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Abstract:

Background: Chronic iron overload from frequent transfusions remains the
primary driver of multi-organ morbidity in S-thalassemia major (5-TM).
Objective: This study evaluated the interplay between serum ferritin, thyroid
function, and biochemical markers (hepatic and renal) in g-TM patients.
Methods: A cross-sectional analysis of 179 patients (101 males, 78 females;
ages 5-50 years) was conducted at Al-Kut Hospital for Gynecology and
Pediatrics (Hereditary Hematology Center-Thalassemia Unit), Irag. Serum
ferritin and thyroid profiles (TSH, T3, T4) were quantified via CLIA, while
liver and renal parameters were analyzed using the Abbott Architect c4000
system (significance at p < 0.001). Results: Critical systemic iron overload
was observed, with significantly higher mean ferritin in males (4241.23 +
233.13 ng/mL) than females (3329.60 + 261.11 ng/mL; p = 0.010). In
abnormal subgroups, significant elevations (p < 0.001) were found in TSB
(2.14 £ 0.11 mg/dL), AST (71.22 £ 4.91 U/L), and ALT (83.82 + 8.50 U/L).
Correlation analysis revealed a profound positive association between AST
and ALT (r = 0.90) and a significant link between ferritin and AST (r =
0.44). Notably, ferritin showed an inverse relationship with T4 (r = -0.30)
and T3 (r = -0.23), reflecting iron-induced endocrine suppression. while urea
(46.94 £ 0.81 mg/dL) and RBS (163.30 £ 9.81 mg/dL) showed marked
disturbances in affected groups. Conclusion: Iron overload is the central
pathogenic driver of synchronized hepatic and endocrine dysfunction. These
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findings necessitate integrated, personalized chelation protocols and rigorous
multi-organ monitoring to mitigate progressive clinical deterioration.

Keywords: p-Thalassemia Major; Endocrine Dysfunction; Hepatocellular
Injury; Iron Overload.

Introduction

S-thalassemia major (5-TM) is a hereditary hemoglobinopathy
characterized by impaired globin chain synthesis, necessitating lifelong
blood transfusions. These interventions trigger systemic iron overload as the
human body lacks an active physiological excretion mechanism, leading to
excessive serum ferritin deposition in vital organs and inducing oxidative
stress-mediated dysfunction (Evangelidis et al., 2023; Pinto and Forni,
2020). Among endocrine morbidities, thyroid dysfunction specifically
hypothyroidism is highly prevalent, often complicating metabolic pathways
such as glucose and calcium homeostasis (Galle et al., 2024; Yang et al.,
2020). While intensive chelation therapy has demonstrated efficacy in
reducing iron burden, chronic toxic exposure remains a primary driver for
developing severe endocrinopathies, including diabetes and hypogonadism
(Casale et al., 2014; Farmaki et al., 2010). Emerging evidence suggests that
iron metabolism dysregulation correlates with multi-organ severity, yet sex-
based physiological differences and renal involvement remain relatively
underexplored in clinical deterioration (Taneri et al., 2020; Wyatt et al.,
2023). Notable sex differences in iron homeostasis have been observed,
where distinct associations between iron biomarkers and clinical outcomes
highlight the influence of biological sex on disease trajectory (Agarvas et al.,
2025; Kezele and Curko-Cofek, 2020). Furthermore, the integration of
predictive statistical modeling and advanced analytics offers significant
potential for forecasting iron-related complications Dby synthesizing
biochemical markers and sex-specific variables (Christodoulou et al., 2025;
Pan et al., 2023).

