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ABSTRACT

Introduction and aim. Chronic kidney disease (CKD) is a global health burden, with iron deficiency (ID) being a prevalent but
under-diagnosed comorbidity. Traditional biomarkers, such as serum ferritin and transferrin saturation, are confounded by in-
flammation, which limits diagnostic accuracy. Hepcidin, a key regulator of iron homeostasis, offers potential as a reliable bio-
marker; however, data from low- and middle-income countries (LMICs), including Iraq, remain scarce. This study assessed the
diagnostic utility of hepcidin for CKD and its association with iron dysregulation in Iraqi adults, addressing regional gaps in
biomarker validation and clinical application.

Material and methods. This case-control study (September 2024-February 2025) recruited 60 patients with CKD (stages 2-4)
and 40 age-and sex-matched healthy controls. The exclusion criteria were recent transfusions, infections, or iron therapy. Se-
rum hepcidin, ferritin, iron, Total Iron-Binding Capacity (TIBC), transferrin, and renal function indices were analyzed via en-
zyme-linked immunosorbent assay and standardized assays.

Results. CKD patients exhibited significantly elevated hepcidin (39.8+23.1 vs. 13.7+4.8 pg/mL, p<0.001) and ferritin (246+128 vs.
160461 ng/mL, p<0.001) but lower serum iron (12.38+3.1 vs. 118+33.5 pg/dL, p<0.001), TIBC (347+109 vs. 385+62 ug/dL, p=0.004),
and transferrin levels (224474 vs. 258+39 mg/dL, p=0.005) than controls. Hepcidin levels increased progressively with CKD stage
(p<0.001) and correlated strongly with eGFR (r=-0.800, p<0.001) and serum creatinine (r=0.702, p<0.001). At a cut-off of >25 pg/mL,
hepcidin demonstrated 80% sensitivity and 100% specificity for CKD diagnosis, with an AUC of 0.86 (95% Cl: 0.78-0.92, p<0.001).
Conclusion. Hepcidin demonstrated high diagnostic accuracy for CKD and was a superior indicator of iron metabolism dysreg-
ulation compared to traditional biomarkers. Its utility in resource-limited settings, such as Iraq, could enhance early CKD detec-
tion and guide management strategies, thereby addressing critical gaps in LMIC healthcare.
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Introduction

Chronic kidney disease (CKD) is a worldwide public
health burden, affecting approximately 10% of the popu-
lation. CKD is a progressive condition that leads to irre-
versible decline in renal function and is associated with
cardiovascular diseases, anemia, and elevated mortality.
iron deficiency (ID) is a frequently overlooked comor-
bidity in CKD."? Inappropriate dietary intake, chronic

inflammation, and systemic and renal signs of impaired
iron utilization contribute to the pathogenesis of ID in
CKD. ID leads to anemia of chronic inflammation, a fre-
quently occurring condition in patients with CKD, con-
tributes to reduced oxygen supply, worsens weariness,
and deteriorates quality of life.*”

The coexistence of CKD and ID is unacceptably high.
Studies have reported that the prevalence of ID among
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patients with non-dialysis CKD ranges from approxi-
mately 25% to 50%, with the proportion increasing as
CKD progresses to more advanced stages.’ For example,
one study found that 47.1% of non-dialysis CKD patients
had ID, and another study identified ID anemia in 38.8%
of pre-dialysis CKD patients. The prevalence of anemia,
often due to ID, was nearly 40% among non-dialysis-de-
pendent CKD patients in a large European cohort, and
the rates increased with worsening CKD stage.” In low-
and middle-income countries (LMICs), including Iraq,
the clinical burden of this dual pathology is exacerbat-
ed by limited access to advanced diagnostics and effective
therapies.® The Middle East and North Africa (MENA)
region, for example, continues to experience a high bur-
den of ID, with more than 88 million cases reported in
2021 and little improvement in recent decades.’

In healthy individuals, iron homeostasis is a tightly
regulated process primarily orchestrated by the hepatic
peptide hormone hepcidin. Hepcidin, a 25-amino-acid
peptide produced by the liver, serves as the master regu-
lator of systemic iron availability.'® It maintains the iron
balance by binding to and inducing the degradation of
the iron exporter ferroportin, which is present on the
surface of enterocytes in the intestine, macrophages in
the reticuloendothelial system, and hepatocytes. This
action reduces both intestinal iron absorption and the
release of recycled iron from macrophages, thereby low-
ering plasma iron levels."

