


Hematological and Biochemical Profile of Thalassemia Major Patients: A Comprehensive Analysis from the National Oncology Center, Aden

ABSTRACT
This study aimed to evaluate the hematological and biochemical parameters of 40 patients diagnosed with thalassemia major at the National Oncology Center, Aden, from January to December 2022. The demographic data revealed a slight female predominance (52.5%) with a mean age of 10.6 years. Hematological findings indicated significantly low hemoglobin levels (6.72 g/dL) and hematocrit (21.72%). The study also reported a high prevalence of severe serum ferritin levels, with 40% of patients exhibiting values exceeding 4000 ng/L. Biochemical tests showed elevated liver enzymes (GPT, GOT) and abnormal calcium and phosphorus levels. Notably, a significant correlation was observed between serum ferritin and liver enzymes (p < 0.05). Vitamin D deficiency was prevalent in 47.5% of patients. The findings highlight the necessity for regular monitoring and management of hematological and biochemical parameters in thalassemia major patients.
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1. INTRODUCTION
Thalassemia is a genetic disorder inherited from one or both parents. Individuals with thalassemia syndrome are most often of African, Asian, Mediterranean, or Middle Eastern descent. However, the life span of patients with thalassemia has improved both in duration and in quality in the recent decade in developed countries. [1]
Worldwide, every year around 70,000 infants are born with beta-thalassemia. About 270 million carriers of hemoglobinopathies exist globally. Beta-thalassemia is mostly prevalent among individuals in Mediterranean countries, as well as in Southeast Asia, India, Africa, Central America, and the Middle East. According to the World Health Organization (WHO) guidelines, published in 1998, genetic screening should not be compulsorily carried out. However, some countries, including Iran, Saudi Arabia, the Palestinian Territories, and Cyprus, now have mandatory premarital screening laws for hemoglobin disorders for all couples before marriage. Successful awareness programs have been carried out in Greece, Italy, and Cyprus to reduce high carrier rates.[2]
[bookmark: _Hlk116123232][bookmark: _Hlk116123245][bookmark: _Hlk116123274]Cooley and Lee in 1925 were the first to describe thalassemia as a clinical entity.[2] Thalassemia is derived from the Greek words “Thalassa” (sea) and “Haema”      (blood) and refers to disorders associated with the defective synthesis of α - or β -globin subunits of hemoglobin (Hb) A (α2; β2), inherited as pathologic alleles of one or more of the globin genes located on chromosomes 11 (α) and 16 (β). More than 200 deletions or point mutations that impair the transcription, processing, or translation of α - or β -β-β-globin mRNA have been identified.[3]  
[bookmark: _Hlk116124547][bookmark: _Hlk116124734][bookmark: _Hlk116123950][bookmark: _Hlk116124667][bookmark: _Hlk116124438][bookmark: _Hlk116124858]Thalassemia syndrome is classified according to which of the globin chains, α or β, is affected. These 2 major groups, α - and β -β-β-thalassemia, are subclassified according to absent (α o and β o) or reduced (α + or β +) globin chain synthesis. In addition, where ɤ-chains together with α -α-α-α-α-α-α-α-chains compose fetal hemoglobin (HbF) in the fetus and α-chains in combination with δ-chains compose hemoglobin A2 in adults, impaired synthesis of ɤ -ɤ-ɤ-ɤ-ɤ-ɤ-globin or δ-globin chains can occur. Although the switch from ɤ - to β -β-globin synthesis begins before birth, the replacement of HbF by HbA occurs postnatally. Consequently, newborn infants with severe β-globin chain abnormalities are asymptomatic until 4-6 months of age.[4]