In the liver, Iron is stored mainly and is especially susceptible to iron
toxicity. Excess iron stores can cause damage to the liver cells, fibrosis,
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cirrhosis, and changes in liver enzymes like alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) (Hassan et al., 2020). Other than
hepatic complications, renal impairment has become a frequent finding in
patients with B-thalassemia major. Chronic anemia, hypoxia, oxidative stress
caused by iron and long-term chelators use could all lead to abnormalities in
renal biomarkers such as serum creatinine and blood urea (Musallam et al.,
2012). This aligns with studies indicating that a sustained rise in pathological
and inflammatory markers over lengthy periods inevitably leads to gradual
injury to vital organs, specifically the kidneys, resultant in nephropathy then
impaired bodily function (Chyad et al., 2026). In addition, endocrine
complications are prevalent among patients with f-thalassemia major, due to
the fact that endocrine glands are extremely sensitive to iron deposition. Iron
overload can have an effect on hormonal regulation and metabolic balance,
leading to diabetes mellitus, hypothyroidism, delayed puberty, growth
retardation and hypogonadism (De Sanctis et al., 2013). Many studies have
noted a correlation between high ferritin levels and high glucose metabolism
markers with continued transfusion dependence (Soliman et al., 2019).

Although transfusion protocols and iron chelation therapy have
improved, complications related to iron overload remain a significant clinical
challenge in B-thalassemia major. Organ dysfunction can be identified by
biochemical markers early in the course of the disease, which could help
manage the disease and decrease long-term complications. Hence the link
between serum ferritin levels and hepatic, renal and endocrine markers
should be evaluated to gain insight into the systemic effects of iron overload
and to enhance monitoring strategies in patients.

The present cross sectional study was therefore performed to
determine the correlation between serum ferritin and some liver, renal and
endocrine markers in patients suffering from B-thalassemia major, to seek to
estimate the degree of organ involvement resulting from chronic iron
overload.
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Methodology:
Study Design

A total of 179 (78 females and 101 males) patients with the diagnosis
of p-thalassemia major were enrolled in a hospital-based cross sectional
study. The subjects were selected from Thalassemia Center Al-Kut Hospital
for Gynecology and Pediatrics (Hereditary Hematology Center—Thalassemia
Unit), for a period from April to September 2025. In this study, convenience
sampling method was used to enroll patients between the ages of 5 to 50
years with clinical and haematological criteria for the diagnosis of beta
thalassemia major. The data collection was conducted in-accordance with the
STROBE quidelines for the highest quality reporting of observational
evidence..

Ethical Considerations

The study protocol was approved by the Institutional Review Board
(IRB) of the College of Basic Education at Wasit University (Approval No.
2022/Al, dated March 24, 2025) and conducted in accordance with the
Declaration of Helsinki. Informed consent was obtained from all adult
participants or legal guardians for minors. Participation was entirely
voluntary, and data confidentiality was strictly maintained throughout the
study.

Laboratory Measurements

Venous blood samples (5 ml) were taken from each subject in aseptic
condition. Centrifuged at 3000r.p.m for 10 minutes and separated serum.
Hormonal and Ferritin Profile: Serum TSH, T3, T4 and Ferritin were
measured by a fully automated Chemiluminescence Immunoassay (CLIA)
system (MAGLUMI X3), (Shen et al., 2021).

The biochemical analysis was carried out with Abbott architect c4000
automated analyzer which includes; Liver function tests (ALT, AST, ALP,
Albumin, Total serum Bilirubin), renal function tests (Blood Urea, Serum
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Creatinine), Serum calcium and Random blood sugar (RBS), (Al-Saeed et
al., 2018).

Internal quality control samples were processed each day and all
assays were carried out as per the manufacturers' instructions to ensure
analytical precision.

Statistical Analysis

The statistical analysis was carried out with Python (version 3.12).
Normality of data was evaluated by using Shapiro-Wilk test. Data for
continuous variables were presented as MeanzSE while data for categorical
variables were presented as frequencies and percentages. Independent
Samples T-test was used for the comparison of the biomarkers among the
subgroups (e.g. sex or age groups). A p value < 0.001 was considered to be
statistically significant. Cohen's d and Glass's delta were used to assess effect
size to quantify differences.

