrollment. 

Exclusion criteria: Exclusion criteria for enrollment in the 
study were patients with acute chest infection, heart failure, 
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Table 2. Distribution of HD patients  according to duration of dialysis.
Duration of dialysis 
(years) No. %

1-3 6 20
4-6 10 33.33
7-9 7 23.33
10-13 7 23.33
Total 30
Mean ±SD 4.5±1.6

Table 3. Mean of serum hepcidin in hemodialysis patients and the 
control group.

Studied groups Serum Hepcidin (ng/ml) P-valueMean ±SD Min Median Max
Hemodialysis patients 246.1±72.4 108.4 261.8 376.5 0.001Control group 105.7±20.2 79.2 102.9 149.6

The study findings revealed that haemodialysis patients 
exhibit significantly elevated levels of serum ferritin when 
compared to individuals in the control group (430.5±148.3 ng/
ml and 153.8±60.6 ng/ml, respectively). Additionally, the study 
observed lower serum iron and TIBC levels in haemodialysis 
patients (63.10±15.62 µg/dl and 265.4±61.1 µg/dl, respectively) 
as compared with the control group (92.98±26.68 and 
273.3±65.9µg/dl, respectively). These differences were found to 
be statistically significant, with a reported p-value <0.05 (Table 4).

Table 4. Mean of iron markers in hemodialysis patients and the control 
group.

Parameters (Mean±SD) Hemodialysis 
patients Control group p value

Ferritin (ng/mL) 430.5±148.3 153.8±60.6 0.001
Serum iron (µg/dl) 63.10±15.62 92.98±26.68 0.001
Serum TIBC (µg/dl) 265.4±61.1 273.3±65.9 0.033

The study showed that the mean of serum hepcidin before 
dialysis was 246.1±72.4 ng/ml, whereas after dialysis, it 
decreased to 206.3±61.8ng/ml, the difference in hepcidin 
levels before and after dialysis is statistically significant 
(P-value:0.022), Table 5 and Figure 1.

Table 5. Level of serum hepcidin in patients before and after 
hemodialysis.

Hemodialysis patients Hepcidin (ng/ml) P-valueMean±SD Min Median Max
Before dialysis 246.1±72.4 108.4 261.8 376.5 0.022After dialysis 206.3±61.8 89.0 199.6 388.3

The study showed that hepcidin level had positive correlation 
with NGAL, serum ferritin, urea and creatinine and negative 
correlation with serum iron and haemoglobin level in patients 
before haemodialysis. The study also showed that serum NGAL 
had positive correlation with serum ferritin, urea and creatinine 
and negative correlation with serum iron and haemoglobin 
level in patients before haemodialysis (r value> 0.2 and 
P-value<0.01), Table 6.

history of lung TB, lung cancer and neuromuscular disease.
Ethical approval: Approval of the council of College of 

Medicine/ Tikrit University was obtain for the proposal of 
the study. Approval permission was presented to the director 
of Kirkuk Health Directorate / Kirkuk General Hospital. An 
interview was carried out with these patients using questionnaire 
form designed by the investigator including age, sex, duration 
of CKD, duration of hemodialysis sessions, frequency of 
hemodialysis sessions per week and time of diagnosis of CKD.

Biochemical analysis: Five ml of blood was collected by vein 
puncture 5 ml syringes from each patient (before hemodialysis 
(pre —HD) and 2-4 hours after hemodialysis (post — HD) 
and control enrolled in this study. Blood samples were placed 
into two sterile test tubes, in one of them 1.5 ml of blood was 
put in test tube containing anticoagulant EDTA and used for 
assessment of complete blood count (CBC) test using Swelab 
autoanalyzer. The tube then was centrifuged (3000 rpm) for 15 
min. The clear serum was pipetted into clear dry Eppendorf’s 
tubes and stored at (-20°C) for determination of hepcidin by 
ELISA and S. iron, total iron-binding capacity (TIBC), blood 
urea and serum creatinine by biochemical colorimetric methods 
and Hemoglobin level by autoanalyzer hematology instruments. 
Results.