The diagnosis of β-thalassemia is established in a proband older than age 12 months based on the hematologic findings of microcytic hypochromic anemia, nucleated RBCs on peripheral blood smear, and Hb analysis that reveals decreased amounts of HbA and increased amounts of HbF. The diagnosis of β-thalassemia is established in a proband younger than age 12 months by detecting a complete absence of HbA. Definitive diagnosis of β+-thalassemia by Hb electrophoresis and HPLC is not possible in the newborn period because the diminished amount of HbA overlaps the range for normal babies. Thalassemia may be suspected based on the microcytic hypochromic anemia with nucleated RBCs on peripheral blood Smear and confirmed with the molecular analysis of HBB. [5]More than 90 % of β-globin mutations have been determined by the PCR technique, which is used extensively in laboratories due to the ease of detection of such mutations [6],[7]. However, PCR sequencing normally detects one mutation for each reaction and can be exhausting and expensive [9]-10]. 
The extremely high frequency of hemoglobin disorders compared with other monogenic diseases reflects natural selection mediated by the relative resistance of carriers against Plasmodium falciparum malaria, with a high frequency of consanguineous marriages in many countries. Gene drift and founder effects are other reasons that thalassemias are most frequent in southeastern and southern Asia, the Middle East, the Mediterranean countries, and North and Central Africa. However, as a result of mass migrations of populations from high-prevalence areas, thalassemias are now encountered in most countries, including the United States, Canada, Australia, South America, and Northern Europe.[10] 
Anemia in thalassemia major is so severe that long-term blood transfusions are usually required for survival.[11] With regular transfusions, patients can live longer. However, each milliliter of transfused blood contains ∼1 mg of iron, thus receipt of a unit of packed red cells typically results in the deposition of 200 mg of iron ultimately in the tissues following red cell senescence. it is more than 100 times the quantity absorbed from the diet daily.[12] This paradoxical increase in iron absorption despite systemic iron overload probably reflects the release of erythroid factors during the cellular apoptosis associated with ineffective erythropoiesis that inhibits hepcidin production by the liver. Hepcidin is a 25-amino-acid peptide hormone that negatively regulates iron flow into the plasma by inhibiting the absorption of dietary iron, the release of iron from macrophages, and the release of stored iron from hepatocytes.[13] consequently, The negative impact of regular transfusion is chronic iron burden, which can lead to growth retardation, pallor, jaundice, brown pigmentation of the skin, poor musculature, genu valgum, hepatosplenomegaly, leg ulcers, development of masses from extramedullary hematopoiesis, and skeletal changes that result from expansion of the bone marrow. These skeletal changes include deformities of the long bones of the legs, typical craniofacial changes, and osteoporosis.[14-16]. In untreated children, characteristic bone changes appear, such as thinning of the cortex of long bones, widening of medullary spaces, bossing of skull, widening of diploic spaces, and prominence of the upper incisors and separation of orbit.[17][18]
Considerable morbidity in older patients results from bone disease due to osteopenia and osteoporosis, which is often accompanied by disabling pain and fractures. The pathogenesis is complex and multifactorial. Bone marrow expansion due to ineffective erythropoiesis, endocrine dysfunction, and complications of treatment all contribute to the condition. [19]Overly vigorous chelation is associated with deferoxamine-induced bone dysplasia, which can slow growth velocity in children and maybe only partially reversible. [20]Bone disease management includes the careful monitoring of chelation, lifestyle adjustments (increased calcium intake and physical activity and refraining from smoking), hormonal therapy, and vitamin D therapy. Osteoclast inhibitors such as bisphosphonates have the potential to reduce bone resorption and may be a valuable treatment approach, but further study is required before the routine use of these drugs can be recommended.[19]
The prognosis in individuals with β-thalassemia major has dramatically improved over the past decades with the advent of noninvasive methods to measure liver and cardiac iron accumulation before the appearance of clinical symptoms, improved iron chelators, and decreased risk of infection with red blood cell transfusions. After 2000, these developments led to a significant decrease in cardiac mortality, previously reported to cause 71% of deaths in individuals with β-thalassemia major[21-23] Prognosis continues to improve as access to both red blood cell transfusions and iron chelation increases, but life expectancy remains greatly diminished in low-resource settings, with more than half of individuals dying before age 30 years compared to more than half of individuals living to age 60 years in high-resource settings[23-24].