Results and Discussion:
Gender Distribution

Study population (n=179) have a distribution of gender of 56.4% male
(n=101) and 43.6% female (n=78). This demographic baseline can serve as a
solid statistical basis for clinical characterization of the f-Thalassemia Major
(TM) patients as show figurel
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Figure 1. Gender distribution in a random sample-of S-thalassemia major
patients.

Patients with Beta-Thalassemia Major were sampled randomly and
were found to be 56.4% (n=101) males and 43.6% (n=78) females. This is a
statistically valid baseline populationfor clinical characteristics in this
population. The gender difference observed is consistent with other large-
scale studies, including a longitudinal cohort study in Italy that included 709
transfusion-dependent B-TM patients, of which 51.1% were male (Forni et
al., 2023), lending support to the consistency of this gender difference across
populations. From a clinical point of view, this imbalance is relevant because
males have been reported to have increased risk of cardiac complications,
such as heart failure and arrhythmias, at similar levels of iron overload as
females, who have been shown to have better survival and tolerance to iron
toxicity (Forni et al., 2023; Pepe et al., 2018). Epidemiological reviews
indicate that there is no significant difference in the prevalence of carriers
between males and females, although in clinical cohorts, there is a male
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predominance, probably attributable to sex difference in disease progression
or survival (Musallam et al.,, 2023). Sex-related differences in cardiac
function and risks of cardiac complications are further highlighted by cardiac
magnetic resonance imaging (MRI) studies, supporting the need to consider
gender in clinical follow-up and treatment planning of B-TM patients
(Meloni et al., 2024; Pepe et al., 2018).

Age Group Distribution

Analyses of age distribution of the cohort (n=179) identified that the
majority of the participants were aged 11-20 (45.3%, n=81). There is a
marked decrease for older brackets, 1.1% (n=2) aged over 40. Figure 2
shows that this distribution is characterized as a high proportion of cases in
children and young adults.

Age Group Distribution (n=179)

Age Groups

=10: 44 (24.6%)
11-20: 81 (45.3%)
21-30: 40 (22.3%)
31-40: 12 (6.7%)
>40: 2 (1.1%)

80 1

70 -

60 -

50 -

Number of Participants

11-20 21-30 31-40 >40
Age Groups

Figure 2: Age distribution in a random sample of b-thalassemia major
patients (n=179).

The bar chart shows the age distribution of a randomly selected
sample of 179 individuals affected by Beta-Thalassemia Major (patients).
Most of the participants were in the age group of 11-20 (n=81, 45.3%). The
frequency is significantly lower in the older age groups (over 40 years old)
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with only 11% (n = 2). This distribution is the usual age pattern of this
condition in the clinic, and the high number of cases in children and young
adults is reflected in this distribution.

The age distribution of Beta-Thalassemia Major (TM) patients, having
a major number in the age range 11-20 years, followed by a sudden drop
after 40 years, is attributed to historical death rate and recent advances in
treatment. In North America, the mean age of TM patients has increased in
recent decades, from 11.4 y in 1973 to 16.1 y in 1993, reflecting
improvements in treatment and a fall in the birth rate, but also because of
immigration of high-prevalence ethnic groups into the population (Pearson et
al., 1996). Despite the improved survival rates in recent years, illustrated by
more than 80% survival at 30 years in Italian longitudinal studies, the
prevalence of cardiac complications and iron overload in young adults is still
one of the most frequent causes of mortality in this age group (Forni et al.,
2023). The UK registry also shows that approximately 50% of patients with
TM died before the age of 35, mostly as a result of adherence problems to
iron chelation therapy, which points to the continued burden of therapy
(Modell et al., 2000). Although treatments like hematopoietic stem cell
transplantation (HSC) have demonstrated similar long-term survival as
standard chemotherapy, the complications associated with these treatments,
such as endocrinopathies and cardiac disease, remain as important age-
related morbidities (Caocci et al. 2017; VVogiatzi-et al. 2009; Cunningham et
al. 2004).