Modern biomarkers, such as hepcidin, allow poten-
tial improvement of diagnostic accuracy and therapeutic
monitoring when dealing with ID associated with CKD."?
The main problem with traditional markers such as se-
rum ferritin and transferrin saturation (TSAT) is that the
former is severely affected by inflammation, while TSAT
does not provide the necessary specificity, inevitably
leading to misclassification of the iron status.”* In con-
trast, hepcidin directly represents the body iron-regula-
tory experience and level of inflammation. Consequently,
hepcidin is a reliable marker of functional ID in CKD pa-
tients."* Modern research has revealed that elevated lev-
els of hepcidin indicate the pathology of the filtration
rate, and the patient will be affected by an inability to re-
act to iron therapy." Existing research on hepcidin’s role
in iron metabolism dysregulation in CKD predominant-
ly stems from high-income settings, with limited data
from LMICs, such as Irag, where diagnostic constraints
and high clinical burden coexist.*'¢ Traditional biomark-
ers (e.g., serum ferritin and TSAT) are confounded by in-
flammation and lack specificity, underscoring the need
for contextually validated alternatives.

Aim

This study aimed to assess the diagnostic utility of hepci-
din as a biomarker for CKD and its associated iron dysreg-
ulation in Iraqi adults, address the regional research gap,

and explore its potential to enhance diagnostic accuracy
and therapeutic strategies in resource-limited settings.

Material and methods

This case-control study was conducted between Sep-
tember 2024 and February 2025, recruiting participants
from the nephrology outpatient clinics of a Diwaniyah
Teaching Hospital. A total of 60 adult patients (aged 18-
80 years) with non-dialysis CKD stages (2-4), as de-
fined by the KDIGO 2012 Clinical Practice Guideline
based on estimated glomerular filtration rate (eGFR)",
and 40 age- and sex-matched healthy controls were en-
rolled. Patient eligibility required stable renal function
(no greater than a 25% change in eGFR over the preced-
ing 3 months). Key exclusion criteria for the CKD group
included a history of blood transfusions within the past
3 months, iron supplementation or erythropoiesis-stim-
ulating agent (ESA) use within the past 4 weeks, and the
presence of active infection or significant inflammation
(C-reactive protein 210 mg/L). Patients with end-stage
renal disease (ESRD) on dialysis, recent kidney trans-
plants (<6 months), or polycystic kidney disease were
also excluded. The sample size was determined as a con-
venience sample based on patient availability and logis-
tical constraints during the study period.

Healthy controls, rigorously age- and sex-matched
to the CKD participants, underwent screening to con-
firm normal kidney function (eGFR =90 mL/min/1.73
m?® without proteinuria or hematuria), adequate he-
moglobin levels, and the absence of chronic illnesses,
inflammation, or iron abnormalities, with health assess-
ments conducted according to STROBE guidelines; this
screening was expanded to specifically require CRP lev-
els <5 mg/L, normal iron status (ferritin >30 ng/mL and
TSAT >20%), no chronic comorbidities (including di-
abetes, cardiovascular disease, or liver disease), and a
BMI <30, while lifestyle factors such as smoking and al-
cohol use were recorded but were only exclusionary if
deemed clinically significant.

Biochemical assessments

Venous blood samples (approximately 8 mL) were col-
lected from all participants in the morning after an
overnight fast (10-12 hours) into plain serum separator
tubes. Samples were allowed to clot at room tempera-
ture for 30 minutes and were subsequently centrifuged
at 3000 rpm for 10 minutes. The separated serum was
aliquoted into sterile cryovials and stored at -80°C until
analysis. All samples were analyzed within one month of
collection and underwent a single freeze-thaw cycle to
preserve analyte integrity.

Serum urea, creatinine, iron, ferritin, TIBC, and
high-sensitivity C-reactive protein (hs-CRP) were an-
alyzed using a Roche Cobas ¢501 automated analyzer
(Roche Diagnostics, Basel, Switzerland). Transferrin lev-
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els were quantified using a commercial enzyme-linked
immunosorbent assay (ELISA) kit (Human Transferrin
ELISA Kit, Elabscience®, Catalog No: E-EL-H6298). Se-
rum hepcidin was measured using a commercially avail-
able competitive ELISA kit (Human Hepcidin ELISA Kit,
Elabscience®, Catalog No: E-EL-H6202) with a detection
range of 0.78-500 pg/mL and a sensitivity (limit of detec-
tion, LOD) of 9.4 pg/mL. Hemoglobin levels were deter-
mined using a Sysmex XN-1000 automated hematology
analyzer (Sysmex Corporation, Kobe, Japan).

All assays were performed in duplicate according to
the manufacturers’ instructions. Internal quality control
materials provided by the respective kit manufactur-
ers were included in each assay run. The intra- and in-
ter-assay coeflicients of variation (CV) for the hepcidin
ELISA were 4.8% and 7.3%, respectively. The laboratory
participates in an external quality assurance scheme for
routine biochemistry parameters.