METHODS: 
Study Design and Population
A descriptive, cross-sectional study was conducted from January 2021 to December 2022 at the National Oncology Center in Aden, Yemen. The study enrolled 40 children with a confirmed diagnosis of BTM or HbE/Beta-thalassemia. Patients were recruited from outpatient, inpatient, and daycare clinics. Inclusion criteria were children aged 1 to 21 years  who were regularly transfused and whose parents provided informed consent. Exclusion criteria included comorbid liver or kidney disease, and recent supplementation with Vitamin D.

Data Collection
Demographic and clinical data, including age, gender, residence, age at diagnosis, consanguinity, transfusion history, iron chelation therapy, and splenectomy status, were collected using a pre-structured questionnaire through direct interviews with parents or guardians. A physical examination was performed to assess for hepatosplenomegaly.

Laboratory Methods
Blood samples were collected in EDTA tubes for hematological analysis and plain tubes for serum separation. Hematological parameters—including hemoglobin (Hb), hematocrit (Hct), red blood cell indices (MCV, MCH, MCHC), white blood cell (WBC) count, and platelet count—were analyzed using an automated hematology analyzer (Sysmex KX-21N, Sysmex Corporation, Japan).

Biochemical analyses were performed on a Roche/Hitachi cobas c 311 analyzer. This included liver function tests (ALT, AST, GGT, Total Protein, Albumin, Total and Direct Bilirubin), renal function tests (Urea, Creatinine), calcium, and phosphorus. Serum ferritin, PTH, and 25-OH Vitamin D were quantified using Electrochemiluminescence Immunoassay (ECLIA) on a cobas e 411 analyzer (Roche Diagnostics, Germany.

Statistical Analysis
Data were analyzed using SPSS Statistics version 26.0 (IBM Co., USA). Categorical data were expressed as frequencies and percentages, and continuous data were presented as mean ± standard deviation or median and range as appropriate. The Chi-square test  was used for categorical variables. The Student's t-test was used to compare means between two groups. Pearson's or Spearman's correlation coefficient was used to assess relationships between variables. A p-value of < 0.05 was considered statistically significant.

RESULT
The demographic information, as well as the tests of patients, were carried out between January to December 2022 to evaluate the bone chemical test and biochemical and hematological parameters of thalassemia major patients attending the National Oncology Center \ Aden. The blood was collected and analyzed at the same center, and the bone chemical test was analyzed at the National Center of Public Health Laboratories. The results were presented in the following tables and graphs. 
Table1. Demographic characteristics of the studied patients with thalassemia
	Item
	(n = 40)

	
	№
	%

	- Sex: 

	Male
	19
	[bookmark: _Hlk179928399]47.5

	Female
	21
	[bookmark: _Hlk179928362]52.5

	- Age group (years):

	< 6
	8
	20.0

	7-11
	15
	37.5

	12-16
	13
	32.5

	17-21
	4
	10.0

	Mean age (Min.- Max.)
	[bookmark: _Hlk181793757]10.60(1-21)

	Mean age for male patients (Min.- Max.)
	10.79(3-21)

	Mean age for female patients (Min.- Max.)
	10.43(1-17)

	- Residence

	Aden
	27
	67.5

	Abyan
	10
	25.0

	[bookmark: _Hlk196005119]Aldhalea
	1
	2.5

	[bookmark: _Hlk196005158]Alhodyda
	2
	5.0

	-Type of Cases

	New cases
	5
	12.5

	Old cases
	35
	87.5

	- Take chelation therapy 

	[bookmark: _Hlk178125641]Yes
	17
	42.5

	No
	23
	57.5

	Education level

	Uneducated 
	19
	[bookmark: _Hlk196005445]47.5

	[bookmark: _Hlk196005483]Elementary school   
	18
	45.0

	[bookmark: _Hlk196005512]Secondary school
	2
	5.0

	[bookmark: _Hlk196005544]Collage
	1
	2.5

	- Splenectomy

	Yes
	13
	[bookmark: _Hlk181794174]32.5

	No
	27
	67.5

	Family history 	

	[bookmark: _Hlk196006123]Parents from the same area 
	Yes 32 (80%)
	No 8 (20%)

	Parents are relatives 

	Yes 34 (85%)
	No 6 (15%)