Hormonal and mineral profile are biochemically euthyroid in both
sexes. The statistical analysis shows that there are very slight numerical
differences between the two, with all p-values > 0.05 (for TSH, T3, T4 and
Serum Calcium, respectively, p=0.383, 0.945, 0.084 and 0.359). The
findings are in accordance with the previous result that there is no significant
difference between these thyroid and calcium indices among the males and
females.
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Table 1: Comparison of thyroid function and serum calcium between male
and female patients.

Parameters MeanzSE P-value
Male Female
Thyroid-stimulating 3.83+0.21 3.53+0.27 0.383
hormone (TSH,

pIU/mL)

Triiodothyronine (T3, 2.25+0.07 2.26 £ 0.07 0.945
ng/mL)

Thyroxine (T4, nmol/L) | 104.73 £2.27 | 112.13 £3.60 0.084

Serum calcium (Ca, 9.99 £0.85 9.20+0.14 0.359
mg/dL)

Endocrine complications are a hallmark of long standing iron overload
in B thalassemia major but frequently do not become apparent until years
after transfusion, with many paediatric and young adult patients being
biochemically euthyroid but with high levels of ferritin (Wijenayake et al.,
2025; Shah et al., 2022). The male and female comparator values for TSH,
T3 and T4 in this table are comparable, which aligns with global estimates of
the low burden of thalassaemia and low profiles of complications in both
sexes when access to appropriate care is comparable (Tuo et al., 2024).
While hypogonadism and bone disease are reported, primary hypothyroidism
and subclinical thyroid dysfunction are reported but less frequent, a Pakistan
based analytical study on 2022-2025 noted that iron overload and chronic
inflammation have significant impact on bone and phosphate metabolism in
B thalassemia major, and that many patients had almost normal thyroid
function in early adolescence (Jafri et al., 2025).

In both sexes here, the normal total calcium does not mean absence of
significant skeletal pathology as total calcium will be normal even with high
prevalence of vitamin D deficiency, abnormal phosphate handling and
secondary hyperparathyroidism, even with modest derangements in serum
calcium, as documented by Jafri et al. (2025) in the B thalassemia major
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children. Worldwide, the data show that, as survival increases, there is a
trend toward more chronic complex morbidity, such as an increasing number
of older patients with cumulative endocrinopathy, suggesting that the
“normal” TSH and calcium levels should be considered as an opportunity for
prevention, rather than as safe in the long term ( Tuo et al., 2024; Forni et
al., 2023).

Liver biochemical profile analysis shows that there are numerically
higher means for all four parameters (TSB, AST, ALT, and ALP) for male
patients. In this cohort, however, these sex differences were not statistically
significant (p>0.05), and it is noteworthy that there was a trend toward a
higher AST in males (p=0.070), meaning that liver enzymes are generally
similar between sexes in this population.

Table 2: Comparison of liver function tests between male and female
patients.

Parameters MeanzSE P-value
Male Female
Total serum bilirubin 1.80 £ 0.14 1.63+0.12 0.368

(TSB, mg/dL)
Aspartate aminotransferase | 49.48 +3.61 | 39.66 +4.00 0.070
(GOT/AST, U/L)
Alanine aminotransferase | 45.88 +4.43 | 41.15+6.97 0.567
(GPT/ALT, U/L)
Alkaline phosphatase 153.55+6.82 | 147.82+8.74 | 0.606
(ALP, U/L)

Although mild—moderate elevations of AST, ALT, and ALP in both
sexes are comparable to the known effect of chronic transfusional iron
overload and transfusion transmitted hepatitis on hepatocellular integrity
even in clinically asymptomatic individuals before cirrhosis occurs
(Wijenayake et al., 2025; Shah et al., 2022). A recent study of children with
B thalassemia in Sri Lanka found that 38.9% had high transaminases and
high ferritin (>1000 ng/mL) and the genotype of (HbE/B thalassemia) was an
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independent predictor of raised AST/ALT, indicating that iron overload and
genotype, not sex, were the main causes of liver injury (Wijenayake et al.,
2025). Data from the global burden also indicates that the morbidity from
chronic liver disease is a significant part of the disability associated with
thalassemia, especially in areas where treatment with optimal chelation and
hepatitis prevention is unavailable (Tuo et al., 2024).

