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Beta-thalassemia major (B-TM) is an inherited blood disorder characterized by ineffective erythropoiesis and chronic anemia, which often
necessitates blood transfusions. Beyond iron overload, disturbances in calcium and phosphorus metabolism contribute significantly to skeletal
complications in these patients.

Aim. This study investigates the relationship between iron and bone metabolism markers in children with 8-TM to optimize the correction of iron
overload and related complications.

Material and methods. A cohort of 30 children aged 6-11 years with -TM, receiving regular blood transfusions, was compared to 25 age-
matched healthy controls (control group). Blood samples were analyzed for markers of calcium and phosphorus metabolism, including serum
calcium, phosphorus, vitamin D, and fibroblast growth factor 23 (FGF-23) levels, along with iron metabolism markers such as ferritin, hepcidin, and
ferroportin.

Results. Significant findings include elevated serum ferritin and iron levels in B-TM patients, along with a decrease in hepcidin (p<0.001).
Vitamin D deficiency (p<0.001) was observed, correlating with increased FGF-23 levels (p<0.05). These findings suggest a reciprocal
relationship between calcium and phosphorus, and iron metabolism in B-TM.

Conclusion. The results highlight the critical interplay between iron and bone metabolism in B-TM. FGF-23 could serve as a key marker for bone
metabolism disturbances, and the regulation of hepcidin and ferroportin may offer insights into managing iron overload and related complications.
The research was carried out in accordance with the principles of the Declaration of Helsinki. The informed consent of the patients was obtained
for conducting the studies.
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KanbuieBuin Ta 3anisHuii oOMiH y pgiTeli i3 Benukolo 6eTa-Tanacemiero
G.E. Hamidova.2, G.Il. Azizoval, I.J. Shahverdiyeva, G.A. Jafarova’

TA3ep6anxxaHCbK1in MeaYHUIA YHIBEPCUTET, M. baky

2International Prime Hospital, m. Baky, Asep6anoxaH

Benvka beta-tanacemis (B-TM) — Le cnajkoBe 3axBOPIOBAHHSA KPOBI, LLO XapakTepu3yeTbCs HEEDEKTUBHUM EPUTPONOE30M | XPOHIHHOIO
aHeMI€el0, fKka 4acTo NoTpebye PerynsgpHnX reMoTpaHcdyain. OKpiM NepeBaHTaxXeHHs 3ani30M, NOPYLLEHHS KanbLieBO-MOCHOPHOrO 0OMIHY
CYTTEBO CMNPUAIOTL PO3BUTKY CKENETHMX YCKNAAHEHD Y LVX NaLIEHTIB.

MeTa - BrBUYEHHS B3aEMO3B’ 13Ky MixX MOoKa3HvKamu 0OMiHy 3aida Ta Mapkepamm KicTKOBOro Metaboniamy B Aitert i3 B-TM ans ontumisattji
KOpEeKL|i nepeBaHTaxeHHs 3ani30M i NOB'A3aHNX YCKNaaHEHb.

MaTepianu Ta metoam. Y aocnigxerHi oxonnerHo 30 aiten sBikom 6-11 pokis i3 B-TM, siki OTprMyBanu perynspHi remoTpaHcdyaii, Ta
25 nNpakTMyHO 3A0POBKMX AiTel BiANOBIAHOIO BiKy (KOHTPOMbHA rpyna). Y 3paskax KPOBi BU3HAYaIM NOKA3HWKM KanblieBO-(OOCHOPHOro
06MiHy, 30Kpema piBeHb KanbLilo, docdopy, BiTamiHy D Ta daktopa pocty ¢ibpobnactie 23 (FGF-23), a Takox mapkepy 0OMiHy 3anisa
(bepnTnH, rencnamH i GeponopTuH).

Pe3ynbTaTtn. Y nauienTis i3 f-TM BUABNEHO AOCTOBIPHE MiABULLEHHSA PIBHA GEPUTVHY Ta CYPOBATKOBOMO 3asli3a, a TakoXx 3HVKEHHS
piBHSA rencuanHy. BetaHoBneHo aediumt sitaminy D, wo kopenioas i3 nigBuweHnm pisHem FGF-23 (p<0,05). OTprmMani faHi ceinyars npo
B3aEMO3B'A30K MiX Ka/lbLIiEBO-POCHOPHMM Ta 3ai3HM 0OMIHOM npu B-TM.

