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CORRELATION BETWEEN VITAMIN D SERUM AND DELAYED BONE AGE WITH SERUM FERRITIN LEVEL IN CHILDREN WITH BETA THALASSEMIA
ABSTRACT 

	Aims: To determine the correlation between vitamin D serum and delayed bone age with serum ferritin level in children with beta thalassemia.
Study design:  A cross-sectional study. 
Place and Duration of Study: Pediatric Hematology and Oncology outpatient clinic and inpatient ward, Ulin General Hospital, Banjarmasin, South Kalimantan, Indonesia, between January 2024 and March 2024.
Methodology: We included 55 patients (34 male, 21 female; age range 2-18 years) with beta thalassemia, who underwent outpatient and inpatient treatment. Ferritin serum, 25-OH vitamin D level, and bone age were measured on the day of treatment. Bivariate analysis used the Spearman correlation test, with results considered significant if p<0.05.
Results: Out of 55 patients, 50 patients (90,9%) of patients experienced vitamin D insufficiency/deficiency and 15 patients (27,3%) experienced delayed bone age. There was very weak and not significant correlation between serum ferritin level and serum vitamin D 25-OH level (r= -0,12; p=0,38) also between serum ferritin level and delayed bone age (r= 0,09; p=0,51).
Conclusion: There is no correlation between serum ferritin level and vitamin D level nor delayed bone age in children with beta thalassemia.
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1. INTRODUCTION 

Beta thalassemia is the most common genetic disorder worldwide. The highest carrier frequencies of the beta thalassemia gene are reported in the Maldives (18%), Cyprus (14%), Sardinia (10.3%), and Southeast Asia (3-5%) (Origa et al., 2025). Indonesia is one of the countries in the global thalassemia belt, namely countries with a high frequency of the thalassemia gene. The prevalence of Thalassemia trait carriers in Indonesia is on average 3-10% (Rujito, 2019). This disease is a disorder of hemoglobin synthesis, especially the β globin chain, due to mutations in the β globin gene, which is inherited in an autosomal recessive so that the production of the beta globin chain is reduced or not formed at all (Kementerian Kesehatan Republik Indonesia, 2018). This causes severe anemia and requires red blood cell transfusions in the first few years of life (Wahidiyat and Permono, 2018). High mortality and morbidity in thalassemia patients are a consequence of iron overload (Arfie et al., 2022). Iron overload due to blood transfusions can be monitored by examining serum ferritin and can be detoxified with iron chelation (Wahidiyat and Permono, 2018). Administration of iron chelation with good compliance results in low serum ferritin levels (Triwardhani et al., 2022). 
Several studies from various parts of the world show that children with beta thalassemia major tend to be deficient in vitamin D. A study in India found that 63.9% children with Beta Thalassemia Major had vitamin D deficiency (Meshram et al., 2025). A study from Egypt found that vitamin D insufficiency was 40% and vitamin D deficiency was 9% in pediatric patients with beta thalassemia major (Abdelmotaleb et al., 2021). The cause of vitamin D deficiency in thalassemia patients is not yet known for certain, but it is possible that vitamin D hydroxylation in the liver is disrupted when liver iron concentrations increase as a result of excess iron transfusion (Verma et al., 2020). Vitamin D deficiency causes abnormal levels of calcium, phosphorus, and bone metabolism. Decreased absorption of calcium and phosphorus in the intestine causes an increase in parathyroid hormone which mobilizes calcium from the bones and increases the secretion of phosphorus in the urine. Increased parathyroid hormone weakens bones and reduces Bone Mineral Density (BMD) due to osteopenia and osteoporosis, in addition to osteomalacia. In children, vitamin D deficiency causes growth retardation and bone deformities, rickets, and increases the risk of fractures (Yati et al., 2018).
Increased ferritin levels will form free radicals, namely oxyradicals. Oxyradicals cause damage to cellular lipids, nucleic acids, proteins and carbohydrates and cell organelles such as lysosomes, mitochondria and plasma membranes, thereby disrupting the function of these organelles, then cell death and organ damage will occur (Yadav and Singh, 2022). Damage to endocrine organs will cause growth hormone deficiency, hypogonadism, hypothyroidism, and hypoparathyroidism (Chiew et al., 2021). These hormonal disorders then cause inhibition of osteoblast activity and increased osteoclast activity. This results in impaired osteoid maturity and growth failure (Gaudio et al., 2019). The diagnosis of growth failure in children and adolescents can be confirmed by delayed bone age through bone age examination (Fung and Angastiniotis, 2025). 
Previous studies showed that serum ferritin levels were significantly negatively correlated with vitamin D levels, but other studies did not find a significant correlation between serum ferritin and vitamin D in children with thalassemia major (Meshram et al., 2025; Shaykhbaygloo et al., 2020). Similarly, previous studies reported a strong positive correlation between serum ferritin levels and delayed bone age, but several other studies did not find a relationship between the two (Ayudhia and Rini, 2020; Napitu et al., 2020). Therefore, researchers are interested in knowing the correlation between serum ferritin levels and vitamin D levels and delayed bone age in children with beta thalassemia.
2. methodology 