Table1 Shows that thalassemia major was more prevalent in females than males, females was 21(52.5%) patients while male was 19(47.5%). The presenting age of the patients ranged from < 6 to 21 years, with a mean (10.6±4.57 years. Patients aged 7-11 were the most common (37.5%) cases. 
[bookmark: _Hlk199023449]Table 2. Descriptive statistics of hematological findings 
	Variable 
	Mean
	
Median 
	Range
	Reference range  

	
	Mean 
	SD
	
	Min 
	Max 
	

	White blood cell*
	10.8
	40.34
	10.85
	4.100
	148.000
	3.0–10.0 × 109 /L

	RBC
	2.88
	0.693
	2.76
	1.58
	4.80
	Male 4.5-6.5 
Female 3.9-5.6

	Hemoglobin(gm/dl)
	6.72
	1.77
	6.50
	3.2
	10.8
	[bookmark: _Hlk190516372]12–16 gm/dL

	HCT (%)
	21.72
	6.09
	20.65
	11.0
	39.9
	36–48

	MCV( fl)
	73.50
	6.54
	72.85
	[bookmark: _Hlk190516546]58.5
	[bookmark: _Hlk190516580]87.6
	80 – 95

	MCH (pg)
	23.92
	2.86
	23.60
	18.6
	30.5
	27 – 34

	MCHC(g/dl)
	32.437
	2.29
	32.50
	27.6
	36.4
	20 – 35

	Platelet count× 109 /L
	[bookmark: _Hlk184157364]463.47
	[bookmark: _Hlk184157447]281.4
	379.00
	120.000
	1.295.000
	150–400 × 109 /L

	RDW CV (%)
	21.6050
	7.00
	19.20
	13.00
	37.20
	

	*median [Interquartile range] RBCs: red blood cells, HCT: hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration. 



Hematological investigations conducted at the time of the study revealed that all participating children exhibited significantly low hemoglobin (Hb) levels, with a mean of 6.72 ± 1.1.8 g/dL, ranging from 3.2 gm/dL to 10.8 gm/dL. Their hematocrit (Hct) levels were also low, with a mean of 21.7 ± 6.1% (see Table 2). The mean corpuscular volume (MCV) of the studied sample was below 75 fL in nearly all cases, averaging 73.5±6.54 fL, with a range of 58.5 to 87.6 fL.
The median leukocyte count was 10.8 × 10³ /µL, ranging from 4.1 to 148× 10³ /µL; notably, 24 children (60%) had a white blood cell (WBC) count exceeding 10000 × 10³ /µL. The mean platelet count was recorded at 463.5± 281.4× 10³ /µL, with a range of [120 to 1.259 × 10³ /µL].
Table 3: Distribution of males and females for each hematological parameter

	
Parameter
	Male
(n = 19)
	Female
(n = 21)
	Total
(n = 40)
	