BUCHOBKM. Pesynbrary NigkpecnioloTs BaxXIMBY B3aEMOLjI0 Mix 0OMIHOM 3anida Ta KicTkoBuMm Metaboniamom npu B-TM. FGF-23 moxe
PO3MAAATUCA AK KIIOHOBMI MAPKEDP MOPYLUEHb KICTKOBOrO OOMIHY, & perynauis rencuamHy 1a GeponopTyHy BiOKPVIBAE NEPCNEKTUBK 014
onTUMI3aLi KOpeKLLi NnepeBaHTaXEeHHs 3ai30M | NOB'A3aHMX YCKNaOHEHb.

JlocnipgXeHHs BUKOHaHO BIANOBIAHO A0 NPUHLMNIB [eNbCiHCLKOI Aeknapadji. Ha npoBeaeHHs A0CNiAXEeHb OTPMMAHO iIHPOPMOBAaHY 3rofay
6aTbKiB NaLieHTIB.

ABTOPW 3a4BNAIOTL NPO BIACYTHICTb KOHMAIKTY IHTEPECIB.

Knto4ogi cnoBa: p-tanacewmia major, BitamiH D, rencvanH, deponoptuH, daktopa pocty dibpobnacTis 23 (FGF-23).

halassemia is a prevalent inherited blood dis- hemoglobin production, leading to an imbalance
order, particularly common in regions with in globin chain synthesis and ineffective erythro-
high malaria incidence, such as the Mediterranean, poiesis. This results in chronic anemia, which re-
the Middle East, and parts of Asia. The condition quires frequent blood transfusions to maintain ad-
results from mutations in the genes responsible for equate hemoglobin levels. In addition to iron over-
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load, which is a hallmark of thalassemia, distur-
bances in calcium and phosphorus metabolism play
a critical role in the pathophysiology of the disease.
The early diagnosis of hereditary metabolic diseases
in children plays a critical role in preventing severe
outcomes and improving quality of life [4,5].

The imbalance in calcium and phosphorus meta-
bolism contributes to the skeletal complications seen
in patients with thalassemia, such as osteopenia, os-
teoporosis, and deformities, especially in the cranio-
facial bones. Over time, patients with thalassemia
exhibit characteristic bone changes, particularly in
the facial bones of the skull, as a result of metabolic
disturbances. As per the World Health Organization
(WHO), thalassemia affects around 300,000 indivi-
duals globally, with over 250 million carriers of the
disease. Among these, homozygous beta-thalassemia
(B-TM) presents more severe clinical manifestations
compared to other forms of the disease [1,12].

In thalassemia, iron accumulation occurs due to
repeated blood transfusions, leading to a substantial
body iron overload, which can cause damage to vital
organs such as the heart, liver, and endocrine glands.
While iron overload is the primary concern, cal-
cium and phosphorus disturbances significantly exa-
cerbate skeletal issues in these patients. The rela-
tionship between iron metabolism and bone meta-
bolism remains an area of active research, particu-
larly in the context of new biomarkers that could
provide insight into these complex processes [2,3].

Iron metabolism in thalassemia is regulated by
hepcidin, a key hormone that controls iron home-
ostasis by inhibiting iron absorption in the gut
and promoting iron sequestration in macrophages.
Hepcidin levels are often elevated in iron overload
conditions but can also be influenced by inflam-
matory processes, which are common in chronic
diseases such as thalassemia. Ferroportin, another
critical protein in iron export, also plays a signifi-
cant role in regulating systemic iron levels, and its
dysfunction can contribute to the dysregulation of
iron homeostasis in patients with thalassemia [7].

Recent research has also highlighted the role of
Fibroblast Growth Factor 23 (FGF-23) in bone
metabolism. FGF-23 regulates phosphate meta-
bolism by inhibiting phosphate reabsorption in the
kidneys, which may have implications for bone
health, particularly in the context of chronic dis-
eases like thalassemia. Elevated FGF-23 levels have
been observed in patients with bone metabolism
disturbances, including those with thalassemia [6].

