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Abstract

Transfusion-dependent B-thalassemia (TDT) is commonly associated with iron overload and multiple endocrine
complications. The aim of the work was to investigate the prevalence and the relationship between pituitary siderosis
assessed by magnetic resonance imaging (MRI T2*) and endocrinopathy in pediatric patients with TDT. Forty-two TDT
patients, ages 10 to 18, were joined in this cross-sectional study from Mansoura University Children's Hospital in Egypt.
Anthropometric evaluation, Tanner staging, laboratory tests and MRI T2* for iron overload assessment were performed.
The mean age was 13.7 years and 54.8% were female. Mean height was 148.6 cm: 16.7%. Mean weight was 41.3 kg; Mean
BMI was 18.3 kg/m2. Hypogonadism (52.4%), short stature (33.3%), and hypothyroidism (26.2%) were the most common
endocrine complications. Mean hepcidin/ferritin ratio was 0.13. MRI T2*: Mean was 21.7 ms. The hepcidin/ferritin ratio
outperformed ferritin and transferrin saturation in terms of accuracy in distinguishing severity levels. Patients with
transfusion-dependent B-thalassemia were more likely to experience hypogonadism, hypothyroidism, and short stature.
Hepcidin/Ferritin ratio was highly correlated with MRI T2* severity. The Hepcidin/Ferritin ratio emerged as the most
accurate non-invasive marker for assessing disease severity and short stature risk.
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1. Introduction

The genetic mutations that cause beta-thalassemia include nucleotide changes, minor insertions or deletions in the -
globin gene, and in rare instances, large deletions. The globin-chain subunits in the hemoglobin tetramer are impacted by
these mutations, which results in an imbalance in the o/fB-globin chain ratio and an excess of free a-globin chains, which
sets off the disease's most significant pathogenic events: Iron overload, compensatory hemopoietic expansion, chronic
anemia/hypoxia, and inefficient erythropoiesis (IE) [1]. An important cause of oxidative stress and membrane damage in
red blood cells (RBCs) is the imbalanced synthesis of a-globin. Furthermore, IE is closely associated with disruption of
iron metabolism, and the importance of novel participants in this pathway, such as erythroferrone, matriptase-2, and
hepcidin, has been revealed [2]. Unbalanced a-globin synthesis causes oxidative stress and membrane damage in RBCs.
Furthermore, IE is closely associated to iron metabolism dysregulation, and the relevance of new actors in this route, such
as hepcidin, erythroferrone, matriptase-2, among others, has revealed [3].

Overexpression of serum hepcidin levels causes iron-restricted anemia, whereas low serum hepcidin levels are known
to improve intestinal iron absorption and decrease iron storage in macrophages, resulting in excess iron. Low serum
hepcidin levels in B-thalassemia patients have been linked to increased iron absorption and overload, according to multiple
investigations. Hepcidin-mediated iron control is clinically important in thalassemia patients because anemia frequently
coexists with iron excess. Hepcidin as a therapeutic target may help regulate iron overload in thalassemia patients [4]. B-
thalassemia patients are now classed as either transfusion-dependent (TDT) or non-transfusion-dependent (NTDT) based
on their severity of phenotypic. This categorization includes different types of thalassemia syndromes such a-thalassemia,
hemoglobin E/B-thalassemia, and combination a- and B-thalassemias [5].

Regular blood transfusions are considered the primary therapy option for TDT patients. Chronic blood transfusion, on
the other hand, increases the risk of iron overload and consequent multi-organ damage, as well as acute life-threatening
events like allergy, bacterial infections, and acute hemolytic responses [6]. Regular blood transfusions are the primary
treatment for B-thalassemia major, which can result in iron overload and organ damage. For example, hypogonadotropic
hypogonadism (HH) caused by excessive iron deposition in the anterior pituitary gland causes delayed puberty, and once
diagnosed, hypogonadism is usually permanent despite rigorous chelation therapy. Thus, early diagnosis of pituitary iron
accumulation before symptoms develop is of critical relevance in high-risk patients [7].

Magnetic resonance imaging (MRI) is a valuable method for noninvasively detecting and quantifying tissue iron
deposits. Intracellular iron forms with high molecular weights, such as hemosiderin and ferritin, interact with water
molecules to cause local magnetic inhomogeneities, which are responsible for the tissue's lower signal intensity. Iron
overload is quantified by assessing the loss of signal intensity in the obtained MR images using various approaches [8]. The
hepcidin-to-ferritin ratio is an important biomarker for determining the link between iron metabolism and immunological
responses in inflammatory disorders. Its capacity to predict illness severity and outcomes, especially in circumstances like
septic shock, makes it an important tool in clinical practice [9].