Anemia was defined as a hemoglobin concentration
<13 g/dL for men and <12 g/dL for women. Absolute
iron deficiency (ID) was defined as a serum ferritin level
<100 ng/mL. Functional iron deficiency (FID) was de-
fined as a serum ferritin level between 100-500 ng/mL
combined with a transferrin saturation (TSAT) <20%.

Ethical approval

This study was conducted in accordance with the ethical
rules of medical research at the University of Al-Qadisi-
yah, collage of medicine. Before sampling, the consent
of the patient or his companion was taken. The study
protocol, subject Information and approval form were
reviewed and approved by the clinical chemistry unite of
the laboratory in al Diwaniyah Teaching Hospital accor-
dance with Document No. 472130 dated (29/10/2024)
to obtain this approval.

Statistical analysis

Statistical analyses of the demographic and clinical char-
acteristics of the individuals diagnosed with CKD were
performed using GraphPad Prism® (version 9.0 Graph-
Pad Software, San Diego, CA, USA). Continuous vari-
ables were analyzed using independent-sample t-tests
(a), whereas categorical variables were evaluated using
the Chi-square test (b). For datasets comprising more
than two groups, one-way analysis of variance (ANO-
VA) was implemented, followed by Tukey’s post-hoc test
for specific pairwise comparisons.

Results

Table 1 compares the demographic features age, sex, and
BMI and key clinical biomarkers hemoglobin, CRP, se-
rum creatinine, blood urea, and eGFR between 60 CKD
patients and 40 healthy controls. CKD patients exhib-
ited significantly lower hemoglobin, higher CRP, ele-
vated serum creatinine/blood urea, and reduced eGFR

than controls (p<0.001). The CKD stages were distrib-
uted as follows: stage 2 (21.6%), stage 3a (27%), stage 3b
(23.4%), and stage 4 (28%).

Table 1. Demographic and clinical characteristics of CKD
patients and healthy controls*

Demographic & biomarker CKD patients Healthy control p

features (n=60) (n=40)
Age (years) Mean£SD  53.50+19.4 51.46+17.3 0.6°
Gender Male 3 22 04°
Female 29 18
BMI (kg/m?) Mean+SD  25.24+4.6 26.3+3.9 03°
Hemoglobin (g/dL) Mean+SD  9.72+0.85 14.1£1.2 <0.001°
CRP (mg/L) Mean+SD 29+13.4 26+1.7 <0.001°
Serum creatinine (mg/dL) Mean=SD 41+1.6 0.91+0.2 <0.001°
Blood urea (mg/dL) Mean+SD ~ 108.9+38.6 30.1£7.5 <0.001°

eGFR(mL/min/1.73m?)  MeanSD 4544226 108+7.9 <0.001°
Stages among patients Stage 2 13(21.6) -

Stage 3a 16 (27) -

Stage 3b 14(23.4) -

Stage 4 17 (28) -
*2 _ independent sample t-test, ® — Chi-square

Table 2 highlights the differences in iron-related
biomarkers between patients with CKD and the con-
trols. CKD patients had significantly higher ferritin
(p<0.001) and hepcidin (p<0.001) levels, but lower se-
rum iron (p<0.001), TIBC (p=0.004), and transferrin
(p=0.005) levels than healthy individuals, indicating
dysregulated iron homeostasis in CKD (Fig. 1).

Table 2. Iron metabolism biomarkers in CKD patients and
healthy controls*

Demographic and biomarker CKD patients  Healthy control

features (n=60) (n=40)
Ferritin (ng/mL) Mean+SD 2461128 160+61 <0.001°
Serum iron (pmol/L) Mean+SD 12.38+3.1 118+33.5 <0.001°
TIBC (pg/dL) Mean=SD 347£109 385462 0.0042
Transferrin (mg/dL) Mean+SD 224174 258+39 0.0052
Hepcidin (pg/mL) Mean+SD 39.8£23.1 13.7£4.8 <0.001°

*2 —independent sample t-test

100
9
80+ ko -40 3
|
]
S
3]
.20 o
o
@
................................. o 2
@
S
i = -20 ?D
............................... Q
=]
®
I T -40
CKD Control Control
CKD

Fig. 1. Bar chart showing comparison of mean serum
hepcidin among control group and CKD group
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Biomarker levels (ferritin, serum iron, TIBC, trans-
ferrin, and hepcidin) were stratified according to CKD
stage (2-4). Ferritin levels decreased with advancing
stage (p=0.003), whereas hepcidin levels increased sig-
nificantly (p<0.001). TIBC and transferrin levels de-
clined progressively (p<0.001), reflecting worsening
iron availability and inflammation. Post hoc analysis
(Tukey’s test) identified distinct inter-stage differences
(denoted by superscript letters, Table 3, Fig. 2).