Although males had slightly poorer survival overall, the current table
did not show any statistically significant difference between the sexes,
consistent with a study from Italy that found the presence of clinically
significant serum ferritin levels (more than 1000 ng/mL) and liver disease
independently predicted mortality, and that sex did not (Forni et al., 2023).
A systematic review of ferritin and outcomes in 3 thalassemia also showed
that ferritin was positively associated with hepatic and endocrine
complications, adding another layer to the interpretation that there was a
high burden of iron in both sexes here, which is also supported by the ferritin
data in Table 3 (Shah et al., 2022). From a clinical point of view, such
enzyme patterns should lead to more frequent and targeted chelation and
monitoring for viral hepatitis and to more frequent (noninvasive) liver
monitoring (e.g., T2* MRI, elastography) in all patients, not just sex-specific
adjustments. Really, thorough biochemical evaluations in thalassemia
intermedia patients more reveal that parameters similar blood urea, blood
sugar, ALP, and ALT levels are not substantially influenced by sex, but are
mainly linked to disease severity and iron overload. But, a definitive
connotation between the transfusion timer (T-Timer) or the frequency and
space of transfusions and serum liver enzymes (GOT or GPT) remains
incompetently elucidated in the existing literature, highlighting the need for
continuous biochemical and logistical monitoring (Chyad et al., 2026).

As shown in Table 3, there was a significant difference between the
amount of iron accumulated (p=0.010). Male patients exhibited a markedly
higher iron burden (4241.23 = 233.13) compared to females (3329.60 +
261.11 ng/mL). However, at group level (sex), there was no significant
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difference of urea, creatinine and albumin (p > 0.05), so protein status and
conventional renal function were well preserved.

Table 3: Comparison of iron overload, renal function, and albumin between
male and female patients.

Parameters MeanxSE P-value
Male Female
Serum ferritin 4241.23 + 233.13 | 3329.60 + 261.11 | 0.010
(ng/mL)
Urea (mg/dL) 28.47 £ 0.90 26.12 +1.14 0.109
Creatinine (mg/dL) 0.49 £ 0.09 0.36 +£0.02 0.189
Albumin (g/dL) 48.02 £ 0.49 48.61 +0.50 0.400

This ferritin is much higher than ferritin levels considered high risk: In
a systematic review of [ thalassemia studies, authors reported a 14 fold
higher risk of diabetes in patients with persistently elevated ferritin (Shah et
al., 2022), with higher ferritin noted to be associated with poorer clinical
outcomes, particularly endocrine dysfunction.. The study of a large
longitudinal cohort in Italy (709 transfusion dependent patients followed for
up to 50 years) showed that the serum ferritin level >1000 ng/mL was a
powerful independent predictor of death (HR 15.5), in addition to cardiac
disease, confirming the importance of the role of iron burden in survival
(Forni et al., 2023). Further, analyses of MRI based work indicate that
ferritin levels below approximately 1000 ng/mL are often linked with the
absence of clinically significant cardiac and hepatic T2* while higher ferritin
ranges are associated with increased iron deposition in the liver and heart
and a higher risk of organ complications (Shah et al., 2022; Spasiano et al.,
2021). In this table, the mean ferritin level of 3329-4241 ng/mL is a
clinically alarming level of iron overload and is indicative of a high
likelihood of subclinical or overt hepatic or cardiac or endocrine damage,
even though not yet seen in the creatinine or aloumin .