The aim of the work was to investigate the prevalence and the relationship between pituitary siderosis assessed by
magnetic resonance imaging (MRI T2*) and endocrinopathy in pediatric patients with TDT.

2. Materials and Methods
2.1. Study design and sampling:

This is a cross-sectional study with 42 transfusion-dependent B-thalassemia patients who were diagnosed based on
evidence of hematological investigations.

Inclusion criteria: Age 10-18 years, both sexes and children with TDT.

Exclusion criteria for B-thalassemia: Autoimmune disorders include insulin-dependent diabetes mellitus, autoimmune
thyroiditis, Addison's disease, and polyglandular autoimmune endocrinopathy. Children with other chronic systemic
diseases that might induce short stature (severe hepatic, renal, or cardiac problems, diabetes mellitus, severe infections).
Mild to mild-moderate thalassemia or sickle anemia with infrequent blood transfusions and children receiving hormone
therapy for development retardation.

Exclusion criteria for MRI T2*: Presence of pacemakers, coronary and peripheral artery stents, surgical clips or wire
sutures and Joint replacement or prosthesis.

2.2. Method
All patients underwent clinical evaluation, laboratory investigations, and imaging studies.

2.2.1. History and clinical examination

A complete history was obtained, including demographics (age, gender), consanguinity, family history of thalassemia,
transfusion regimen (ml/kg/year), chelation therapy, age at diagnosis, and age of splenectomy. Clinical examination
included general assessment, anthropometric measurements (height, weight, BMI), and pubertal development (Tanner
staging). Pallor, characteristic facial features (mongoloid facies), hepatomegaly, and splenomegaly were recorded.

2.2.2. Laboratory Investigations

Pre-transfusion blood samples were obtained for: Complete blood count (CBC), Serum iron and total iron-binding
capacity (TIBC); transferrin saturation was calculated as:
(Serumironx100)/TIBC (Serum iron x 100) / TIBC. Serum ferritin (measured within the preceding 3 months). Hepcidin

133



International Journal of Innovative Research and Scientific Studies, 8(8) 2025, pages: 132-141

levels by ELISA (Human Hepcidin 25 Kit, REF: DZE201121020) using a double-antibody sandwich technique. Fasting
plasma glucose and HbAlc. Thyroid function (TSH, free T4). Gonadotropins (LH, FSH), estradiol (females), and
testosterone (males).

Blood samples (5 ml venous) were collected pre-transfusion: 2 ml in EDTA for CBC and 3 ml in plain tubes for serum
separation. Serum was analyzed for iron indices, ferritin, thyroid function, and sex hormones using standard protocols.

2.2.3. MRI T2* Assessment

All participants underwent pituitary MRI T2* with a 1.5 Tesla system (Ingenia Philips, 16-channel head coil).
Morphological assessment excluded mass lesions; pituitary height was measured on midline sagittal images. Pituitary iron
deposition was assessed using T2* (STAR) sequences with coronal and sagittal m-FFE_T2 star protocol (TR/TE 198/14
ms, matrix 208 x 127, FOV 230 x 180 mm, slice thickness 3 mm, interleaved gap —0.2 mm, 3 averages). T2* imaging was
used as ferritin shortens T1 and T2, while hemosiderin primarily affects T2 relaxation.

2.2.4. Chelation Therapy

Patients received chelation according to ferritin burden: Deferasirox (20-30 mg/kg/day orally before meals),
Deferoxamine (20-40 mg/kg/day, 6 days/week) in selected cases. Combined chelation (Deferasirox plus intermittent
Deferoxamine infusion 20—40 mg/kg/day for 10 days/month) was used in patients with serum ferritin >3000 ng/ml.

2.2.5. Statistical Analysis
Data were fed to the computer and analyzed using IBM SPSS software package version 27.

The qualitative data was described using numbers and percentages. The Shapiro-Wilk test was employed to ensure
that the distribution was normal. The quantitative data were described using range (minimum and maximum), mean,
standard deviation, median, and interquartile range (IQR). The significance of the obtained results was determined at the
0.05 level. Analytical statistics include Pearson's/Spearman's correlation, multivariate linear regression analysis, and
Receiver Operating Characteristic (ROC) analysis.

2.2.6. Ethics Considerations

This work was authorized by the Mansoura Faculty of Medicine Institutional Research Board (MFM-IRB) and
Mansoura University Faculty of Medicine's local ethics committee. Code number: MD.23.08.798. The participants'
personal information was kept anonymous during the study.