Table 3. Variation of serum biomarkers across CKD stages*
Stage of CKD p

and (KD Stage2 Stage3a Stage3b Stage4

(n=13) (n=16) (n=14) (n=17)

Ferritin (ng/mL) Mean+SD 328+107* 206+132° 219+1418 155+116°  0.003
Serum iron (pmol/L) Mean£SD 11.242.7* 10.9+2.7* 7.4+1.6® 10.4+3.0" 0.04
TIBC (pg/dL) Mean+SD 417+68" 3714858 271463 247+98° <0.001
Transferrin (mg/dL) Mean+SD 293+58" 268+61% 203+44¢ 181+71° <0.001
Hepcidin (pg/mL) ~ Mean+SD 13.8+3.9" 35.8+8.2% 29.6+6.8° 68.6+15.8° <0.001
# 0O - one-way ANOVA, * - significant at p<0.05, *** —
significant at p<0.001, statistical analysis was performed
using one-way ANOVA with post-hoc Tukey'’s test for
pairwise comparisons, superscript letters (A, B, C) denote
the results of these pairwise comparisons, groups that do
not share a common letter are significantly different from
each other (p<0.05)
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Fig. 2. Bar chart presenting the distribution of hepcidin
levels among various stages of CKD

Hepcidin demonstrated high diagnostic accuracy
for CKD at a cut-off of >25 pg/mL, with 80% sensitivi-
ty, 100% specificity, 100% PPV, 80% NPV, and an AUC
of 86% (p<0.001). This finding supports the potential of
hepcidin as a biomarker for CKD (Table 4, Fig. 3).

Table 4. Diagnostic performance of hepcidin for CKD
detection*

Biomarkers  Cut-off Sens Spec% PPV NPV Accuracy AUC(95%(l) p

value %
Hepcidin (pg/mL) >25 80 100 100 80 079  86(0.78t00.92) <0.001

* Sens — sensitivity, Spec - specificity, PPV — positive
predictive value, NPV - negative predictive value, AUC —
area under the curve
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Fig. 3. ROC curve chart of hepcidin in CKD

This correlation matrix revealed associations between
iron markers (transferrin, TIBC, ferritin, and hepcidin)
and renal function indices (eGFR and serum creatinine).
Hepcidin levels were strongly correlated with eGFR (r=-
0.800, p<0.001) and serum creatinine (r=0.702, p<0.001),
whereas transferrin and TIBC were positively correlated
with eGFR (r=0.433, p<0.001). Ferritin showed weak as-
sociations with the other parameters (Table 5).

Table 5. Correlation between iron metabolism biomarkers
and renal function parameters in CKD

Transfenrin 0201 0222 043
(mg/dL) p=0.045 p=0.026 p<0.001
TIBC 0201 0222 043
(ng/dL) p=0.045 p=0.026 p<0.001
Hemoglobin | 0201  0.201
(g/d)  p=0.045 p=0.045
Serumiron | 0222  0.222
(pmol/L) p=0.026 p=0.026
eGFR
(mL/min/
173m)
Feritin 0498 0458 -0277
(ng/mL) p<0.001 p<0.001 p=0.005
Hepcddin = -0.519 -0.519
(pg/ml)  p<0.001 p<0.001

0519 031
p<0001 p=0001

0519 0311
p<0.001 p=0.01

0498 -0.504
p<0.001 p<0.001

-0458
p<0.001
0277

p=0005

0433 0433
p<0.001 p<0.001

UM 031 03m 0268 0702
aeatinine 0001 p=0.001 0007 p<0.001
(mg/dL) = p=ol RS
_ = c € =
ES g Ss 5 8 g2 §E 52
= E £ E]
z &
Discussion

These findings revealed notable changes in iron metab-
olism biomarkers across the progressive stages of CKD,
characterized by a gradual reduction in serum ferritin
and transferrin concentrations. These trends underscore
the multifactorial pathophysiology of disruption of iron
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homeostasis in advancing renal dysfunction, reflecting
the interplay between regulatory mechanisms and dis-
ease progression. Current clinical guidelines, including
KDIGO-2012 and ERBP 2013, advocate routine assess-
ment of iron status in patients with CKD, predominant-
ly through ferritin and TSAT measurements.'®* However,
emerging evidence has challenged the reliability of these
biomarkers. A clinical investigation reported that only
12% of hemodialysis patients exhibited normal transfer-
rin levels, with 88% displaying varying degrees of mal-
nutrition (5% severe, 30% moderate, and 53% mild).
This malnutrition-associated hypotransferrinemia may
artificially elevate TSAT values, potentially obscuring
the true iron status in CKD populations."