This study aims to explore the relationship be-
tween markers of iron metabolism, specifically hep-
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cidin and ferroportin, and bone metabolism mar-
kers, such as FGF-23, in children with major
B-TM. By examining these relationships, we seek
to gain a better understanding of the metabolic
disturbances in thalassemia and to improve the di-
agnostic tools available for monitoring bone health
and the effectiveness of treatments in these pa-
tients. This research is essential for advancing our
understanding of the complex metabolic disrup-
tions in thalassemia and developing better man-
agement strategies for these patients.

Material and methods of the study

The cohort study consisted of 30 children aged
6—11 years (Main group) who received treatment
at the Thalassemia Center of the Republic of
Azerbaijan from 2021 to 2023. The Control group
included 25 healthy children of the correspond-
ing age.

The indicators of calcium and phosphorus me-
tabolism, alongside iron metabolism, were assessed
in the children included in the study. Furthermore,
the levels of hepcidin, ferroportin, and FGF-23
proteins in blood serum were determined.

Blood samples were analyzed at the Scientific
Research Laboratory of the Department of Biolo-
gical Chemistry at Azerbaijan Medical University.
The general blood analysis parameters were deter-
mined using the impedance method. The levels of
iron, calcium, and phosphorus minerals in blood
serum were measured by the colorimetric me-
thod using reagent kits from the «Human» com-
pany (Germany). The levels of ferritin, hepcidin,
ferroportin, and FGF-23 proteins in blood serum
were determined by the «ELISA» method, and
measurements were performed using the «Star
Fax» immunoferment analyzer.

Statistical analysis of the data was carried out
using the SPSS-16 program with standard me-
thods of descriptive statistics. During the statis-
tical processing of the obtained results, the Fisher
and Wilcoxon—Mann—Whitney criteria were also
used. Continuous variables are presented as mean
+ standard deviation (M=SD). Statistical signifi-
cance was set at p<0.05.

The research was carried out in accordance
with the principles of the Declaration of Helsinki.
The informed consent of the patients was obtained
for conducting the studies.

Results of the study and discussion
Among the children in the Main group (n=30)
included in the study, 3 (10%) received transfu-
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sions once a month, 21 (70%) received transfu-
sions twice a month, and 6 (20%) received transfu-
sions 3—4 times a month at the Thalassemia Cen-
ter of the Republic of Azerbaijan. All children were
regularly prescribed calcium or vitamin D supple-
ments by a hematologist.

Of the 24 (80%) children with splenomegaly,
18 (75%) also exhibited hepatomegaly.

Before each transfusion, a complete blood
count and the levels of iron, ferritin, calcium,
and phosphorus in the blood serum were inves-
tigated for all children included in the study.
In all children of the Main group, the hemo-
globin levels were found to be below normal,
while the serum iron and ferritin levels were
higher than the internationally accepted nor-
mative values.

Hypocalcemia and hypophosphatemia were ob-
served in 12 (40.0%) children and 1 (3.3%) child,
respectively, in the Main group. Vitamin D levels
were found to be below normal in the entire patient
group. Specifically, mild deficiency was observed in
12 (40.0%) children, moderate deficiency in
8 (26.7%) children, and severe deficiency in
10 (33.3%) children. According to internatio-
nally accepted standards, a vitamin D level of 20—
30 ng/ml is considered mild deficiency, 10—
20 ng/ml is moderate deficiency, and below
10 ng/ml is considered severe deficiency. The
vitamin D level in the Main group was 16.7+
1.42 ng/ml, ranging from 5.1 to 28.5 ng/ml. This

was 2.2 times lower (p<0.001) compared to the
healthy control group (see Table).

The study found that children with B-TM
had significantly higher serum ferritin (1233+
25.6 ng/ml) and iron levels (26.8+1.6 pg/L) com-
pared to controls (96.2£15.3 ng/ml and 102+
0.5 pg/L, respectively). Hepcidin levels were signifi-
cantly lower in the study group (6.2£0.3 ng/ml vs.
18.1£0.5 ng/ml, p<0.001), supporting the hypothe-
sis of reduced iron regulation. FGF-23 levels were
also significantly higher in B-TM patients (128.2+
2.4 pg/ml vs. 56.1£1.8 pg/ml, p<0.001), suggesting a
disturbance in phosphate metabolism.

The level of FGF-23 protein in the serum of
the Main group was found to be 2.3 times higher
(p<0.001) compared to the Control group. No statis-
tically significant difference (p=0.621) was observed
in the levels of ferroportin, a representative of mem-
brane proteins, when compared to the control group.