3. Results

This study involved 42 transfusion-dependent B-thalassemia patients with mean age 13.7 £ 2.1 years and 54.8%
female. Most patients had a history of consanguinity (76.2%), had a positive family history (59.5%), and were early
diagnosed. Nearly all required monthly transfusions (95.2%), with an average blood requirement of 1158 + 15.2
ml/kg/year. Iron chelation was given as deferasirox alone (59.5%) or in combination with deferoxamine (40.5%).

Clinically, pallor was common (100%), while mongoloid facies (73.8%), splenomegaly (61.9%), and hepatomegaly
(33.3%) and splenectomy had been performed in 38.1%. According to the endocrinal disorders, hypogonadism (52.4%)
was the most common disorder, followed by short stature (33.3%), hypothyroidism (26.2%), and subclinical
hypothyroidism (11.9%) (Table 1).

Table 1.

Demographic data, anthropometric measurements, Tanner staging and clinical data in studied patients.
Characteristics Patients = 42
Male 19 (45.2 %)
Female 23 (54.8 %)
Age (years) Mean = SD 13.71+£211
Weight (kg) Mean £SD 41.29 £ 9.93
Height (cm) Mean +SD 148.6 + 10.72
BMI (kg/m2) 18.34 £ 2.51
Consanguinity 32 (76.2%)
Family history 25 (59.5%)
Age of diagnosis of thalassemia (month) Mean +SD 13.05 + 12.66
Blood transfusion frequency
Every month 40 (95.2%)
Every 2 months 2 (4.8%)
Amount of blood transfusion (ml/kg/year) Mean + SD 115.76 £ 15.24
Types of iron chelators
Deferasirox 25 (59.5%)
Deferoxamine and Deferasirox 17 (40.5%)
Pallor 42 (100%)
Mongoloid facies 31 (73.8%)
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Hepatomegaly 14 (33.3%)
Splenomegaly 26 (61.9%)
Splenectomy 16 (38.1%)
Hypogonadism 22 (52.4%)
Short stature 14 (33.3%)
Hypothyroidism 11 (26.2%)
Subclinical hypothyroidism 5 (11.9%)

Note: SD: Standard deviation.

Assessment of pubertal development showed that most participants were in Tanner stages 2—3 across all domains. For
pubic hair growth, stage 2 (35.7%) and stage 3 (33.3%) were the most common, with a mean of 2.50 + 1.04. Among
females, breast development was most frequently at stage 3 (47.8%) followed by stage 2 (39.1%) with a mean of 2.78 +
0.80. In males, external genitalia development was predominantly at stage 2 (47.8%) and stage 3 (31.6%) with a mean of

2.47 +0.96 (Table 2).

Table 2.

Distribution of the studied cases according to Tanner staging (n = 42).
Tanner staging No. (%)
Pubic hair growth
1 7 (16.7%)

2 15 (35.7%)

3 14 (33.3%)

4 4 (9.5%)

5 2 (4.8%)

Min. — Max. 1.0-5.0
Mean + SD. 250+1.04
Median (IQR) 2.0 (2.0-3.0)
Breast growth for female

1 0 (0%)

2 9 (39.1%)

3 11 (47.8%)

4 2 (8.7%)

5 1 (4.3%)

Min. — Max. 20-5.0
Mean + SD. 2.78 £0.80
Median (IQR) 3.0(2.0-3.0)
External genitalia for male

1 2 (10.5%)

2 9 (47.8%)

3 6 (31.6%)

4 1 (5.3%)

5 1 (5.3%)

Min. — Max. 1.0-5.0
Mean + SD. 247 +£0.96
Median (IQR) 2.0(2.0-3.0)

Note: SD: Standard deviation.

Laboratory evaluation showed that the mean hemoglobin was 8.0 + 0.8 g/dL with microcytosis (MCV 74.8 £ 6.3 fL).
Iron overload was obvious, with high serum iron (188.9 + 61.0 pg/dl), transferrin saturation (90.6 + 26.2%), ferritin (2680.9
+ 1410.4 ng/ml), and a low hepcidin/ferritin ratio (0.13 £ 0.14). With normal fasting blood sugar (93.4 £+ 13.4 mg/dl) but
slightly elevated HbAlc (6.0 £ 0.5%).