The interpretation of serum ferritin is further com-
plicated by its dual role as an acute phase reactant. Multi-
ple studies corroborate its elevation during inflammatory
states, a common comorbidity in patients with CKD,
thereby limiting its specificity as an iron storage mark-
er.?? Rashid and Al-Rubaie reinforced this limitation
in an ESRD cohort, where 72.5% exhibited hyperfer-
ritinemia (2300 ng/mL); however, these levels correlat-
ed more strongly with systemic inflammation than iron
stores. Their analysis demonstrated that the combined
TSAT-ferritin assessment achieved only a 47.5% diag-
nostic accuracy for iron status determination in ESRD.?
These diagnostic challenges are further exemplified in the
Al-Mashdali case report, where tissue iron quantification
via T2* magnetic resonance imaging (MRI) revealed sig-
nificant hepatic iron overload despite chronically elevated
serum ferritin levels (>1000 ug/L) without clinical cor-
relates. The apparent paradox of declining ferritin in
advanced CKD stages, contrary to expected inflamma-
tion-driven elevations, may reflect superimposed true ID
from multifactorial etiologies, including malnutrition,
occult gastrointestinal bleeding, or dialysis-related iron
losses. Concurrent reductions in transferrin levels align
with the established pathophysiology of impaired hepat-
ic synthesis in uremia, exacerbated by chronic inflamma-
tion and protein energy wasting.”

The present study indicated that patients with CKD
demonstrated significantly elevated hepcidin levels
compared with healthy individuals, with a pronounced
increase as kidney dysfunction advanced. Hepcidin con-
centrations progressively increased from the early to late
CKD stages, correlating strongly with the disease sever-
ity. A cross-sectional study of 199 non-dialyzed patients
with CKD was conducted to evaluate the relationship
between hepcidin and iron disorders, inflammation,
and hemoglobin levels. They found that hepcidin lev-
els increased as GFR declined, with median values ris-
ing from 23.3 ng/mL in early stage CKD to 36.1 ng/mL
in advanced CKD. Absolute ID (defined as TSAT <20%
and ferritin <40 ng/mL) was associated with significant-
ly lower hepcidin levels (5.0 ng/mL), whereas inflam-

mation combined with normal iron status led to higher
hepcidin concentrations (34.5 ng/mL). The study con-
cluded that hepcidin levels in CKD are independently
influenced by iron status and inflammation, with renal
clearance playing a secondary role.”

Hepcidin demonstrates significant potential as a di-
agnostic biomarker for CKD-associated iron dysregula-
tion. In the present study, a hepcidin threshold (>23.2
pg/mL) yielded robust performance metrics for distin-
guishing CKD patients from healthy controls: 80% sen-
sitivity, 100% specificity, 100% PPV, 85% NPV, and an
AUC of 86%. These findings contribute to the growing
body of evidence exploring hepcidin role in iron homeo-
stasis in CKD. While our study design did not include
a formal analysis against predefined ID thresholds (e.g.,
KDIGO criteria: ferritin <100 ng/mL or TSAT <20%)
to directly compare diagnostic accuracy for ID, the ob-
served strong inverse correlations between hepcidin and
markers of iron availability (serum iron, TIBC, transfer-
rin) support its central role in iron metabolism dysreg-
ulation. Notably, prior studies such as that by Gao et al.
(2023) have reported that hepcidin outperformed ferri-
tin/TSAT combinations for identifying functional iron
deficiency, with high AUC values (0.94) and specifici-
ty (87%), particularly in distinguishing true functional
iron deficiency from inflammation-driven hyperferrit-
inemia.'* The 2023 KDIGO Clinical Practice Guideline
for the Evaluation and Management of Chronic Kid-
ney Disease also highlights the limitations of traditional
markers and acknowledges the emerging role of hepci-
din, though it notes that more evidence is needed before
routine clinical use can be recommended.”