This study is an observational cross-sectional design study in pediatric patients aged 2-18 years with a diagnosis of beta thalassemia. Baseline patient data were obtained through anamnesis, anthropometric examination, laboratory serum ferritin, vitamin D 25-OH and bone age on the day the patient was treated at the outpatient clinic and inpatient ward of Pediatric Hematology and Oncology Ulin General Hospital Banjarmasin, from January 2024 to March 2024. Serum ferritin and vitamin D 25-OH examinations were performed at the Clinical Pathology Laboratory of Ulin General Hospital Banjarmasin using the CMIA (Chemiluminescent Microparticle Immuno Assay) method, while bone age was performed at the Radiology Unit of Ulin General Hospital Banjarmasin. Inclusion criteria were children aged 2-18 years who had been diagnosed with beta thalassemia, complete patient medical records (containing information on age, gender, routine laboratory test results, weight, height, nutritional status, length of diagnosis, history of iron chelation, age of transfusion onset, transfusion frequency, and duration of packed red cell transfusions), and family willingness to participate in the study as indicated by completing the research informed consent form. Exclusion criteria were syndromic disorders (clinical Down syndrome, Turner syndrome, Russell-Silver syndrome, Klinefelter syndrome, Patau syndrome, or Edwards syndrome), suffering from other severe chronic diseases (leukemia, hemophilia, congenital heart defects or kidney disorders), receiving vitamin D supplementation in the last 3 months, or having received growth hormone therapy. Serum ferritin is classified into ferritin <1000 ng/ml and ferritin ≥ 1000 ng/ml based on the initiation of iron chelation. Serum ferritin is also classified into ferritin ≤ 2500 ng/ml (mild-moderate) and ferritin > 2500 ng/ml (severe) based on the classification of iron overload. Vitamin D insufficiency/deficiency is diagnosed when serum vitamin D 25-OH levels are <30 ng/ml, and normal if ≥ 30 ng/ml. Delayed bone age is diagnosed when the difference between chronological age and bone age is >24 months, and normal if ≤ 24 months.
The collected data were entered into the SPSS® 23 software program. Univariate analysis was performed to present patient characteristics data and measurement results of independent and dependent variables. Categorical data will be displayed as frequencies and proportions, while continuous data will be presented in the form of mean ± standard deviation, or median (minimum value-maximum value). Bivariate analysis to determine the correlation between serum ferritin levels with vitamin D levels and delayed bone age (in a categorical scale) was performed using the Spearman correlation test. The significance of the test results if the p value <0.05. This study has obtained ethical eligibility from the Research Ethics Commission of Ulin General Hospital, Banjarmasin, South Kalimantan with the number: No.250/XI-Reg Riset/RSUDU/23
3. results and discussion

3.1 Subject Characteristics 

Fifty-nine beta thalassemia patients who met the inclusion and exclusion criteria were interviewed, and anthropometric measurements, laboratory tests, and bone age were performed. Four patients were excluded from the study due to the loss of one blood sample and the inability to obtain a definitive ferritin level of more than 2000 ng/ml for three blood samples, making them unanalyzable. The final sample size was 55 patients who met the criteria and were available for analysis. The characteristics of the sample in this study are shown in Table 1.
Table 1. Subject characteristics

