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[bookmark: _pvk9u8wbg503]ABSTRACT
Background: Beta-thalassemia major (β-TM) is a severe hereditary disorder characterized by multi-system complications. Vitamin D deficiency is a common and critical comorbidity in these patients, and it is increasingly linked to the severity of hepatic and metabolic dysfunction.
Aim: This study aimed to evaluate the serum levels of vitamin D3 in a cohort of Iraqi patients with β-TM and to investigate its correlation with a panel of key biochemical markers reflecting liver, metabolic, and mineral health.
Methods: A cross-sectional study was conducted on 50 transfusion-dependent β-TM patients at the Diwaniyah Thalassemia Center in Iraq between April and July 2025. Serum vitamin D3 was measured using a chemiluminescence immunoassay (CLIA), while other biochemical markers, including liver enzymes, lipids, and minerals, were analyzed on a fully automated analyzer. Pearson correlation was used to assess the relationships between variables.
Results: The study was conducted on 50 patients with major beta -beta -essentials between the ages of 3 and 23, and an average age of 14.4 ± 6.1 years, with a minor male dominance by 54%. A high prevalence of vitamin D deficiency or insufficiency was found, affecting 84% of the patients. Significant hepatic dysfunction was evident, with elevated AST (56%), ALP (82%), and universal hyperbilirubinemia (100%). Dyslipidemia was also common, with 94% of patients showing low total cholesterol. A statistically significant inverse correlation was established between serum vitamin D levels and Alanine Aminotransferase (ALT) (r = -0.371, p = 0.008).
Conclusion: Vitamin D deficiency is highly prevalent among Iraqi β-TM patients and is significantly associated with liver injury, highlighting the importance of routine screening and management of this deficiency to mitigate disease-related complications.
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[bookmark: _y6n0f29y1f8j] INTRODUCTION
Beta-thalassemia major (β-TM) is a hereditary hemoglobinopathy characterized by defective β-globin synthesis, necessitating lifelong blood transfusions and leading to severe complications such as iron overload, organ damage, and endocrine dysfunction (Bain & Rees, 2025; Shafique et al., 2021). It imposes a significant global health burden, particularly in Mediterranean and Middle Eastern regions like Iraq, where carrier rates reach 4–10% and consanguinity exacerbates prevalence (Alsaeed et al., 2018). The disease contributes to high morbidity and mortality due to complications like cardiomyopathy, liver fibrosis, and skeletal deformities, straining healthcare resources and diminishing patients' quality of life (Rivella, 2019).
Managing β-TM remains challenging despite therapeutic advances. Iron overload from transfusions drives oxidative stress and end-organ damage, while endocrine disorders—including hypothyroidism, diabetes, and hypoparathyroidism—frequently arise (Al-ghrer et al., 2023; Wong et al., 2016). Bone disease, manifesting as osteopenia, osteoporosis, and fractures, is often misattributed to anemia or chelation toxicity, delaying intervention (Soliman et al., 2013). Nutritional deficiencies, particularly vitamin D3 insufficiency, further complicate care, as hepatic iron deposition impairs vitamin D hydroxylation and calcium metabolism (Alzubaidi et al., 2025).
Emerging evidence suggests vitamin D3 deficiency correlates with biochemical derangements in β-TM. Studies indicate that low 25-hydroxyvitamin D (25-OH-D) levels associate with elevated liver enzymes (ALT, AST), hyperparathyroidism (PTH), and dysregulated calcium-phosphorus homeostasis (Sultan et al., 2016). Iron overload, reflected by hyperferritinemia, may exacerbate vitamin D inactivation via hepatic dysfunction and inflammatory pathways (Vogiatzi et al., 2009). Additionally, renal impairment from iron deposition could reduce vitamin D activation, creating a vicious cycle of bone demineralization (Hamed & ElMelegy, 2010).