Emerging evidence underscores the critical role of
hepcidin dysregulation in CKD progression and associat-
ed complications. A pivotal study demonstrated that pa-
tients in the highest hepcidin quartile (25.1-80.0 ng/mL)
exhibited a 1.37-fold increased risk of ESKD compared
with those in the lowest quartile. This association fol-
lowed a linear dose-response relationship, persisting even
after adjustment for traditional risk factors, positioning
hepcidin as a novel prognostic biomarker for CKD pro-
gression and as a potential tool for risk stratification.?® The
regulation of hepcidin is further influenced by dialysis
modality, as highlighted by Malyszko et al. Their compar-
ative analysis revealed that peritoneal dialysis (PD) pa-
tients had significantly elevated hepcidin/ferritin ratios,
2.5-fold higher than non-dialysis (ND) and hemodialysis
(HD) cohorts, likely due to sustained intraperitoneal in-
flammation and impaired clearance mechanisms. These
findings suggest that PD-associated inflammation exac-
erbates iron sequestration, emphasizing modality-specif-
ic pathways in hepcidin dysregulation.”

Notably, elevated hepcidin levels are closely associat-
ed with functional iron deficiencies (FID) and subclini-
cal inflammation. In patients with FID, hepcidin levels in
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the highest quartile correlated strongly with hs-CRP lev-
els, implicating iron dysregulation as both a consequence
and driver of inflammatory processes. Importantly, early
CKD stages showed that hepcidin elevation predicts car-
diovascular morbidity, advocating routine monitoring in
early stage patients to mitigate downstream complica-
tions.* Furthermore, reinforcing this interplay, hepcidin
was positively correlated with IL-6, a key inflammatory
cytokine, and inversely correlated with hemoglobin and
glomerular filtration rate (GFR). These associations un-
derscore inflammation-driven hepcidin upregulation as
a central mechanism in iron-restricted erythropoiesis,
worsening anemia, and FID in CKD patients.”
Collectively, these studies delineate hepcidin as a
multifunctional mediator that links iron metabolism,
inflammation, and CKD progression. This elevation re-
flects a vicious cycle of inflammation-driven iron se-
questration, exacerbation of anemia, and accelerated
renal decline. These insights advocate the integration of
hepcidin assessment into clinical practice, particularly
for early risk stratification and personalized iron ther-
apy, while highlighting the need for modality-specific
management strategies for dialysis-dependent patients.

Study limitations

A key limitation of this study, common to many CKD
biomarker investigations, is the absence of a universally
accepted non-invasive gold standard for functional iron
deficiency; while hepcidin demonstrated superior spec-
ificity and stronger correlations with renal function de-
cline compared to current clinical biomarkers (ferritin,
TSAT components), definitive validation against a refer-
ence standard like bone marrow iron was not feasible in
this clinical setting. Furthermore, the study’s cross-sec-
tional design did not account for longitudinal variations
in factors such as dietary iron intake and inflammatory
status over time, which may influence iron biomarker
levels and introduce bias. The use of a single commer-
cial ELISA kit for hepcidin measurement, without in-
ter-assay calibration against a standardized reference,
may also contribute to measurement variability and lim-
it the direct comparability of our absolute values with
those from other studies. Future studies incorporating
such reference validation methods where possible, ac-
counting for dietary and socioeconomic variables, and
conducted on a larger scale, particularly in LMICs, are
warranted to definitively validate hepcidin diagnostic
utility, establish its prognostic value, and determine its
integration into CKD management protocol.

Conclusion

This study established hepcidin as a robust diagnostic
biomarker for iron metabolism dysregulation in CKD,
particularly in Iraqi populations. Elevated hepcidin lev-
els correlate strongly with advanced CKD stages and

renal dysfunction, demonstrating superior specificity
compared to conventional markers. These findings un-
derscore the clinical relevance of hepcidin in regions
with limited diagnostic resources and offer a viable tool
for early ID detection and therapeutic monitoring.

Acknowledgements

We extend our sincere appreciation to the College of
Medicine at the University of Al-Qadisiyah for their un-
wavering support. We are also profoundly grateful to the
participants who actively contributed to this study and
provided invaluable collaboration. Furthermore, we ac-
knowledge the dedication of the esteemed staff mem-
bers at Diwaniyah Teaching Hospital in Al-Qadisiyah
for their commitment and assistance. Lastly, we recog-
nize the significant contributions of all individuals in-
volved in this research endeavor.

Declarations
Funding
No funds were received to fulfil this work.

Author contributions

Conceptualization, M.A.J.T. and H.A.J.A.; Methodol-
ogy, M.A.J.T; Software, M.A.].T.; Validation, M.A.J.T.
and H.A.J.A;; Formal Analysis, MAJT; Investigation,
M.A.].T; Resources, M.A.].T.; Data Curation, M.A.].T,;
Writing - Original Draft Preparation, M.A.].T.; Writing
- Review & Editing, M.A.].T.; Visualization, H.A.J.A;
Supervision, H.A.J.A ; Project Administration, M.A.J.T;
Funding Acquisition, H.A.J.A.