	Variable
	Result (n = 55) 

	Sex, n (%)
Male
Female
	
34 (61.8)
21 (28.2)

	Age (month) mean + SD
	131.71+51.57

	Age group, n (%)
>24-60 months
61-120 months
121-216 months
	
4 (7.3)
18 (32.7)
33 (60)

	Body weight (kilograms), median (min-max)
	24 (10-55) 

	Height (cm), mean + SD
	126.52+18.5

	Nutritional status W/A (n,%)
Severely underweight
Underweight
Normoweight
	
1 (1.8)
33 (60)
21 (38.2)

	Nutritional status H/A (n,%)
Stunting
Short stature
Normoheight
	
3 (5.5)
33 (60)
19 (34.5)

	Nutritional status W/H (n,%)
Severe malnutrition
Moderate malnutrition
      Well nourished
	
0 (0)
19 (34.5)
36 (65.5)

	Length of diagnosis (months), mean + SD
	76.87+49.74

	Age of tranfusion (months) median (min-max)
	42 (3-144)

	Tranfusion duration (months) mean + SD
	85.71+54.97

	Tranfusion frequency (n,%)
≤ 1 month / time
> 1 month / time
	
35 (63.6)
20 (36.4)

	Pre-tranfusion hemoglobin (g/dL) mean + SD
	8.51+1.69

	Iron Chelation (n,%)
    Deferiprone
    Deferasirox
    Haven’t got iron chelation yet
	
29 (52.7)
22 (40)
4 (7.3)

	Compliance of iron chelator  (n,%)
    Good
    Poor
	
43 (78.2)
12 (21.8)

	Iron chelation duration (months) mean + SD
    Deferiprone
    Deferasirox
	68.26+47.36
68.60+45.33
80.23+44.61