In patients with severe B-TM, increased se-
rum iron and ferritin levels are accompanied by
a decrease in hepcidin. It is hypothesized that
this reduction in hepcidin is related to a de-
creased absorption of iron from the duodenal
villi through a feedback mechanism. This can
be considered a disruption in the regulation of
iron metabolism. The lack of a statistically sig-
nificant difference in ferroportin levels further
confirms that the decrease in hepcidin, without
membrane damage to cells, facilitates its com-
pensatory mechanisms [9,10].

Table

Iron and calcium metabolism parameters in children aged 0-5 receiving transfusions with severe
p-thalassemia, M+m (min.—-max.)

Parameters Main group (n=30) Control group (n=25) p - value
Hemoglobin (g/dL) 9.3+0.1 13.94+0.05 <0.001
(8.2-10.4) (13.6-14.3)
Ferritin (ng/ml) 1233.0+25.6 96.2£15.3 <0.001
(931.2-1655.1) (76.2-114.6)
Fe' (ug/L) 26.8+1.6 10.2+0.5 <0.001
(18.7-36.2) (9.2-12.6)
250H-D Vitamin (ng/ml) 16.7+1.42 37.4+1.2 <0.001
(5.1-28.5) (32.4-49.5)
Ca*" (mg/dL) 8.4+0.2 9.2+0.3 <0.01
(7.3-9.0) (8.5-9.8)
P (mgdL) 4.2+0.6 4.6+0.3 0.135
(3.5-5.0) (4.3-5.0)
Hepsidin (ng/ml) 6.240.3 18.1+0.5 <0.001
(3.1-12.2) (12.5-25.6)
Ferroportin (pg/ml) 0.224+0.05 0.17+0.03 0.621
(0.16-0.23) (0.11-0.17)
FGF-23 (pg/ml) 128.2+2.4 56.1+1.8 <0.001
(96.7-161.1) (40.3-66.5)

Note: p — statistical significance of the difference compared to the Control group.
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Some studies have found a correlation between
vitamin D deficiency and elevated levels of FGF-23,
suggesting that it is directly associated with distur-
bances in calcium and phosphate metabolism. High
levels of FGF-23 could be used as a valuable labo-
ratory marker by hematologists to assess bone meta-
bolism in patients [7,11].

Neonatal screening programs play an essential
role in the early diagnosis of hereditary metabolic
diseases, such as B-TM, enabling timely interven-
tion to prevent severe health complications. As
highlighted in T.V. Holota's review on neonatal
screening, integrated programs provide a modern
approach to the early detection of such condi-
tions, which can lead to more effective treatment
strategies and improved outcomes for patients,
particularly in managing the disruptions in iron
and bone metabolism observed in patients with
major B-TM [4].
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Conclusions

Thus, the findings of this study may lead to
several practical recommendations. The determi-
nation of hepcidin and ferroportin levels, alongside
iron metabolism indicators in children with severe
major B-TM, could contribute to a deeper under-
standing of the molecular mechanisms behind the
accumulation of excessive iron in the body and
may assist in future advancements in treatment.

This study provides significant insights into the
relationship between iron and bone metabolism
in children with major B-TM. The results suggest
that iron overload and calcium and phosphorus dis-
turbances, particularly through the modulation of
FGF-23 and hepcidin, play pivotal roles in the
pathophysiology of the disease. Monitoring these
biomarkers can aid in the early detection of bone
health issues and improve therapeutic strategies.

The authors declare no conflict of interest.

1. Asadov C, Aliyeva G. (2025). Beyond anemia: unraveling neutro-
phil defects and infection susceptibility in B-Thalassemia. Blood
research. 60(1): 58. https://doi.org/10.1007/s44313-025-
00108-z.

2. Askerova T, Hasanzade N, Qafarov I. (2022). Evaluation of fer-
ritin levels during iron overload in children with transfusion-de-
pendent B-thalassemia. Azerbaijan Medical Journal. (1): 32-37.
https://doi.org/10.34921/amj.2022.1.005.

3. Dadashova A. (2025). The impact of hyperhomocysteinemia
on the immune system in BO-talassemia patients. Azerbai-
jan Medical Journal. (1): 94-99. https://doi.org/10.34921/
am;j.2025.1.016.