Hormonal testing revealed low gonadotropins (LH and FSH), as well as decreased testosterone and estradiol levels.
Thyroid function tests revealed fluctuating T4 levels and slightly elevated TSH. Among the studied patients, the mean
MRI T2* value was 21.72 + 12.31 ms. According to the severity distribution, 33.3% of patients were within the normal
range and about two-thirds of the patients had MRI T2* abnormalities of varied degrees (26.2% had mild affection, 26.2%
had moderate affection, and 14.3% had severe affection) (Table 3).
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Variables Mean +£SD

Hb 8.03+0.75
MCV 74.77£6.31
TIBC 216.02 + 66.46
Serum iron 188.93 + 61.01
Transferrin saturation (%) 90.64 + 26.20
Serum ferritin 2680.9 + 14104
Fasting blood sugar 93.43+13.44
HbAlc (%) 6.03+0.54
Hepcidin (ng/dl) 214.28 + 81.58
Hepcidin/Ferritin Ratio (ng/dl) 0.13+0.14
Estradiol (ng/ml) (n = 23) 21.65+21.31
Testosterone (hg/ml) (n = 19) 1.38+2.71
TSH (ulU/ml) 3.76 £1.49

T4 (ng/dl) 1.76 £1.60

LH (mIU/ml) 1.42+1.85
FSH (m1U/ml) 2.26+2.11
MRI T2* (ms) 21.72+12.31
Severity Level

Normal 14 (33.3%)
Mild 11 (26.2%)
Moderate 11 (26.2%)
Severe 6 (14.3%)

Note: SD: Standard deviation.

There was a statistically significant negative association between MRI T2* and transferrin saturation, serum ferritin,
and TSH, while there was a statistically significant positive correlation between MRI T2* and estradiol, testosterone, T4,
LH, FSH, and the hepcidin/ferritin ratio (Table 4 & Figure 1).

Table 4.
Correlation between MRI T2* and different parameters (n = 42).
MRI T2* (ms)
rs | p

Age (years) -0.114 0.473
Transferrin Saturation (%) -0.649 <0.001"
Serum ferritin -0.755 <0.001"
Hepcidin (ng/ml) 0.129 0.416
Estradiol (ng/ml) 0.565 0.005"
Testosterone (ng/ml) 0.520 0.022"
TSH (ulU/ml) -0.505 0.001"
T4 (ng/dl) 0.607 <0.001"
LH (mIU/ml) 0.346 0.025
FSH (mIU/ml) 0.385 0.012"
Hepcidin/Ferritin Ratio (ng/dl) 0.862 <0.001"

Note: rs: Spearman coefficient; *: Statistically significant at p <0.05.
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Figure 1.

Correlation between pituitary MRI T2* and different parameters.

The hepcidin/ferritin ratio showed a marked decline with increasing disease severity. Patients within normal group had
the highest values with a mean of 0.28 £+ 0.15. On the other hand, the ratio was significantly lower in the mild group (mean
= 0.08 + 0.05) and more decreased in the moderate group (mean = 0.04 + 0.01). The lowest values were detected among
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severe cases (mean = 0.02 + 0.01). Hepcidin/ferritin ratio and disease severity on MRI T2* showed a very statistically
significant adverse relationship (Table 5).

Table 5.
Relation between severity level with Hepcidin/Ferritin Ratio (ng/dl) (n=42).
Severity level H
Hepcidin/Ferritin Normal Mild Moderate Severe
Ratio (ng/dl) (n=14) (n=11) (n=11) (n=16)
Mean + SD. 0.28 £ 0.15 0.08 £ 0.05 0.04 £ 0.01 0.02 +0.01 33.078" <0.001"
Median 0.27 0.07 0.04 0.02
(Min. — Max.) (0.09 — 0.58) (0.03 —0.20) (0.03 — 0.06) (0.01 —0.03)

Note: H: H for Kruskal Wallis test; p: p value for comparison between the studied categories; *Statistically significant at p < 0.05.

Receiver operating characteristic (ROC) curve analysis demonstrated that the hepcidin/ferritin ratio had the highest
diagnostic accuracy for predicting disease severity, with an AUC of 0.980 (95% CI: 0.945-1.0; p < 0.001). At a cutoff of
<0.116, it achieved 96.4% sensitivity, 92.9% specificity, and an overall accuracy of 95.2%. Additionally, serum ferritin
performed well, with a cutoff >1805 ng/ml. The performance of transferrin saturation was moderate. Conversely, hepcidin,
serum iron, and TIBC showed only moderate diagnostic value. So, we can say that the hepcidin/ferritin ratio emerged as the
most powerful discriminator of disease severity, outperforming conventional iron markers (Table 6 & Figure 2).