The average age of the patients in this study was 131.71 + 51.57 months, with 61.8% of the patients were male. In contrast to this study, the average age of thalassemia patients in the study at Pakistan was 8.87 ± 7.42 years and at Turkey 12.26 ± 4.74 years (Bulgurcu et al., 2021; Nisa et al., 2023). The majority of children with thalassemia in various countries were male, that were 59.4-62.8% (Bulgurcu et al., 2021; Harwalkar et al., 2023). The age group >24-60 months in this study was 4 patients (7.3%), the age group 61-120 months was 18 patients (32.7%), and the remaining 33 patients (60%) were in the age group 121-216 months. The distribution of the age groups is similar to the study in Bandung, that 8% aged ≤ 60 months, 20% aged 61-120 months and the majority aged 121-216 months as much as 72% (Napitu et al., 2020). The median patient weight was 24 (10-55) kg, while the average height of patients in this study was 126.52 ± 18.5 cm. The anthropometric status in this study found short stature in 60% of patients, underweight in 60% of patients, moderate malnutrition in 34.5% of patients and well nourished in 65.5% of patients. The study in Palembang found well nourished in 71.3% of patients and short stature slightly higher, 77.4% of patients (Dewiyanti et al., 2021).
Beta thalassemia is an inherited disorder, that inherited in an autosomal recessive manner due to a genetic mutation that results in defective beta globin chain synthesis and an excess of free alpha globin chains. This results in hemolysis and ineffective erythropoiesis, which in turn leads to anemia (Cappellini et al., 2021). Blood transfusions are performed to suppress extramedullary hematopoiesis so that children can grow and develop optimally, reduce complications of anemia, and prolong survival in thalassemia major. Iron overload due to blood transfusion can be monitored by examining serum ferritin (Wahidiyat and Permono, 2018). Serum ferritin classification based on iron overload includes mild (<1000 ng/ml), moderate (1000-2500 ng/ml), severe (>2500 ng/ml) and very severe (>4000 ng/ml) (Reeder et al., 2023; Taher et al., 2025). Indications for iron chelation in thalassemia are a Liver Iron Concentration (LIC) of at least 3000 ug/g dry liver weight, serum ferritin levels of >1000 ng/mL, transferrin saturation of >55%, or blood transfusions have been given 10-20 times or around 3-5 liters (Kementerian Kesehatan Republik Indonesia, 2018).
The mean duration of diagnosis of patients in this study was 76.87 ± 49.74 months. The mean pre-transfusion hemoglobin of patients was 8.51 ± 1.69 g/dl with a median age of transfusion onset of 42 (3-144) months. Similar to this study, in Istanbul the mean pre-transfusion hemoglobin of patients was 8.64 ± 1.01 g/dl (Bulgurcu et al., 2021).  A total of 35 patients (63.6%) in this study received routine transfusions once every month, while 20 patients (36.4%) received transfusions once every more than 1 month. The mean duration of transfusion was 85.71 ± 54.97 months. Similar to this study, 68.7% of patients received 12 transfusions per year in a study in India, while the remaining 28.1% and 3% received 18 and 24 transfusions per year (Harwalkar et al., 2023). Deferiprone and deferasirox were the iron chelators used by patients in this study, with 52.7% of patients using deferiprone and 40% using deferasirox. The mean duration of iron chelation in this study was 68.26 ± 47.36 months, with regular iron chelation use found in 78.2% of patients and 7.3% of patients had not used iron chelation because their ferritin levels were <1000 ng/ml. Slightly different from this study, deferiprone was used in 62.5% of patients and deferasirox in 37.5% of patients in a study of pediatric beta thalassemia in Kediri with an iron chelation compliance rate of 11.76% (Dwi Kartika Sari et al., 2023).
3.2 Serum Ferritin Levels, 25-OH Vitamin D, and Bone Age in Children with Beta Thalassemia
Serum ferritin, 25-OH vitamin D, and bone age were measured simultaneously in this study, when patients were admitted with complaints of pallor and were about to undergo a routine blood transfusion. The median serum ferritin was 5714.69 ng/ml, with a minimum value of 153.61 ng/ml and a maximum value of 30525.04 ng/ml. The mean serum 25-OH vitamin D level was 22.19 ± 7.45 ng/ml, with a minimum value of 5.90 ng/ml and a maximum value of 51.80 ng/ml. The mean bone age was 114.87 ± 53.5 months, with 27.3 % of patients having delayed bone age. The distribution of ferritin, 25-OH vitamin D, and bone age levels by group can be seen in Table 2.
Table 2. Serum ferritin levels, 25-OH vitamin D, and bone age in children with beta thalassemia
	Variable
	Result (n = 55) 

	Ferritin serum level (n,%)
< 1000 ng/ml
≥ 1000 ng/ml
	
5 (9,1)
50 (90,9)

	Ferritin serum level (n,%)
≤ 2500 ng/ml
      > 2500 ng/ml
	
10 (18,2)
45 (81,8)

	Vitamin D 25-OH level (n,%)
< 30 ng/ml
      ≥ 30 ng/ml
	
50 (90,9)
5 (9,1)

	Bone age (n,%)
      Delayed
      Normal
	
15 (27,3)
40 (72,7)



3.3 Correlation between Serum Ferritin Levels with Vitamin D Levels and Delayed Bone Age in Children with Beta Thalassemia
The correlation between serum ferritin levels (categorical scale) based on the initiation of iron chelation with vitamin D levels (categorical scale) was -0.12 (p = 0.38). The correlation between serum ferritin levels (categorical scale) based on the iron overload classification with vitamin D levels (categorical scale) was -0.015 (p = 0.91). The correlation between serum ferritin levels (categorical scale) based on the initiation of iron chelation with delayed bone age (categorical scale) was 0.09 (p = 0.51). The correlation between serum ferritin levels (categorical scale) based on the iron overload classification with delayed bone age (categorical scale) was 0.135 (p = 0.32). (Table 3 and Table 4).
Table 3. Correlation between serum ferritin levels based on the initiation of iron chelation with vitamin D levels and delayed bone age in children with beta thalassemia
	Ferritin
(ng/ml)
	Vitamin D levels
	
r
	
P
	Bone age
	
r
	
P

	
	Insufficiency/ Deficiency
	Normal
	
	
	Delayed
	Normal
	
	