Metabolically, vitamin D3 regulates calcium absorption and bone mineralization. In β-TM, iron accumulation in the liver disrupts 25-hydroxylation of vitamin D, while renal iron toxicity may impair 1α-hydroxylation, diminishing active 1,25-(OH)2D3 (Salama et al., 2015). This deficiency elevates PTH, triggering bone resorption and worsening osteoporosis. Concurrently, chronic inflammation from hemolysis and iron overload suppresses osteoblast activity and upregulates osteoclastogenesis, independent of vitamin D pathways (Chatterjee & Bajoria, 2009). Hypocalcemia and hyperphosphatemia further disrupt bone turnover markers like alkaline phosphatase (ALP) (Sultan et al., 2016).
This study aims to evaluate serum vitamin D3 levels and their correlation with liver enzymes (ALT, AST, ALP), renal markers (creatinine, urea), PTH, calcium, phosphorus, and ferritin in Iraqi β-TM patients. By elucidating these relationships, we seek to inform targeted interventions to mitigate metabolic complications in this vulnerable population.
[bookmark: _7vz4y4k1gh6o] MATERIALS AND METHODS 
[bookmark: _14u57rwf1xye]Study Design and Ethical Approval
A cross-sectional study was conducted at the Thalassemia Center in Diwaniyah, Iraq, from April 20, 2025, to July 20, 2025. Ethical approval was obtained from the Institutional Review Board of the Diwaniyah Health Directorate (Approval No. 4696-12-3-2025), adhering to the Declaration of Helsinki principles. Written informed consent was secured from all participants or their guardians prior to enrollment.
[bookmark: _b1azryknf4db]Study Participants
Fifty patients with β-thalassemia major (β-TM), diagnosed via Hb electrophoresis and genetic testing, were included in this study. All patients were transfusion-dependent (receiving packed RBCs every 2–4 weeks) and were on iron chelation therapy (deferasirox/deferoxamine). Exclusion criteria included a history of renal or liver disease unrelated to thalassemia, vitamin D supplementation, viral hepatitis, or prior splenectomy.
[bookmark: _9h1w0bu235xw]Sample Collection and Processing
Venous blood (10 mL) was drawn from fasting participants. A portion of the sample was collected in EDTA tubes for complete blood count (CBC) analysis, while the remainder was placed in clot activator tubes for serum separation. Samples were centrifuged at 3,000 rpm for 15 minutes within one hour of collection. The resulting serum was then aliquoted and stored at −80°C until analysis.
[bookmark: _cquws336l844]Biochemical Assays
All biochemical assays, with the exception of Vitamin D3, were performed on a fully automated Mindray biochemical analyzer using standard enzymatic and colorimetric methods. These parameters included:
· Liver Function Panel: Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST), Alkaline Phosphatase (ALP), and Total Bilirubin (TBIL).
· Metabolic and Renal Panel: Uric Acid (UA), Urea, and Lactate Dehydrogenase (LDH).
· Lipid Panel and Glucose: Total Cholesterol (TC), Triglycerides (TG), and Glucose (GLU).
· Mineral and Iron Panel: Calcium (Ca) and serum Iron (Fe).
The serum level of 25-hydroxyvitamin D (Vitamin D3) was measured using a chemiluminescence immunoassay (CLIA) technique on a fully automated CL-series analyzer. All assays were performed according to the manufacturers' guidelines, with strict internal quality controls.
[bookmark: _dppwvggjk124]Statistical Analysis
Data were analyzed using SPSS version 29. Descriptive statistics, including mean and standard deviation (SD), were calculated for all continuous variables. The relationships between Vitamin D3 and other biochemical markers were assessed using the Pearson correlation coefficient. A P-value of < 0.05 was considered statistically significant.