Contflicts of interest
The authors declare that they have no competing inter-
ests.

Data availability

The datasets generated and analyzed during the current
study are not publicly available due to participant priva-
cy and confidentiality concerns but are available from
the corresponding author on reasonable request.

Ethics approval

The study protocol, subject Information and approval
form were reviewed and approved by the clinical chem-
istry unite of the laboratory in al Diwaniyah Teaching
Hospital accordance with Document No. 472130 dated
(29/10/2024) to obtain this approval.

References

1. Kalra PA. Iron deficiency in renal medicine. Iron Clin
Pract. 2025:65-69. doi:10.1002/9781394210916.ch10

2. Vaidya SR, Aeddula NR. Chronic kidney disease. In: Stat-
Pearls [Internet]. StatPearls Publishing; 2024. Accessed
July 1, 2025.



Dysregulation of iron metabolism in chronic kidney disease — hepcidin as a diagnostic biomarker in Iraqi adults — a case-control study 21

10.

11.

12.

13.

14.

15.

16.

Aitken E, Anijeet H, Ashby D, et al. UK Kidney Associa-
tion clinical practice guideline on vascular access for ha-
emodialysis. BMC Nephrol. 2025;26(1):461. doi:10.1186/
s12882-025-04374-y

Yan MT, Chao CT, Lin SH. Chronic kidney disease: strate-
gies to retard progression. Int ] Mol Sci. 2021;22(18):10084.
d0i:10.3390/ijms221810084

Guo M, He E Zhang C. Molecular therapeutics for diabetic
kidney disease: an update. Int ] Mol Sci. 2024;25(18):10051.
d0i:10.3390/ijms251810051

Choukroun G, Kazes I, Dantal ], et al. Prévalence de la ca-
rence martiale dans une population de patients insuffisants
rénaux chroniques non dialysés: étude nationale multicen-
trique observationnelle CARENFER. Néphrol Thérapeut.
2022;18(3):195-201. doi:10.1016/j.nephro.2021.12.003
Minutolo R, Grandaliano G, Di Rienzo P, et al. Prevalen-
ce, incidence, and treatment of anaemia in patients with
non-dialysis-dependent chronic kidney disease: findings
from a retrospective real-world study in Italy. J Nephrol.
2023;36(2):347-357. doi:10.1007/s40620-022-01475-x
George C, Mogueo A, Okpechi, Echouffo-Tcheugui JB, Ken-
gne AP. Chronic kidney disease in low-income to middle-in-
come countries: the case for increased screening. BMJ Glob
Heal. 2017;2(2):¢000256. doi:10.1136/bmjgh-2016-000256
Safiri S, Amiri F, Karamzad N, Sullman MJM, Kola-
hi AA, Abdollahi M. Burden and trends of dietary iron
deficiency in the Middle East and North Africa region,
1990-2021. Front Nutr. 2025;11:1517478. doi:10.3389/
fnut.2024.1517478

Roemhild K, von Maltzahn F, Weiskirchen R, Kniichel
R, von Stillfried S, Lammers T. Iron metabolism: patho-
physiology and pharmacology. Trends Pharmacol Sci.
2021;42(8):640-656. doi:10.1016/j.tips.2021.05.001
Agarwal AK, Yee J. Hepcidin. Adv Chronic Kidney Dis.
2019;26(4):298-305. doi:10.1053/j.ackd.2019.04.005

Roy JE, Kalaiselvi VS, Shanthi B. Study on serum hepci-
din level in chronic kidney disease. Ann Rom Soc Cell Biol.
2021;25(1):2715-2727.

Ustuner B, Bek S, Eren N, Bakirdogen S, Kalender B. Hep-
cidin and Vitamin D Levels: Mutual Effects in Anemia of
Chronic Kidney Disease. Kocaeli Universitesi Saglik Bilim
Derg. 2021;7(2):110-114. doi:10.30934/kusbed.661316
Gao Z, Hu Y, Gao Y, Ma X, Hu Z. The association of hep-
cidin, reticulocyte hemoglobin equivalent and anemia-
-related indicators on anemia in chronic kidney disease.
Medicine (Baltimore). 2023;102(17):¢33558. doi:10.1097/
MD.0000000000033558

Sobh MA, Imam HMK, Seddik MI, Sadek DEM. Role of
Hepcidin as A Predictor for Iron Metabolism Disorders
and Inflammation in Stage 4 Chronic Kidney Disease Pa-
tient with Anemia. Cuest Fisioter. 2025;54(4):4904-4912.
doi:10.48047/CU