	<1000 
	4
	1
	-0.12
	0.38
	2
	3
	0.09
	0.51

	≥1000 
	46
	4
	
	
	13
	37
	
	


*Spearman test

Table 4. Correlation between serum ferritin levels based on iron overload classification with vitamin D levels and delayed bone age in children with beta thalassemia
	Ferritin
(ng/ml)
	Vitamin D levels
	
r
	
P
	Bone age
	
r
	
P

	
	Insufficiency/ Deficiency
	Normal
	
	
	Delayed
	Normal
	
	

	≤ 2500 
	9
	1
	-0.015
	0.91
	4
	6
	0.135
	0.32

	> 2500 
	41
	4
	
	
	11
	34
	
	


*Spearman test

Vitamin D deficiency is a common condition that occurs in children with beta thalassemia with a multifactorial etiology. Excess iron in the liver, skin, parathyroid, endocrine organs (pituitary) is studied as a cause of vitamin D deficiency in beta thalassemia patients which can be measured from serum 25(OH)D3. The interaction of ultraviolet B radiation from sunlight with 7-dehydrocholesterol in the skin converts 7-dehydrocholesterol to previtamin D3, which is quickly converted back to vitamin D3 (Yati et al., 2018). Patients with beta thalassemia major suffer from hyperpigmentation caused by iron deposition in the skin and increased bilirubin levels due to hemolysis (Kurtoǧlu et al., 2019). The study found that bilirubin levels were high in 87% of patients and 97% of patients had vitamin D deficiency. Researchers think that the reason for 97% of patients experiencing vitamin D deficiency is skin hyperpigmentation that causes insufficient synthesis of 7-dehydrocholesterol to become previtamin D3.
The liver participates in vitamin D synthesis. Vitamin D3 is transported in circulation to the liver, where it is converted by the 25-hydroxylase enzymes (CYP2R1 and CYP27A1) to 25-hydroxyvitamin D3 (25-(OH)D3) or calcidiol (Dominguez et al., 2021). The liver is the first organ affected by iron overload because it is the site of iron storage. Repeated blood transfusions in patients with Beta thalassemia major cause iron overload and deposition in the liver. Progressive iron accumulation causes functional and structural damage to hepatocytes through fibrosis. This supports the theory that impaired hepatic hydroxylation is associated with reduced 25-OHD levels in thalassemia patients. A multicenter observational study in Iran found the prevalence of vitamin D insufficiency (<30 ng/ml) was 41.9 (95% CI 37.5-46.3). This study in Iran also found that risk factors for vitamin D insufficiency were moderate to severe liver siderosis (OR=2.31, 95% CI 1.38-3.89) and increased AST (OR=2.62, 95%CI 1.43-4.79) (Khezri et al., 2020).
Excess iron and iron deposits in the parathyroid glands cause parathyroid chief cell dysfunction and reduced parathyroid hormone levels (Lertsuwan et al., 2018). Parathyroid hormone is a potent stimulant of 1,25 (OH)2 D3 production in the kidneys. To activate vitamin D, a second hydroxylation stage occurs in the kidneys via the enzyme 1-α hydroxylase (CYP27B1) which converts 25-hydroxyvitamin D3 to 1α, 25-dihydroxyvitamin D3 (1α, 25(OH)2 D3) or calcitriol, which is called the active form of vitamin D (Dominguez et al., 2021). Decreased parathyroid hormone levels due to thalassemia cause lower serum 1,25 (OH)2 D3 levels and subsequently reduce intestinal calcium transporter expression and intercellular calcium absorption (Lertsuwan et al., 2018). In a study in Aceh with pediatric beta thalassemia major patients aged 2-18 years, it was found that 45% of subjects experienced vitamin D deficiency, 25% vitamin D insufficiency and 77.5% hypocalcemia. The study also found that 94.4% of subjects with vitamin D deficiency also experienced hypocalcemia (r=0.037, p=0.017), concluding that there was a significant relationship between vitamin D and serum calcium in children with beta thalassemia major (Fiska et al., 2025). A cross-sectional study in India found a prevalence of vitamin D deficiency was 63.9% and low parathyroid levels in 21.3% of pediatric beta thalassemia patients. The study also found a negative correlation between serum vitamin D and increasing age and increasing serum ferritin levels (Meshram et al., 2025).