[bookmark: _2pgnknxfhk01]Results
The biochemical profiles of 50 patients with β-thalassemia major were analyzed. The results detailing the prevalence of abnormal findings and the significant correlations between key biochemical markers are presented below.
[bookmark: _rzt5owi0fgcc]Sociodemographic Characteristics
The study cohort consisted of 50 patients, with a slight predominance of males (n=27, 54%) over females (n=23, 46%). The age of the patients ranged from 3 to 23 years, with a mean age of 14.4±6.1 years. For further analysis, the patients were stratified into two age groups, revealing that 26 patients (52%) were aged 15 years or younger, while 24 patients (48%) were older than 15 years. The complete demographic data is summarized in Table 1.
[bookmark: _3ht8etrkyuis]Table 1: Sociodemographic Characteristics of the Study Cohort (N=50)
	Characteristic
	Category
	Number (n)
	Percentage (%)

	Sex
	Male
	27
	54%

	
	Female
	23
	46%

	Age (Years)
	Mean ± SD
	14.4 ± 6.1
	-

	
	Range (Min-Max)
	3 - 23
	-

	Age Group
	≤ 15 years
	26
	52%

	
	> 15 years
	24
	48%



[bookmark: _b151fs7zuzfp]Biochemical Profile of Patients
The descriptive statistics for all measured parameters, alongside the percentage of patients with values outside the normal reference ranges, are summarized in Table 2. Liver function markers were frequently dysregulated. While the mean Alanine Aminotransferase (ALT) was within the reference range, 32% of patients had elevated levels. Aspartate Aminotransferase (AST) and Alkaline Phosphatase (ALP) were more consistently abnormal, with 56% and 82% of patients, respectively, showing elevated values. Notably, all patients (100%) exhibited hyperbilirubinemia, with Total Bilirubin (TBIL) levels significantly above the normal range. Widespread vitamin D deficiency or insufficiency was a critical finding, affecting 84% of the cohort. Furthermore, a substantial proportion of patients displayed dyslipidemia, with 94% having low Total Cholesterol (TC) and 42% showing elevated Triglycerides (TG). Markers of mineral metabolism were also affected, as 48% of patients had hypocalcemia.
[bookmark: _54l4kg4gp3tc]Table 2: Descriptive Statistics and Percentage of Abnormal Cases (N=50)
	Parameter
	Mean ± SD
	Abnormal Cases (%)

	ALT (U/L)
	31.88 ± 20.58
	32%

	AST (U/L)
	45.87 ± 30.43
	56%

	ALP (U/L)
	216.82 ± 113.58
	82%

	TBIL (mg/dL)
	2.11 ± 1.08
	100%

	UA (mg/dL)
	3.71 ± 1.41
	14%

	LDH (U/L)
	346.32 ± 222.71
	68%

	GLU (mg/dL)
	181.60 ± 180.37
	10%

	TC (mg/dL)
	104.94 ± 22.31
	94%

	TG (mg/dL)
	179.34 ± 155.76
	42%

	Ca (mmol/L)
	2.22 ± 0.12
	48%

	Vit D (ng/mL)*
	23.46 ± 16.16
	84%


*Abnormality for Vitamin D defined as insufficient (<30 ng/mL) or deficient (<20 ng/mL).
[bookmark: _d2dxq5jlqkmv]Correlations Between Biochemical Markers
To understand the relationships between these findings, a Pearson correlation analysis was performed (Table 3). A key finding was the significant inverse relationship between serum Vitamin D and markers of liver function and metabolic health. Lower Vitamin D levels were significantly correlated with higher ALT levels (r=−0.371,p=0.008). Vitamin D also showed a significant negative correlation with TC (r=−0.367,p=0.009) and a positive correlation with TBIL (r=0.434,p=0.002).
Liver injury markers were strongly inter-correlated, and AST in particular served as a hub for metabolic dysregulation, showing a very strong positive correlation with Uric Acid (r=0.805,p<0.001) and TC (r=0.625,p<0.001), as well as significant correlations with Urea and Glucose. This indicates a strong link between liver stress and broader metabolic disturbances. Another important finding was the significant negative correlation between serum Calcium and multiple markers of metabolic dysfunction, including AST (r=−0.685,p<0.001), Glucose (r=−0.420,p=0.002), and Uric Acid (r=−0.380,p=0.006).
[bookmark: _l50nzrlw4a6u]Table 3: Pearson Correlation Matrix for Biochemical Parameters
	