Table 6.
Diagnostic performance for different parameters to discriminate normal severity from abnormal severity.
AUC 6] 95% CI > > =
Y = = o
S = 8 > > @
5 g 5 o 3 3
o s |& |* |% |8
h ) <
Hepcidin/Ferritin Ratio (ng/dl) | 0.980 | <0.001" | 0.945-1.0 <0.116 | 96.43 | 92.86 | 96.4 929 | 95.24
Serum ferritin 0.913 | <0.001" | 0.828-0.98 | >1805 | 92.86 | 71.43 | 86.7 83.3 | 85.72
Hepcidin (ng/dl) 0.626 0.187 ] 0.433-0.820 | <2245 | 67.86 | 64.29 | 79.2 50.0 | 66.67
Serum iron 0.615 0.230 | 0.435-0.795 | >167 64.29 | 57.14 | 75.0 444 | 61.91
TIBC 0.662 0.090 ]0.483-0.841| <214 67.86 | 50.0 73.1 43.8 | 61.91
Transferrin Saturation (%) 0.864 | <0.001" | 0.753 —0.974 >81 82.14 | 7143 | 85.2 66.7 | 78.57

Note: AUC: Area Under a Curve

significant at p < 0.05
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Figure 2.
ROC curve for different parameters to discriminate normal from abnormal severity.
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4. Discussion

Frequent blood transfusions are necessary for the conventional treatment of B-thalassaemia major. Excess iron builds
up as a result, first in the reticuloendothelial system and then in all parenchymal organs, primarily the heart, pituitary, and
pancreas, causing major and occasionally lethal clinical problems [10].

Iron deposition may begin in the anterior pituitary gland in the first decade of life, but clinical symptoms are usually
not apparent before puberty. Only reduced gonadotropin reserve was observed at the earlier stage, with intact gonadotropin
pulse. Until hypogonadism occurs an asymptomatic process of pituitary siderosis may occur [11]. Due to its non-invasive,
contrast-free ability to evaluate iron overload in multiple organs, MRI is an essential tool in the current treatment of
thalassemia patients [12].

The female predominance in this study came in consistence with Yilmaz, et al. [13]. and Celik, et al. [14] who reported
that females represented 58.6% and 65.7 %, respectively. However, higher male prevalence (60%) was demonstrated by
Hagag, et al. [15]. The differences in gender distribution across studies may reflect variations in inclusion criteria and age
groups.

In the current study, the mean body height was 148.6 + 10.72 cm with 16.7% falling below 3rd percentile. The mean
body weight was 41.29 * 9.93 kg with only one case below 3rd percentile. The mean BMI was 18.34 + 2.51 kg/m? with
11.9% below 3rd percentile. This came in agreement with El-Hawy and Saleh [16] who reported a mean BMI of
17.91+17.39 kg/m? in thalassemic patients. Growth retardation in thalassemic children may be linked to chronic anemia
produced by inadequate transfusion, hypoxia, and other endocrine abnormalities owing to iron excess, impairing puberty
development and growth [17].

In this study, the manifestations included pallor in 100%, mongoloid facies in 73.8%, hepatomegaly in 33.3%,
splenomegaly in 61.9% and 38.1% had splenectomy. This agreed with Morad, et al. [18] who reported that pallor and
jaundice were the most common features in thalassemic patients, while hepatomegaly and splenectomy were the most
common signs. This can be explained by that splenomegaly in thalassemia results from chronic hemolysis and ineffective
erythropoiesis, often progressing to hypersplenism and splenectomy. Hepatomegaly is mainly linked to extramedullary
hematopoiesis and transfusion-related iron overload, while mongoloid facies reflect skeletal deformities caused by marrow
hyperplasia in inadequately transfused patients [19].

In the present study, endocrine complications were relatively common, hypogonadism in more than half of the cases
(52.4%) with short stature in 33.3%, hypothyroidism reported in 26.2% of patients and subclinical hypothyroidism in
11.9%. Hypogonadism was the most common detected abnormality in the current study in 52.4%. This was similar to a
large study from 2017 on 613 transfusion-dependent BTH patients. They showed that 46.8% had hypogonadism, 8.3% for
hypothyroidism [20]. Another cohort identified the hypogonadism to be 44.5% [21].

Regarding hypothyroidism, our findings are comparable to those of [13] who reported hypothyroidism in 34.6% of
their cohort, 37% had short stature, and 50% had pubertal delay. Similarly, in a large multicenter study involving 3817
patients with thalassemia major, pubertal delay identified as the most frequent endocrinological complication, while growth
hormone deficiency and hypothyroidism were less common, occurring in approximately 8% and 3.2% of patients,
respectively [22]. In contrast, the most prevalent condition was pubertal delay or arrest (46.8%), followed by short stature
(33.8%) and hypothyroidism (15.9%) [23]. This was lower as compared to a study from Central India which included 50
children that found delayed puberty in 71.7% [24]. Compared to the gonadal and GH axis, the thyroid pituitary axis appears
to be less vulnerable to iron deposition damage. Since the prevalence of thyroid disorders is less than hypogonadism and
short stature [18]. Taken together, these results emphasize that endocrine dysfunctions particularly pubertal delay,
hypogonadism, and growth impairment are consistently reported across different cohorts, although prevalence rates vary
depending on patient age, sample size, and transfusion/chelation protocols.