Table 1 presents the distribution of patients under 
haemodialysis based on age and sex. The study showed that the 
largest age group was 73-82 years, comprising 33.33% of the 
total HD patients, followed by 63-72 years with 26.67%. The 
smallest age group was 33-42 years, representing only 3.33%. 
The mean of age was 57.9±12.9 years In terms of sex, 56.67% 
were male, while 43.33% were female, with 17 and 13 HD 
patients, respectively.

Table 1. Distribution of studied patients according to age and sex.
Age groups (years) No. %
33-42 1 3.33
43-52 5 16.67
53-62 6 20
63-72 8 26.67
73-82 10 33.33
Total 30 100
Mean ±SD 57.9±12.9
Sex Count %
Female 13 43.33
Male 17 56.67

According to the Table, 2 below, the highest percentage of HD 
patients falls within the 4-6 years duration group, accounting for 
33.33% of the patients. The 7-9 years and 10-13 years duration 
groups both have the same percentage, with 23.33% each. The 
1-3 years duration group represents 20% of the HD patients and 
the mean of duration was 4.5 years.

The study demonstrated that haemodialysis patients have 
higher serum hepcidin levels compared to individuals in the 
control group (246.1±72.4 ng/ml and 105.7±20.2 ng/ml) 
respectively. The difference was significant at P-value:0.001 
(Table 3).
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Table 6. Correlation of hepcidin and NGAL with other parameters 
before HD.
Hepcidin and NGAL 
before dialysis

Factors before 
dialysis

r 
value*

Type of 
correlation P-Value

Hepcidin

Ferritin 0.91 Positive 0.001
Iron -0.84 Negative 0.001
B. Urea 0.74 Positive 0.001
Creatinine 0.79 Positive 0.001
TIBC -0.14 No correlation 0.450
Hb -0.59 Negative 0.001
NGAL HD 0.88 Positive 0.001

* r- value: Correlation coefficient
r- value: (+): positive correlation, (-): negative correlation
≤0.2: No correlation (P-value >0.05)
>0.2 :  correlation present (P-value ≤0.05)

Figure 1. Change in hepcidin levels in patients and before and after 
hemodialysis.

Discussion.
The current study reveals that the largest age group among HD 

patients was elderly and the mean of age of HD patients was 
57.9 years. In agreement with these finding, Al-Rubaie et al [15] 
in Baghdad found that most of HD patients was old age males 
and the average age of the patients was found to be 50 years. 
The current findings are consistent with Theofilou's study in 
Greece [16], which also demonstrated a significant association 
between older age and end-stage renal disease (ESRD), with a 
mean age of 50.9 years. While our finding was higher compared 
to the mean ages reported in other studies. For instance, the 
study by Rasheed et al [17] in Iraq and Low et al [18] in the UK 
reported mean ages of 31.3 years and 41 years, respectively. 
However, our findings These variations in mean ages across 
different studies might be attributed to differences in sample 
populations, geographical locations, and other factors affecting 
the prevalence of ESRD in different age groups.

In agreement with these finding, Al-Rubaie et al [15] in found 
that haemodialysis patients generally exhibit higher serum 
hepcidin levels compared to individuals in the control group. 
The current results were also consistent with the findings of the 
study conducted by Eleftheriadis et al [19] in Greece, reported 
elevated hepcidin levels in ESRD patients when compared to 
control subjects. The consistency across these studies suggests 
that elevated hepcidin levels are a characteristic feature of 
ESRD patients. 

Moreover, Babitt and Lin [20] found suggested CKD patients 
have impaired absorption of dietary iron and impaired release of 
iron from body stores may be caused by an excess of the key iron 
regulatory hormone hepcidin. Several other studies also provide 
support for the hypothesis that individuals with end-stage renal 
disease (ESRD) tend to have significantly higher levels of 
hepcidin compared to individuals in the control group [21]. In 
hemodialysis patients, the disruption of normal kidney function 
and the inflammatory state associated with end-stage renal 
disease (ESRD) can lead to elevated serum hepcidin levels. This 
dysregulation of hepcidin can contribute to abnormalities in iron 
homeostasis, leading to iron deficiency or iron overload in these 
patients. However, it's important to note that individual variations 
and other factors may influence serum hepcidin levels [22]. 