	ALT
	AST
	ALP
	TBIL
	UA
	UREA
	LDH
	GLU
	TC
	TG
	Ca
	Fe
	Vit D

	ALT
	1
	
	
	
	
	
	
	
	
	
	
	
	

	AST
	0.53**
	1
	
	
	
	
	
	
	
	
	
	
	

	ALP
	-0.12
	-0.15
	1
	
	
	
	
	
	
	
	
	
	

	TBIL
	-0.23
	0.15
	-0.14
	1
	
	
	
	
	
	
	
	
	

	UA
	0.14
	0.80**
	-0.36**
	0.42**
	1
	
	
	
	
	
	
	
	

	UREA
	0.19
	0.47**
	0.06
	0.14
	0.49**
	1
	
	
	
	
	
	
	

	LDH
	0.71**
	0.33*
	-0.28*
	-0.14#
	0.1
	0.07
	1
	
	
	
	
	
	

	GLU
	-0.12
	0.37**
	-0.22
	-0.08
	0.54**
	0.58**
	0.13
	1
	
	
	
	
	

	TC
	0.15
	0.62**
	-0.16
	-0.1
	.54**
	0.23
	0.21
	0.64**
	1
	
	
	
	

	TG
	0.01
	-0.12
	-0.4**
	0.02
	-0.09
	-.47**
	0.15
	-0.22
	0.16
	1
	
	
	

	Ca
	-0.34*
	-0.68**
	-0.02
	0.25
	-0.38
	-0.37**
	-0.31*
	-0.42**
	-0.36**
	0.38**
	1
	
	

	Fe
	0.02
	-0.21
	0.08
	-0.13
	-0.17
	-0.11
	-0.304*
	-0.4**
	-0.41**
	-0.13
	0.39**
	1
	

	Vit D
	-0.37**
	-0.05
	0.197
	0.43**
	0.04
	0.26
	-0.19
	-0.11
	-0.36**
	-0.24
	-0.09
	0.05
	1