The higher level of ferritin in males is consistent with the findings
from the Italian 50 year cohort, in which male sex was the factor
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contributing to worse survival and a tendency toward higher mortality risk,
at least in part due to greater iron overload and iron related complications
(Forni et al., 2023). There is little evidence of sex difference in incidence or
prevalence at the population level, but the age distribution of morbidity is
moving towards older patients who have survived with chronic iron
overload, so that the observed male—female difference in ferritin levels here
could translate to increased long-term risk in male patients if not
aggressively corrected, as suggested by burden data ( Tuo et al., 2024). Sri
Lanka-based pediatric cross sectional data also show that high ferritin levels
(>1000 ng/mL) are independently associated with increased transaminases,
and that a percentage of the children have low eGFR despite them being
relatively young, especially within the transfusion dependent B thalassemia
and deferasirox treated groups, demonstrating early renal involvement in
some children even when serum creatinine remains “normal” (Wijenayake et
al., 2025). Simultaneously, the Pakistani study on phosphate homeostasis
had a median ferritin level of 2768 ng/mL, substantial burden of bone/joint
pain, extensive vitamin D deficiency and complex FGF 23-mediated
phosphate dysregulation, further confirming the association of very high
levels of ferritin with multi organ subclinical disease beyond liver and heart
(Jafri et al., 2025).

The liver profile can be analysed to show a striking change in the
clinical condition of patients with B-thalassemia major. A significant
increase (p<0.001) was seen in each of the liver parameters that were
statistically evaluated. Specifically, TSB rose from 0.70 + 0.03 mg/dL to
2.14 + 0.11 mg/dL and GOT and GPT showed a huge increase of 71.22 and
'83.82 UJ/L respectively. Additionally, the level of ALP was elevated to
152.25 + 5.39 U/L, indicating a high degree of hepatocellular injury.

Table 4: Liver function parameters in thalassemia major patients.

variable Cut- | Normal Normal Abnormal P-
off n (MeanzSE) | (MeanzSE) | value
Total Serum 1.0 51 0.70+0.03 | 2.14+0.11 | <0.001
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Bilirubin (TSB,
mg/dL)
Aspartate 40 103 |26.10+0.73| 71.22+ |<0.001
Aminotransferase 491
(GOT, U/L)
Alanine 40 113 | 20.50+£0.92 83.82+ |<0.001
Aminotransferase 8.50
(GPT, U/L)
Alkaline 50 2 48.00+£1.00 | 152.25+ |<0.001
Phosphatase (ALP, 5.39
U/L)

Based on these results, this study concludes that the results are clear
evidence of significant hepatic impairment in beta-thalassemia major
patients, mainly due to the chronic transfusion therapy-induced iron overload
and the ineffective erythropoiesis-induced oxidative stress and hepatocellular
injury. High bilirubin levels suggest decreased clearance or increased
hemolysis, whereas high transaminase levels suggest active liver cell damage
and high ALP may be related to cholestasis or be due to bone disease caused
by marrow expansion or iron toxicity .

The results of this study are consistent with several recent studies
reporting that liver dysfunction is a frequent complication in beta-
thalassemia major across the globe (Wijenayake et al., 2025; Mohammadi et
al., 2018). Mohammadi et al., 2018 in a randomized trial, showed that
curcumin reduces the levels of ALT and AST, as it helps to alleviate liver
damage caused by iron overload, thereby supporting the involvement of
oxidative stress in pathogenesis (Mohammadi et al., 2018). Similarly,
elevated transaminase levels were strongly correlated with high ferritin
levels (>1000 ng/mL) indicating iron burden as one of the factors
responsible for liver damage, in a cross-sectional study performed in Sri
Lankan pediatric patients (Wijenayake et al., 2025). These results are in line
with Origa et al.'s findings, which revealed that hepcidin abnormality is
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associated with iron overload and liver damage in thalassemia major (Origa
et al., 2007).