4. Holota TV. (2024). An effective integrated program of neonatal
screening - as a modern direction of diagnosis of hereditary
metabolic diseases in children (literature review). Ukrainian
Journal of Perinatology and Pediatrics. 1(97): 91-96. https://doi.
org/10.15574/PP.2024.97 .91.

5. llika VV, Lazaruk OV, Garvasyuk OV, Namestiuk SV, Koza-
riichuk NY et al. (2025). Some histochemical features of pro-
teins of deciduocytes of the basal plate of the placenta in
chronic basal deciduitis against the background of iron-de-
ficiency anaemia in pregnant women. Ukrainian Journal of
Perinatology and Pediatrics. 2(102): 19-25. doi: 10.15574/
PP.2025.2(102).1925.

6. Jafri L, Jameel FA, Moiz B, Sheikh A, Majid H, Nadeem S et al.
(2025) Factors associated with phosphate homeostasis in chil-
dren with beta-thalassemia major: An analytical cross sectional

study from Pakistan. PLoS One. 20(2): e0316566. doi: 10.1371/
journal.pone.0316566.

7. LiZ,Yao X, Zhang J, Yang J, Ni J, Wang Y. (2024) Exploring the

bone marrow micro environment in thalassemia patients: po-
tential therapeutic alternatives. Frontiers in immunology. 15:
1403458. https://doi.org/10.3389/fimmu.2024.1403458.

8. Lima F, Monier-Faugere MC, Mawad H, David V, Malluche HH.

(2023). FGF-23 and sclerostin in serum and bone of CKD
patients. Clinical nephrology. 99(5): 209-218. https://doi.
org/10.5414/CN111111.

9. Panakhova M, Askerova H. (2025) Diagnostic value of liver elas-

tography in children with B-thalassaemia. Azerbaijan Medical
Journal. (3): 85-88. https://doi.org/10.34921/am;j.2025.3.15.

10. Saad HM, Abd Rahman AA, Ab Ghani AS, Taib WW, Ismail |, Jo-
han MF et al. (2022) Activation of STAT and SMAD Signaling
Induces Hepcidin Re-Expression as a Therapeutic Target for
B-Thalassemia Patients. Biomedicines. 10(1): 189. https://doi.
org/10.3390/biomedicines10010189.

11. Saki F, Salehifar A, Kassaee SR, Omrani GR. (2020) Association
of vitamin D and FGF23 with serum ferritin in hypoparathyroid
thalassemia: a case control study. BMC Nephrol. 21(1): 482.
doi: 10.1186/s12882-020-02101-3.

12. TuoY, LiY, LiY, Ma J, Yang X et al. (2024, May 6). Global, regio-
nal, and national burden of thalassemia, 1990-2021: a system-
atic analysis for the global burden of disease study 2021. ECIi-
nicalMedicine. 72: 102619. doi: 10.1016/j.eclinm.2024.102619.
PMID: 38745964; PMCID: PMC11090906.

Bigomocri npo aBropiB:

Hamidova Gulnara Eldar - acnipaHTka kad. Gioximii A3ep6aiiaxaHCbkoro MmeanyHoro yHisepcutety. E-mail: gulnara.hamidova@primehospital.az.

https://orcid.org/0009-0003-0742-0091.

Azizova Gulnara Ibrahim - g.megn.H., npod., 3aB. kad. Gioximii A3ep6ainaxaHCbkoro MeauyHoro yHisepcutety. E-mail: gezizova@amu.edu.az.

https://orcid.org/0009-0007-9334-2315.

Shahverdiyeva llaha Jamshid - ct.H.c. kad. Gioximii A3epbaiiaxaHcbkoro MeauyHoro yHisepcuteTy. E-mail: i.shahverdiyeva@amu.edu.az.

https://orcid.org/0000-0003-3368-1124.

Jafarova Gulnara Alisha - c1.H.c. kad. Gioximii A3ep6aiiaxaHCbkoro MeanyHoro yHisepcutety. E-mail: xeyalcafarov4@gmail.com. https://orcid.org/0000-0001-8318-7920.

CratTts Hagiviwna no pepakuii 02.01.2026 p.; npuiiHata go apyky 16.02.2026 p.

66

ISSN: 2706-8757 YkpaiHcbkuii xxypHan MepuHaTtonoria i Mepiatpia 1(105) 2026