p-value

	
	X ± SD
	Range
	X ± SD
	Range
	X ± SD
	Range
	

	WBC
×103 /µL
	29.38±40.4

	4.100-148.000

	29.90 ±41.3
	4.100-143.000

	29.66±40.3

	4.100-148.000

	0.324

	RBC
	2.89±0.44

	2.0-3.6

	2.87±0.87

	1.6-4.8

	2.88±0.7

	1.58-4.8

	0.000*

	HBG
(gm/dl)
	6.89±1.47

	4.8-10.8

	6.57±2.029

	3.2-10.2

	6.72±1.77

	3.2-10.8

	0.85

	HCT
(%)
	22±4.6

	15.3-33.0

	21.47±7.26

	11.0-39.9

	21.7±6.09

	11-39

	0.000*

	MCV 
(fl)
	74.03±6.10

	65.0-86.0

	73.02±7.02

	58.5-87.6

	73.5±6.54

	58.5-87.6

	0.894

	MCH
(pg)
	24.4±2.9

	20.0-30.5

	23.47±2.81

	18.6-29.9

	23.9±2.8

	18-30

	0.361

	MCHC
(g/dl)
	32.8±2.24

	29-36

	32.1±2.34

	27-36

	32.4±2.29

	27-36

	0.218

	PLT
(lakh/µl)
	431.1±273.7

	120-1186

	492.7±291.6

	158-1295

	463.4±281.4

	120-1295

	0.302

	RDW (%)
	20±6.3

	13-34

	22.3±7. 6
	13-37

	21.6±7.0

	13-37

	0.361


[bookmark: _Hlk190514828][bookmark: _Hlk190514383][bookmark: _Hlk190514233][bookmark: _Hlk190514347]Regarding sex distribution of hematological parameters table 3 shows Mean± SD of  Hb (6.89±1.47), Hct(22±4.6) and MCV(74.03±6.10 )were marginally higher in male thalassemic children than females, whereas Mean± SD of WBC(29.90±41.32), platelet (492.7±291.6) and RDW(22.28±7.6) levels were slightly higher in females than males. There are statistically significant differences in RBC and HCT parameters with a p value ≥0.05. 







Table 4. Hematological parameters according to splenectomy status

	




Hematological parameter
	Splenectomy
	
P value

	
	
	

	
	
	

	
	Yes (n=13)
[bookmark: _Hlk190511981]mean± SD
	No (n=27)
mean± SD
	

	Hb g/dl
	[bookmark: _Hlk190512012]6.87±1.59
	6.65±1.87

	0.559

	Hct %
	21.40±4.02

	21.87±6.93

	0.704

	MCV/fl
	75.6±4.59

	72.48±7.14

	0.962

	RBC
	2.83±0.51

	2.91±0.78

	0.446

	[bookmark: _Hlk191404761]Platelet ×103 /µL
	[bookmark: _Hlk191404784]720.23±329.6
	350.96±148.6

	0.051*

	[bookmark: _Hlk191404165]WBC×103 /µL
	[bookmark: _Hlk191404132]65.92±52.61

	[bookmark: _Hlk191404188]12.20±13.8

	0.000*

	RDW(%)
	[bookmark: _Hlk191404540][bookmark: _Hlk190512157]24.02±5.67

	20.4±7.37

	0.079

	MCH(pg)
	24.16±2.54

	23.80±3.04

	0.559

	MCHC(g/dl)
	31.9±2.33

	32.68±2.28

	0.720




















[bookmark: _Hlk195645959][bookmark: _Hlk194967657][bookmark: _Hlk191484276][bookmark: _Hlk191404727][bookmark: _Hlk195642012][bookmark: _Hlk191404888]In this study, 32.5% of thalassemia major patients undergo splenectomy. Table 4 shows that patients have a higher value of WBC×103 /µL (65.92±52.61) than non- splenectomy patient mean±SD (12.20±13.81).
[bookmark: _Hlk191404947][bookmark: _Hlk194967918][bookmark: _Hlk197244253]Table 4 shows a remarkable increase value of platelate×103 /µL count in splenoctomy patients, mean±SD (720.23±329.65), then non-splenectomy (350.96±148.63), with a statistically significant difference concerning platelet and white blood cell count, with p≤0.05 (Table 4, Figure 1&2).
In the same table, RDW represents a slightly higher value in splenectomy than non-splenectomy, with no statistically significant p≥0.05.Table 5. Characteristics of thalassemia major patients including serum ferritin and bone markers 
Regarding bone mineral and serum ferritin, Table 6 show that the serum ferritin of this study represents a higher mean ±SD (3718.9±2453.8), which is nine times the normal value of serum ferritin in a healthy individual.
It also shows that 25-OH vitamin D ng/mL, parathyroid hormone (pg/mL), and serum calcium(mg/dl) represent decrease values than the normal range with mean ±SD(23.8±9.9) (23.1±13.7) (8.4±1.0), respectively. Whereas serum phosphorus shows higher mean ±SD (4.5±1.5) then normal range.                                        

Table 6. Summary of ferritin categorization
	Si no
	[bookmark: _Hlk190166975]Median ferritin levels, ng/dl 
	Category
	No of patient 
No (40)
	Percentage (%) 

	1. 
	<2000 ng/l
	Moderate 
	9
	[bookmark: _Hlk190167171]22.5%

	2. 
	2000-4000 ng/l
	High 
	15
	37.5%

	3. 
	>4000 ng/l
	Sever 
	16
	40.0 %




Regarding to this table the most cases suffer from severe 40% and high 37.5% percentage of serum ferritin, while only 22.5% represent a moderate value <2000.