In the current study, overall, the study population clustered around Tanner stages 2—3, with only a small proportion
having reached advanced pubertal stages (4-5). This supported by previous studies that revealed that most patients with
beta thalassemia showed signs of delayed puberty [25, 26].

The included cases in this study had mean MRI T2* of 21.72 + 12.31 ms. Previous investigations varied greatly; in
one, 84 thalassemia patients ranging in age from 4 to 34 years had a mean MR T2* level < 14.9 ms [27]. In another study,
180 patients with thalassemia major, ages 12 to 48, had a mean MR T2* level of less than 5.9 ms [28]. Additionally,
Yilmaz, et al. [13] found a mean MR T2* level was 12.8+4.34 ms. The discrepancy between the results of the available
studies can be explained by the differences between the population size and age range of the participants.

In our study, there was a statistically significant negative correlation between MRI T2* with transferrin saturation and
serum ferritin. This correlation allows a quantification of the pituitary T2 time and therefore offers an index of pituitary
siderosis. This agreed with Karadag, et al. [29] and Morad, et al. [18] who showed that there was a statistically significant
negative correlation between pituitary T2* with serum ferritin. In contrast, positive correlation was reported between
pituitary T2* values and serum ferritin [30].

Our investigation found a significant positive correlation between MRI T2* values and several hormonal markers
(estradiol, testosterone, T4, LH and FSH). This is consistent with recent findings from Morad, et al. [18] who found
comparable correlations between pituitary T2* and ferritin, FSH, LH, and growth hormone. Likewise, previous study
emphasized that with pituitary iron overload can begin as early as four years of age and with the pubertal delay becoming
evident about a decade later, often when changes are irreversible. In addition, iron toxicity and chronic hypoxia, multiple
factors such as genetic background, nutritional status, chelation adherence, endocrinopathies and chronic liver disease also
contribute to impaired growth and the pubertal development in thalassemia patients [31].
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Our patients' hepcidin levels were normal in our trial, which was consistent with recent research that found
posttransfusion hepcidin levels were closer to normal, possibly as a result of decreased erythropoietic drive. Hepcidin levels
in thalassemia patients receiving continuous transfusions are similar to those in non-thalassemia patients, which may
indicate that dietary iron absorption is generally normal, particularly after transfusion. They proposed that a follow-up
study to improve the care of patients with chronic transfusion-associated B-thalassemia could involve measuring their
serum hepcidin levels [3].

On MRI T2* our investigation revealed a highly statistically significant inverse relationship between the
hepcidin/ferritin ratio and disease severity, with the ratio clearly declining as disease severity increased.

Because serum hepcidin levels are incorrect, it may not be sufficient to identify and distinguish between various levels
of iron overload in patients with B-thalassemia. Since serum ferritin cannot predict changes in total body iron in individuals
with transfusion iron overload, it may not be a good diagnostic biomarker on its own. With an accuracy of 99.2%, the
median hepcidin-to-ferritin ratio of the cases was found to be significantly decreased when compared to the controls. This
suggests that it could be a useful indicator for diagnosing iron overload in patients with 3-thalassemia [32]. Furthermore, it
was discovered that both before and after the transfusion, the hepcidin-ferritin ratio was much lower. Clinical assessment
of hepcidin (together with the hepcidin-ferritin ratio) may prove to be a valuable biomarker of erythropoiesis and iron
kinetics in complex patients since hepcidin seems to integrate erythropoietin and iron-loading signals [3].

This study is limited by its single-center design and small sample size, which may limit generalization. Furthermore,
the absence of a healthy control group restricts direct comparison of findings.

5. Conclusion

Patients with transfusion-dependent B-thalassemia were more likely to experience hypogonadism, hypothyroidism and
short stature. Serum ferritin and the Hepcidin/Ferritin ratio were highly correlated with MRI T2* severity, indicating an
obvious iron overload. The Hepcidin/Ferritin ratio emerged as the most accurate non-invasive marker for assessing disease
severity and short stature risk.