*. Correlation is significant at the 0.01 level (2-tailed). . Correlation is significant at the 0.05 level (2-tailed).
[bookmark: _twlyagsxrv5l]DISCUSSION 
The study was conducted the major beta -beta -essentials between the ages of 3 and 23, and an average age of 14.4 ± 6.1 years, with a minor male dominance by 54%.This is consistent with what (Yu et al., 2019)  mentioned in his study, as he referred to in young children, β-talessemia Major (β-TM) is associated with potential acute clinical properties, including poor growth, nutrition difficulties, liver, bone metabolism, and structural deformities.
Elevated levels of Aspartate Aminotransferase (AST) and Alkaline Phosphatase (ALP) were observed in 56% and 82% of patients, respectively. This pattern of liver enzyme elevation is a well-documented consequence of hepatic siderosis resulting from transfusional iron overload, which induces oxidative stress and hepatocellular damage (Salama et al., 2015). Our results are highly consistent with the findings of (Alzubaidi et al., 2025) , who also reported significantly higher AST and ALP levels in thalassemic patients compared to healthy controls. Furthermore, the universal presence of hyperbilirubinemia (100% of patients) is a direct consequence of chronic hemolysis and ineffective erythropoiesis, the primary pathological mechanisms of β-thalassemia major.
One of the most critical findings of this study is the high prevalence of vitamin D deficiency and insufficiency, affecting 84% of the cohort. This is a common and serious comorbidity in thalassemia, with a multifactorial etiology. The primary cause is believed to be impaired 25-hydroxylation of vitamin D in the liver due to iron-induced hepatic dysfunction (Soliman et al., 2013). Our prevalence rate is in strong agreement with studies from the region and beyond. For instance, (Al-Rubae et al., 2023) reported a prevalence of 87.5% in a cohort from Wasit, Iraq, while (Abdelmotaleb et al., 2021) found that 49% of Egyptian thalassemic children had either deficient or insufficient levels. This vitamin D deficiency is closely linked to disturbances in mineral metabolism, as evidenced by the 48% prevalence of hypocalcemia in our study. This finding aligns with the work of (Sultan et al., 2016) , who noted hypocalcemia in 66.6% of their patients and attributed it to secondary endocrinopathies such as hypoparathyroidism, another known complication of iron overload.
This is consistent with what  (Sultan et al., 2016) mentioned, as he indicated in his study until the biochemical appearance may be significantly changed in patients with vital chemistry abnormalities associated with dungeon and thirty such as hypoglycemia, vitamin D deficiency 25-OH, and the lack of phosphate in the blood are not uncommon in Pakistani patients who suffer from main Thalassemia.
The study also identified a distinct pattern of dyslipidemia, characterized by low Total Cholesterol (TC) in 94% of patients and elevated Triglycerides (TG) in 42%. The marked hypocholesterolemia is likely a consequence of hepatic dysfunction, as the liver is the primary site of cholesterol synthesis. Similar findings of altered lipid profiles have been reported, linking them to the severity of liver iron overload (Kassab-Chekir et al., 2003).
The correlation analysis provides deeper insights into the pathophysiological mechanisms linking these biochemical abnormalities. The significant inverse correlation between Vitamin D and ALT (r = -0.371, p = 0.008) is a central finding. This statistically validates the hypothesis that hepatocellular injury, reflected by elevated ALT, directly contributes to poor vitamin D status. This relationship supports the theory that impaired hepatic hydroxylation is a key mechanism of vitamin D deficiency in this population (Fahim et al., 2013). While (Alzubaidi et al., 2025) observed a similar negative trend, it was not statistically significant; our larger sample size likely provided the statistical power to confirm this clinically important association.
AST emerged as a central hub for metabolic dysregulation. Its remarkably strong positive correlation with Uric Acid (r = 0.805, p < 0.001) is particularly noteworthy. This likely reflects the massive cell turnover from both ineffective erythropoiesis and systemic tissue damage, leading to the release of purines that are catabolized into uric acid. The additional significant positive correlations of AST with Urea, Glucose, and TC suggest that hepatic stress is not an isolated event but is intrinsically linked to a broader metabolic syndrome in these patients. This network of correlations implies that as liver damage worsens, so does the overall metabolic control.
The strong negative correlation between AST and serum Calcium (r = -0.685, p < 0.001) is another critical observation. It suggests that advancing liver disease is closely associated with worsening hypocalcemia. This link may be mediated through multiple pathways, including impaired vitamin D activation in the damaged liver and the development of iron-induced endocrinopathies like hypoparathyroidism, which directly disrupts calcium homeostasis  (Sultan et al., 2016). Similarly, the negative correlation between serum Iron (Fe) and markers of metabolic health such as LDH, Glucose, and TC further supports the established role of iron overload in driving systemic organ dysfunction through oxidative stress.
[bookmark: _mp85oc8lhwmu]CONCLUSIONS 
This study demonstrates significant and widespread biochemical derangements in Iraqi patients with β-thalassemia major. A high prevalence of hepatic dysfunction, characterized by elevated liver enzymes, and a critical prevalence of vitamin D deficiency (affecting 84% of the cohort) were identified. These findings were often accompanied by significant disturbances in mineral and lipid metabolism, including hypocalcemia and hypocholesterolemia. Crucially, our analysis established a significant inverse correlation between vitamin D levels and alanine aminotransferase (ALT), providing strong evidence that hepatic injury is a key contributor to the poor vitamin D status in this population. The intricate network of correlations, particularly the central role of AST in linking liver stress to broader metabolic and mineral imbalances, underscores the multi-systemic nature of the disease's complications.
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