Tomasz G, Ewa W, Jolanta M. Biomarkers of iron me-
tabolism in chronic kidney disease. Int Urol Nephrol.
2021;53(5):935-944. d0i:10.1007/s11255-020-02663-z

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Mula-Abed WAS, Al Rasadi K, Al-Riyami D. Estimated
glomerular filtration rate (eGFR): A serum creatinine-ba-
sed test for the detection of chronic kidney disease and its
impact on clinical practice. Oman Med J. 2012;27(2):108-
113. doi:10.5001/0mj.2012.23

Wong MMY, Tu C, Li Y, et al. Anemia and iron deficiency
among chronic kidney disease Stages 3-5ND patients in
the Chronic Kidney Disease Outcomes and Practice Pat-
terns Study: often unmeasured, variably treated. Clin Kid-
ney J. 2020;13(4):613-624. doi:10.1093/ckj/sfz091
Kwiatkowska E, Opara M, Kwiatkowski S, Domanski
L, Marchelek-Myéliwiec M, Ciechanowski K. Is trans-
ferrin saturation a useful marker of iron metabolism
in patients with chronic kidney disease treated with
hemodialysis? Open Urol Nephrol J. 2019;12:1-7. do-
i:10.2174/1874303X01912010077

Zapora-Kurel A, Malyszko J. Novel iron biomarkers in
chronic kidney disease. Wiad Lek. 2021;74(12):3230-3233.
doi:10.36740/WLek202112119

Agarwal AK. Iron metabolism and management: focus on
chronic kidney disease. Kidney Int Suppl. 2021;11(1):46-
58. doi:10.1016/j.kisu.2020.12.003

Fujisawa H, Nakayama M, Haruyama N, et al. Asso-
ciation between iron status markers and kidney out-
come in patients with chronic kidney disease. Sci Rep.
2023;13(1):18278. doi:10.1038/541598-023-45580-8
Rashid RM, Al-Rubaie HA. Evaluation of transferrin sa-
turation and serum ferritin in assessing body iron status
in patients with end stage renal disease. Int J Clin Diagno-
stic Pathol. 2024;7(3):30-36. doi:10.33545/pathol.2024.
v7.i3a.581

Al-Mashdali A, Alyafei T, Yassin M. The Superiority of
T2* MRI Over Serum Ferritin in the Evaluation of Secon-
dary Iron Overload in a Chronic Kidney Disease Patient:
A Case Report. J Blood Med. 2021:665-670. doi:10.2147/
JBM.S319591

Benjamin S, Assounga A. Transferrin levels are as-
sociated with malnutrition markers in hemodialy-
sis patients in KwaZulu-Natal, South Africa. Ren Fail.
2024;46(1):2337292. doi:10.1080/0886022X.2024.2337292
Mercadal L, Metzger M, Haymann JP, et al. The relation of
hepcidin to iron disorders, inflammation and hemoglobin
in chronic kidney disease. PLoS One. 2014;9(6):e99781.
doi:10.1371/journal.pone.0099781

Disease K. KDIGO 2024 Clinical Practice Guideline for
the Evaluation and Management of Chronic Kidney Di-
sease. Kidney Int. 2024;105(4S):S117-S314. doi:10.1016/j.
kint.2023.10.01

Suh SH, Oh TR, Choi HS, et al. Predictive Value of Se-
rum Hepcidin Levels for the Risk of Incident End-Stage
Kidney Disease in Patients with Chronic Kidney Dise-
ase: The KNOW-CKD. Kidney Dis. 2024;10(6):492-503.
doi:10.1159/000542057

Niikura T, Maruyama Y, Nakashima S, et al. Hepcidin/
ferritin ratios differ among non-dialyzed chronic kidney



22

European Journal of Clinical and Experimental Medicine 2026; 24 (1): 15-22

30.

disease patients, and patients on hemodialysis and pe-
ritoneal dialysis. Ther Apher Dial. 2019;23(4):341-346.
doi:10.1111/1744-9987.12773

Sonkar SK, Singh NK, Sonkar GK, et al. Association
of hepcidin and anemia in early chronic kidney dise-
ase. Saudi J Kidney Dis Transpl. 2019;30(2):315-324.
doi:10.4103/1319-2442.256838

31. Sonkar SK, Kumar A, Singh NK, Sonkar GK, Pandey S,
Bhosale V. Role of Hepcidin on Response of Erythropoietin
Stimulating Agents in Anaemic Advanced Chronic Kidney
Disease Patients. J Clin Diagnostic Res. 2018;12(10):0C14-
-OC16. doi:10.7860/JCDR/2018/36051.12142



	OLE_LINK1
	OLE_LINK8
	OLE_LINK10