In line with this finding, Rasheed et al [17] found that 
hemodialysis patients have elevated serum ferritin levels and 
decreased serum iron and TIBC levels. Also, Al-Rubaie et al 
[15] and Low et al [18] in similar studies support the findings 
that hemodialysis patients exhibit elevated serum ferritin levels 
and decreased serum iron and TIBC levels. This aligns with the 
results of the current study, which also demonstrated similar 
alterations in iron markers in hemodialysis patients compared 
to the control group. According to the study conducted by Bross 
et al [23] in the USA, it was noted that in patients with chronic 
kidney disease (CKD), iron deficiency may be paradoxically 
associated with lower Total Iron-Binding Capacity (TIBC) 
values. This is because TIBC serves as the denominator for 
calculating the iron saturation ratio. When iron levels are low, 
the TIBC decreases, resulting in an increased iron saturation 
ratio. This finding suggests the potential paradoxical relationship 
between iron deficiency and lower TIBC levels in CKD patients 
[24-28].

The observed decrease in mean hepcidin levels after dialysis 
was in agreement with the study which done by Zaritsky et al 
[29] who found that hepcidin levels was decrease significantly 
after dialysis. The results of this study provide strong evidence 
that hemodialysis (HD) contributes to the removal of hepcidin 
itself from the bloodstream. These findings are consistent with 
two prior studies that also reported a reduction in mean hepcidin 
levels following dialysis [30,31]. The clear demonstration of 
decreased hepcidin levels after HD supports the understanding 
that the dialysis procedure directly affects the clearance or 
elimination of hepcidin. This reinforces the knowledge that HD 
is capable of effectively removing various substances, including 
both small molecules and proteins, from the blood [32]. The 
observed decrease in mean hepcidin levels after dialysis suggests 
that the dialysis procedure itself may have an impact on hepcidin 
production or clearance in hemodialysis patients. Hepcidin is 
a key regulator of iron metabolism and plays a crucial role in 
controlling iron absorption and distribution in the body. It is 
primarily synthesized and released by the liver [33]. There are 
several potential mechanisms by which dialysis could influence 
hepcidin levels. Firstly, dialysis is known to remove various 
substances from the bloodstream, including small molecules 
and proteins [34]. It is possible that hepcidin, being a relatively 
small peptide (25 amino acids), could be cleared to some extent 
during the dialysis process. This clearance could contribute to 
the reduction in hepcidin levels observed after dialysis [35].
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Secondly, it is important to consider the impact of uremia, a 
condition characterized by the accumulation of uremic toxins 
in the blood due to kidney dysfunction. Uremia is common in 
patients with end-stage renal disease who require hemodialysis 
[36]. Studies have shown that uremia can disrupt normal hepcidin 
regulation, leading to elevated hepcidin levels. Hemodialysis, by 
removing uremic toxins, may help restore hepcidin regulation to 
a more physiological state, resulting in decreased hepcidin levels 
[37,38]. In contrast to the observed decrease in hepcidin levels 
after hemodialysis (HD), Yamamoto et al [39] study found no 
significant difference in the reduction rate of hepcidin between 
pre and post HD. These results suggest that the HD procedure 
did not have a substantial impact on hepcidin clearance. A 
previous pilot study reported no significant difference in 
hepcidin clearance following dialysis [40]. It is important to 
note that hepcidin clearance during dialysis can be influenced 
by various factors, including the dialysis membrane properties, 
dialysate composition, and individual patient characteristics. 
In addition to hepcidin, other markers including adiponectin, 
obestatin, and cytokine should be considered in patients with 
CKD [41-43].
Conclusion.

In conclusion, this study provided valuable insights into 
the levels of serum hepcidin, ferritin, iron, total iron-binding 
capacity (TIBC), and hemoglobin in hemodialysis (HD) 
patients compared to a control group. The findings revealed that 
HD patients had significantly higher levels of serum hepcidin, 
and ferritin, indicating potential involvement in inflammation 
and iron metabolism dysregulation. Conduct additional studies 
with larger sample sizes to validate the observed associations 
between serum hepcidin, ferritin and iron, levels in hemodialysis 
patients. Longitudinal studies can provide insights into the 
temporal changes and clinical implications of these biomarkers.
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