References

[1] M. Sanchez-Villalobos, M. Blanquer, J. M. Moraleda, E. J. Salido, and A. B. Perez-Oliva, "New insights into pathophysiology
of B-thalassemia,” Frontiers in Medicine, vol. 9, p. 880752, 2022. https://doi.org/10.3389/fmed.2022.880752

[2] F. Longo, A. Piolatto, G. B. Ferrero, and A. Piga, "Ineffective erythropoiesis in B-thalassaemia: Key steps and therapeutic

options by drugs,” International Journal of Molecular Sciences, vol. 22, no. 13, p. 7229, 2021.
https://doi.org/10.3390/ijms22137229

[3] S. Bhowmik, A. K. Biswas, A. K. Baranwal, A. A. Pawar, and U. Dimri, "The effect of blood transfusion on serum hepcidin
levels in chronically transfused patients of B-thalassemia major: An observational study in a tertiary care centre in Western
Maharashtra," Asian Journal of Transfusion Science, vol. 18, no. 1, pp. 73-78, 2024.

[4] A. Tantiworawit et al., "Correlation of hepcidin and serum ferritin levels in thalassemia patients at Chiang Mai University
Hospital," Bioscience Reports, vol. 41, no. 2, p. BSR20203352, 2021.

[5] R. Barnett, "Thalassaemia,” The Lancet, vol. 394, no. 10204, p. 1135, 2019.

[6] Z. Ali, M. Ismail, M. T. M. Khan, and I. U. Rehman, "Safety and efficacy of thalidomide in transfusion-dependent -
thalassemia: A systematic review and meta-analysis," Khyber Medical University Journal, vol. 14, no. 3, pp. 201-206, 2022.

[7] V. De Sanctis et al., "Hypogonadism in male thalassemia major patients: Pathophysiology, diagnosis and treatment," Acta Bio
Medica: Atenei Parmensis, vol. 89, no. Suppl 2, p. 6, 2018.

[8] M. Bozdag, S. Bayraktaroglu, Y. Aydinok, and M. C. Calli, "MRI assessment of pituitary iron accumulation by using pituitary-
R2 in B-thalassemia patients," Acta Radiologica, vol. 59, no. 6, pp. 732-739, 2018. https://doi.org/10.1177/0284185117730099

[9] A.J. Nashwan, M. A. Yassin, and M. A. Haque, "From immunity to iron homeostasis: Understanding the predictive power of
hepcidin-to-ferritin ratio,” Journal of Medicine, Surgery, and Public Health, vol. 2, p. 100056, 2024.

[10] A. Lal et al., "The transfusion management of beta thalassemia in the United States,” Transfusion, vol. 61, no. 10, p. 3027,
2021.

[11] S. Srisukh, B. Ongphiphadhanakul, and P. Bunnag, "Hypogonadism in thalassemia major patients,” Journal of Clinical &
Translational Endocrinology, vol. 5, pp. 42-45, 2016.

[12] A. H. Adel, Adel A, R. Ebtesam, M. M. Maaly, and M. B. Ibrahim, "Study of serum leptin in children with beta thalassemia:
Correlation with iron overload," The Medical Journal of Cairo University, vol. 86, no. September, pp. 3037-3045, 2018.

[13] K. Yilmaz et al., "Relationship between pituitary siderosis and endocrinological disorders in pediatric patients with beta-
thalassemia,” Cureus, vol. 13, no. 1, 2021. https://doi.org/10.7759/cureus.12877
[14] T. Celik, O. Sangiin, S. Unal, A. Balci, and S. Motor, "Assessment of biochemical bone markers of osteoporosis in children

with thalassemia major," Italian Journal of Pediatrics, vol. 48, no. 1, p. 105, 2022.

[15] A. A. Hagag, I. M Badraia, M. S Elfarargy, and A. M Abo El-enein, "Gonadal hormones in adolescent females with B-
thalassemia in relation to iron load," Endocrine, Metabolic & Immune Disorders-Drug Targets (Formerly Current Drug
Targets-Immune, Endocrine & Metabolic Disorders), vol. 16, no. 2, pp. 148-153, 2016.

[16] M. A. El-Hawy and N. Y. Saleh, "Effect of cyclic pamidronate administration on osteoporosis in children with f3-thalassemia
major: a single-center study," Clinical and Experimental Pediatrics, vol. 65, no. 8, p. 405, 2022.

[17] K. Dumaidi, A. Al-Jawabreh, S. Al-Assi, and B. Karmi, "Assessment of gonadal and thyroid function for adult transfusion-
dependent-B-thalassemic patients in Palestine," Jordan Med J, vol. 49, no. 1, pp. 17-26, 2015.

[18] L. M. Morad, M. R. El Shanshory, N. M. Hablas, A. S. El Bendary, R. A. El Shafey, and A. A. Hagag, "Magnetic resonance
imaging versus serum iron status as diagnostic tools for pituitary iron overload in children with beta thalassemia," Journal of
Advances in Medicine and Medical Research, vol. 33, no. 6, pp. 97-109, 2021.