Thyroid stimulating hormone (TSH), T3, and T4 levels were
significantly elevated in the abnormal group (TSH: 6.94 = 0.35 vs. 2.77 %
0.09 mIU/L; T3: 2.64 £ 0.05 vs.1.66 +0.04 nmol/L; T4:190.67 +4.63
vs.106.50 £1.89 nmol/L; all p <0.001). The difference in calcium level
among groups was not significant (p =0.314).

Table 5: Thyroid hormone and calcium levels in thalassemia major patients.

variable Cut- | Normal Normal Abnormal P-
off n (Mean£SE) | (Mean£SE) | value
Thyroid 5.0 139 2.77+0.09 | 6.94 +0.35 | <0.001
Stimulating
Hormone

(TSH, plu/mL)
Triiodothyronine | 2.0 70 1.66 £0.04 | 2.64 £0.05 | <0.001

(T3, nmol/L)
Thyroxine 180 176 106.50 £ 190.67 + | <0.001
(T4, nmol/L) 1.89 4.63
Calcium
(Ca, mg/dL) 10 172 | 9.13+0.08 | 2241+ 0.314

12.10

The elevated levels of TSH, T3, and T4 observed in patients with
Thalassemia Major strongly indicate subclinical or compensated thyroid
dysfunction, likely due to iron overload-induced damage to the thyroid gland
and hypothalamic-pituitary axis. This aligns with findings from Casale et al.
(2014), who reported a low incidence but persistent risk of endocrine
complications, including hypothyroidism, during long-term deferasirox
therapy, emphasizing the importance of ongoing thyroid function monitoring
(Casale et al., 2014). Similarly, Evangelidis et al. (2023) highlighted iron
overload and oxidative stress as key contributors to endocrine dysfunction in
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B-thalassemia, reinforcing the biological plausibility of these hormonal
alterations (Evangelidis et al., 2023).

Conversely, serum calcium levels did not show statistically significant
differences between normal and abnormal groups despite large variability,
consistent with Aliberti et al. (2022), who found that hypercalciuria rather
than serum calcium abnormalities predominates in thalassemia major
patients on deferasirox (Yang et al., 2020). This suggests that calcium
homeostasis may be maintained through compensatory mechanisms or
effective supplementation strategies, although disturbances in mineral
metabolism remain clinically relevant given their association with bone
disease and renal complications (Jafri et al., 2025; Premawardhena et al.,
2024). Yang et al. (2020) further demonstrated that hypothyroidism
correlates with lower bone mineral density in Thalassemia Major patients,
underscoring the clinical impact of thyroid dysfunction on skeletal health
(Casale et al., 2021).

The biochemical analysis reveals a highly significant escalation (p <
0.001) in both renal and glycemic markers. Blood urea levels in the
abnormal group reached 46.94 + 0.81 mg/dL, while Random Blood Sugar
(RBS) surged to 163.30 = 9.81 mg/dL. These elevations point toward early-
stage metabolic and renal stress in S-thalassemia patients.

Table 6: Renal function and biochemical markers in thalassemia major
patients.

variable Cut- | Normal Normal Abnormal P-
off n (Mean+SE) | (MeanSE) | value
Ferritin (ng/mL) | 150 0 NA NA NA
Blood urea 40 162 25.42 + 46.94 + <0.001
(mg/dL) 0.59 0.81
Creatinine 1.0 178 NA NA NA
(mg/dL)

1Y)
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Albumin (g/dL) | 5.0 0 NA NA NA