In this study, 90.9% of patients had serum ferritin levels ≥ 1000 ng/ml, and 81.8% of patients were included in severe iron overload, namely having serum ferritin levels >2500 ng/ml, with the median serum ferritin in this study was 5714.69 (153.61 - 30525.04) ng/ml. Vitamin D insufficiency and deficiency (25-OH vitamin D levels <30 ng/ml) were found in 90.9% of patients. The mean vitamin D level of this study was 22.19 ± 7.45 ng/ml. The correlation between serum ferritin levels based on the initiation of iron chelation with serum 25-OH vitamin D levels was tested using the Spearman correlation test, which obtained a very weak negative correlation (r = -0.12) and was not statistically significant (p = 0.38). This study also tested the correlation between serum ferritin levels based on iron overload classification and serum 25-OH vitamin D levels using the Spearman correlation test, which also obtained very weak negative correlation (r = -0.015) and not statistically significant (p = 0.91). Vitamin D insufficiency/deficiency in this study was more common in patients with ferritin > 2500 ng/ml. Similar to this study, a study in Iraq found that 87.5% of beta thalassemia patients had vitamin D levels <30 ng/ml, with a mean vitamin D level of 18.23 ng/ml. The mean vitamin D deficiency was found primarily in patients with higher serum ferritin, namely 19.91±11.0 ng/ml, and 17.16±7.6 ng/ml, in patients with serum ferritin <1000 ng/dl and ferritin 1000-3000 ng/dl, respectively, but was not statistically significant (r = - 0.02, p = 0.7) (Al-Rubae et al., 2023). A study in Iran also found no correlation between serum vitamin D3 and serum ferritin (r = -0.099; p = 0.553) in thalassemia major patients (Shaykhbaygloo et al., 2020). Serum ferritin levels in TDT patients are higher than in healthy individuals due to routine transfusions. Intracellular iron is stored in the form of ferritin. These higher ferritin levels are associated with iron accumulation in the liver, heart, and endocrine tissues of patients with TDT. Ferritin plays a crucial role in iron homeostasis and is used to identify iron overload in patients with TDT and the need to initiate iron chelation (Taher et al., 2025). Elevated ferritin is also associated with biomarkers of cell damage, oxidative stress, the presence of disease processes, and the severity of chronic disease processes (Depalma et al., 2021). While in normal children, elevated ferritin is associated with biomarkers of cell damage, children with TDT already exhibit high serum ferritin levels. In this study, the median serum ferritin level at diagnosis was 912 ng/ml, with a minimum value of 82 ng/ml and a maximum value of 20,000 ng/ml. Furthermore, numerous studies worldwide have shown high rates of vitamin D deficiency and insufficiency in the pediatric population, with rates ranging from 40% to 75%, even in developed countries (Corsello et al., 2023). This explains the lack of correlation between serum ferritin levels and serum vitamin D levels. Furthermore, diet, sun exposure, genetic variants of the vitamin D receptor, and nutritional status are confounding factors not controlled for in this study.
In addition to vitamin D deficiency, children with beta thalassemia also experience growth retardation. Growth retardation in thalassemia occurs in three phases depending on age. Chronic hypoxia caused by persistently low hemoglobin levels (anemia), ineffective erythropoiesis, and nutritional deficiencies (zinc and folic acid) are the primary contributors to growth retardation in early childhood, which constitutes the first phase (Cappellini et al., 2021).
Iron overload (which can be measured by serum ferritin) causes the formation of free radicals and increases the amount of iron in the heart, liver, and endocrine glands (Chiew et al., 2021). Endocrine glands are very sensitive to iron overload, causing pituitary dysfunction that affects the GH-IGF 1 axis and other endocrine complications (hypogonadism, hypothyroidism, growth hormone deficiency, hypoparathyroidism, impaired calcium homeostasis, reduced bone mineral quantity) resulting in delayed or absent pre-pubertal growth spurt. Endocrine gland damage due to free iron and hemosiderosis is the fundamental etiology of growth retardation in thalassemia, especially in late childhood (second phase) (Gomes, 2021).