[19] S. Rivella, "Iron metabolism under conditions of ineffective erythropoiesis in B-thalassemia,” Blood, The Journal of the
American Society of Hematology, vol. 133, no. 1, pp. 51-58, 2019. https://doi.org/10.1182/blood-2018-07-815928

140


https://doi.org/10.3389/fmed.2022.880752
https://doi.org/10.3390/ijms22137229
https://doi.org/10.1177/0284185117730099
https://doi.org/10.7759/cureus.12877
https://doi.org/10.1182/blood-2018-07-815928

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]
[29]

(30]

(31]

[32]

International Journal of Innovative Research and Scientific Studies, 8(8) 2025, pages: 132-141

M. Yaghobi, E. Miri-Moghaddam, N. Majid, A. Bazi, A. Navidian, and A. Kalkali, "Complications of transfusion-dependent j3-
thalassemia patients in Sistan and Baluchistan, south-east of Iran,”" International Journal of Hematology-Oncology and Stem
cell Research, vol. 11, no. 4, p. 268, 2017.

M. Bordbar et al., "Prevalence of endocrine disorders and their associated factors in transfusion-dependent thalassemia
patients: A historical cohort study in Southern Iran," Journal of Endocrinological Investigation, vol. 42, no. 12, pp. 1467-1476,
2019. https://doi.org/10.1007/s40618-019-01072-z

V. De Sanctis, A. Eleftheriou, and C. Malaventura, "Prevalence of endocrine complications and short stature in patients with
thalassaemia major: A multicenter study by the Thalassaemia International Federation (TIF)," Pediatric Endocrinology
Reviews, vol. 2, pp. 249-255, 2004.

F. Saffari, A. Mahyar, and S. Jalilolgadr, "Endocrine and metabolic disorders in B-thalassemiamajor patients,”" Caspian Journal
of Internal Medicine, vol. 3, no. 3, p. 466, 2012.

N. Dixit, C. K. Shaw, G. A. Varshney, R. Kumar, P. A. Saini, and P. Verma, "Endocrinal complications in children and
adolescents with thalassemia major in central India: an observational study," Indian Journal of Pediatrics, vol. 89, no. 10, pp.
983-988, 2022.

L. M. Al-Naama, M. K. Hassan, and M. M. Abdul Karim, "Evaluation of serum leptin levels and growth in patients with p-
thalassaemia major," Anemia, vol. 2016, no. 1, p. 8454286, 2016. https://doi.org/10.1155/2016/8454286

Guirat et al., "Growth and endocrine function in Tunisian thalassemia major patients," Mediterranean Journal of Hematology
and Infectious Diseases, vol. 10, no. 1, p. €2018031, 2018.

M. G. Cetingakmak et al., "Evaluation of the relationship between splenic iron overload and liver, heart and muscle features
evident on T2*-weighted magnetic resonance imaging,” Advances in Clinical and Experimental Medicine, vol. 29, no. 4, pp.
475-480, 2020.

W.-Y. Au et al., "A cross-sectional magnetic resonance imaging assessment of organ specific hemosiderosis in 180 thalassemia
major patients in Hong Kong," Haematologica, vol. 93, no. 5, pp. 784-786, 2008. https://doi.org/10.3324/haematol.12367

S. |. Karadag et al., "Pituitary iron deposition and endocrine complications in patients with B-thalassemia: From childhood to
adulthood," Hemoglobin, vol. 44, no. 5, pp. 344-348, 2020.

M. G. Cetingakmak, S. Hattapoglu, S. Menzilcioglu, B. Alan, A. Ugar, and A. Bilici, "MRI-based evaluation of the factors
leading to pituitary iron overload in patients with thalassemia major," Journal of Neuroradiology, vol. 43, no. 4, pp. 297-302,
2016.

B. Moiz, A. Habib, S. Sawani, A. Raheem, B. Hasan, and M. Gangwani, "Anthropometric measurements in children having
transfusion-dependent beta thalassemia," Hematology, vol. 23, no. 4, pp. 248-252, 2018.

B. A. Zaman and S. A. Ibrahim, "Hepcidin-to-ferritin ratio as an early diagnostic index of iron overload in B-thalassemia major
patients,” Hemoglobin, vol. 46, no. 2, pp. 106-113, 2022. https://doi.org/10.1080/03630269.2022.2083969

141


https://doi.org/10.1007/s40618-019-01072-z
https://doi.org/10.1155/2016/8454286
https://doi.org/10.3324/haematol.12367
https://doi.org/10.1080/03630269.2022.2083969