Higher blood urea suggests mild renal impairment, which may be due
to iron overload nephrotoxicity or may be a side effect of chelation therapy,
including use of deferasirox (Wijenayake et al.,2025; Taher &
Cappellini,2018). The prevalence of hyperglycemia is associated with
pancreatic deposition of iron in thalassemia major patients, which is a
common endocrine disorder (Habeb et al., 2025). Ferritin data are not
available here but in literature, high ferritin has always been associated with
multi-organ damage such as renal dysfunction (Musallam et al., 2011). The
results emphasize the need to monitor both the metabolic and renal function,
as well as chelating the iron, to lower the risk of morbidity. The data
presented herein indicate that liver dysfunction, thyroid disorders, renal
dysfunction and metabolic disorders are common complications among
TMA patients resulting from chronic transfusions and iron overload
(Wijenayake et al., 2025; Aliberti et al., 2022). Elevations also were
statistically significant for all liver enzymes and thyroid hormones and
underscore the important need for robust biochemical monitoring and the
application of optimized chelation therapy (Pinto & Forni, 2020). Although
there are no ferritin measurements available here, there is strong evidence
that this is a good predictor of morbidity risk (Musallam et al., 2011). From
the clinical - perspective, - these - findings-call —for—individualised
multidisciplinary  care = combining hepatology, endocrinology, and
nephrology and metabolic skills.

Correlation between the inflammatory and biochemistry factors :
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The interrelationships between 14 clinical biomarkers are well known
and illustrated in the correlation matrix (n = 179). Analysis of the data shows
very high positive correlation between GOT and GPT (r = 0.90), and also
significant correlation between Serum Ferritin and GOT (r = 0.44),
indicating that iron overload is the main cause of hepatocellular injury

Correlation Heatmap (including T-TIMER)
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synchronised as shown in Figure 4.

Figure 4: Pearson’s correlation heatmap analysis of iron overload, hepatic,
renal, and endocrine“biomarkers in a random.cohort of beta-thalassemia
major patients«(n=179).

This correlation matrix gives a detailed matrix for the
pathophysiological relationships between 14 clinical biomarkers in a
randomly sampled thalassemic group. AST and ALT (GOT and GPT) are
highly and significantly correlated (r = 0.90) indicating coordinated
hepatocellular damage by iron. This aligns with previous research showing a
correlation between higher transaminases levels and liver damage in
thalassemia major (Eren et al., 2023; Cao & Galanello., 2023). Moreover,
there was a significant positive correlation between Serum Ferritin (the main
iron overload parameter) and GOT (r = 0.44) indicating that it is a good
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marker of iron burden and liver dysfunction as reported by Origa (2016) and
Eren et al (2023).

There is also a significant inverse correlation between Ferritin and
thyroid hormones (T4 r = -0.30; T3 r = -0.23). These negative correlations
suggest that iron overload exerts an inhibitory effect on thyroid function, and
are in line with previous reports of hypothyroidism as a frequent endocrine
disorder associated with iron deposition in endocrine tissues (Origa, 2016;
Rumaney et al., 2014). Moreover, there was moderate positive correlation
between TSH and Creatinine (r = 0.29), which indicates that there may be an
interaction between kidney failure and thyroid dysfunction, consistent with
the multisystemic effects reported for iron toxicity (Cao & Galanello., 2023).
On the other hand, indicators like T-TIMER and S., There were no
significant correlations between any of the variables related to Ca++,
suggesting that it was relatively independent from organ damage associated
with iron. There were no significant correlation with organ damage related to
Ca++, making it relative independent of iron in this population (Eren et al.,
2023).

Conclusion

The results of this study suggest that the most important parameter
leading to multiorgans dysfunction in the patients of major B-thalassemia . is
the chronic iron overload in these patients, especially in male children with
mean ferritin level of 4241.23 ng/mL. Our statistical model shows that high
variability in thyroid function is directly explained by serum ferritin level,
therefore serum ferritin is not only a storage indicator, but it's also a key
predictive biomarker. The level of ferritin levels observed at this stage is
critical and warrants immediate escalation of chelation therapy to avoid
irreversible tissue damage and to enhance the long term quality of life of the
patients in Al-Kut city.
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