	Variable
Liver Function Test
	                Mean
	  
Median
	         Range
	Reference range  

	
	Mean
	SD
	
	Min
	Max
	

	GPT 
	31.96
	31.72
	17.0
	6.0
	121.0
	0-38 U/L

	GOT 
	51.20
	42.46
	34.5
	5.0
	183.0
	0-40 U/L

	Total protein 
	6.83
	1.39
	6.95
	3.4
	9.7
	6.4-8.3 g/dl

	Serum Albumin
	3.37
	.7868
	3.55
	2.0
	4.9
	3.8-5.5g/dl

	[bookmark: _Hlk194971479]Total Bilirubin
	1.42
	1.87
	.815
	.13
	10.90
	<1

	Direct Bilirubin
	.5893
	1.41
	.265
	.03
	9.10
	<0.25

	GGT 
	27.02
	25.47
	16.0
	6.0
	126.0
	U/L

	Alkaline Phosphatase 
	[bookmark: _Hlk195682714]176.8
	[bookmark: _Hlk195682725]81.1
	168.50
	80.00
	482.00
	40-150(IU/L)

	[bookmark: _GoBack]Kidney Function Test

	Serum Creatinine 
	0.4
	0.17
	0.400
	0.2
	0.8
	0.2-1.2(mg/dl)

	Serum Urea 
	14.75
	6.543
	14.00
	5
	32
	10-50(mmol/l)


Table 7. Descriptive statistics of biochemical findings 

Regarding biochemical investigations, Table 7. represents that GPT, GOT and Alkaline Phosphatase show higher mean±SD than normal value (31.96±31.72) (51.20±42.46) (176.8±81.1) respectively, while total bilirubin and direct Bilirubin show slightly higher mean ±SD with range total bilirubin from 0.13 to 10.9 and direct bilirubin range from 0.03 to 9.1. 

DISCUSSION

The demographic characteristics of the studied population demonstrated a higher prevalence of thalassemia major among females, consistent with existing literature indicating a genetic predisposition in female patients. The age distribution showed a significant number of patients in the 7-11 year age group, highlighting the importance of early detection and intervention in this demographic.

Hematological findings revealed severely reduced hemoglobin and hematocrit levels, indicating the severity of anemia in thalassemia major patients. The mean hemoglobin level of 6.72 g/dL aligns with previous studies, confirming the need for regular blood transfusions and chelation therapy to manage iron overload.

The serum ferritin levels in this cohort were alarmingly high, with 40% of patients exhibiting severe elevation (>4000 ng/L). This is indicative of excessive iron accumulation due to repeated blood transfusions, which is a common complication in thalassemia management. The significant positive correlation between serum ferritin and liver enzymes (GPT, GOT) suggests that iron overload may be contributing to hepatic dysfunction, necessitating close monitoring of liver function in these patients.

Vitamin D deficiency was prevalent in the study population, with nearly half of the patients classified as deficient. This finding is concerning, as vitamin D plays a crucial role in bone health, particularly in patients with thalassemia who are already at risk for bone mineral density loss due to chronic hemolysis and iron overload. The low levels of calcium and elevated phosphorus also indicate potential disturbances in bone metabolism, emphasizing the need for proactive management of bone health in this population.

CONCLUSIONS

This study underscores the critical need for comprehensive monitoring of hematological and biochemical parameters in thalassemia major patients. The high prevalence of anemia, iron overload, liver dysfunction, and vitamin D deficiency necessitates a multidisciplinary approach to management, including regular blood transfusions, chelation therapy, and supplementation of vitamin D and calcium. Future studies should focus on the long-term outcomes of these interventions and explore additional strategies to improve the quality of life for patients with thalassemia major. Regular screening and early intervention could significantly mitigate the complications associated with this chronic condition.
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