Heavy iron accumulation in the pituitary that can be measured by MRI (pituitary R2) is a cause of secondary hypogonadism often called hypogonadal hypogonadism, the most common cause of hypogonadism in thalassemia major who reach puberty (Morad et al., 2021). The consequences of hypogonadism include subnormal growth, osteoporosis, delayed puberty and infertility, some patients experience hypothyroidism and hypoparathyroidism. Delayed puberty is a contributing factor to growth failure in thalassemia adolescents who do not show a normal growth spurt, namely in thalassemia sufferers after the age of 10-11 years (third phase). Short stature in thalassemia is influenced by iron overload (disordered cartilage growth) and delayed puberty/hypogonadism (Casale et al., 2025).
Bone age is the only indicator of biological maturity available from birth to adulthood that is more correlated with a child's growth and development compared to chronological age based on date of birth (Prokop-Piotrkowska et al., 2021). Growth retardation is one of the ways assessed by bone age, which describes bone maturity.
Several studies have found that increased serum ferritin in thalassemia correlates with delayed bone age, where the mean bone age in thalassemia patients was found to be significantly lower than the normal population. Shah et al.'s study found that age >10 years (OR=7.7, p=0.001 95%CI) and ferritin >2500 mcg/l (OR=1.9, p=0.1, 95%CI) were associated with a difference in bone age of >36 months (Shah et al., 2017). A study at Hasan Sadikin Hospital found a strong positive correlation between serum ferritin levels and delayed bone age (r=0.7; p<0.001) (Napitu et al., 2020). A cross-sectional study in Sahiwal found that the mean bone age of thalassemia patients (10.92±1.16) was significantly lower than that of non-thalassemia children (12.46±1.53) (p=0.0002). In that study, it was found that although the level of compliance with iron chelation therapy and diet plans improved the health status of thalassemia patients, many thalassemia patients still experienced growth retardation as they got older, especially during puberty (Akhtar et al., 2023).
This study found something different from other studies, which is a very weak and not statistically significant correlation between serum ferritin and delayed bone age. The correlation between serum ferritin levels based on the start of iron chelation and delayed bone age in this study was 0.09, but not significant (p = 0.512). This study also found a very weak correlation between serum ferritin levels based on iron overload classification and delayed bone age, but not statistically significant (r = 0.135, p = 0.327). Similar to this study, a study at Dr. M. Djamil Padang General Hospital found no relationship between serum ferritin and delayed bone age (p = 0.839) (Ayudhia and Rini, 2020).  Another study in Palembang also found no correlation between serum ferritin and bone age in children with thalassemia major (Dewiyanti et al., 2021).
3.4 Strengths and limitations
The strength of this study is that it is the first study in Banjarmasin, South Kalimantan, to report vitamin D insufficiency/deficiency and delayed bone age in children with beta thalassemia aged 2-18 years. The absence of a relationship between serum ferritin levels and vitamin D levels and delayed bone age in children with beta thalassemia can be used as baseline data for further research. The limitation of this study are the small sample size and the fact that it was conducted in only one hospital. Furthermore, this cross-sectional study did not assess the vitamin D component in the patient’s food recall diets or the duration of daily sun exposure, which can affect vitamin D levels. This study also lacked baseline data on serum vitamin D levels when the patients were diagnosed with thalassemia. This study also did not use healthy child subjects as a comparison. 
4. Conclusion

There is no correlation between serum ferritin level and vitamin D level nor delayed bone age in children with beta thalassemia. 

Consent AND Ethical approval

This study was non-invasive. The prior written permission of the institutional authority was taken. The written informed consent was obtained from the study participants and their parents after the purpose of this study was explained. Participants were informed that the data obtained from them would be kept confidential.
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