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Summary 

 Beta-thalassemia is most prevalent genetic hemoglobinopathy in the 

world. It is caused by a reduction or absence of beta globin chain production, 

which is typically a portion of adult hemoglobin (HbA, which is α2β2). A 

compensatory inefficient erythropoiesis, severe anemia, and accelerated 

erythrocyte turnover will result from this genetic abnormality. Thalassemia 

syndrome is frequently accompanied with a wide range of problems resulting 

from both the disease and the treatments used to treat it. The life of patients with 

β-thalassemia major depends on blood transfusion. Regular blood transfusion 

leads to hemosiderosis in their main organs. The aim of the present study is to 

identify diagnostic, prognostic and predictive parameters, which can be used to 

diagnose deterioration of kidney function in thalassemia patients in early renal 

impairment with high sensitivity and specificity, improve prognostication or  

predict and monitor treatment effectiveness and tolerability for the individual 

patient through determination of new biomarkers  

 This study was designed as a case-control study and was constructed to 

study the renal complications in beta-thalassemia major patients with repeated 

blood transfusion. To achieve this aim, 45 patients with beta-thalassemia major, 

and with 45 apparently healthy individuals as control group.  

 All samples were collected from Al Karama center of hereditary blood 

disorder from November 2021 to January 2022 and this study was performed at 

the laboratory of Baghdad International Research Center.  

 The serum samples were used to measure biochemical parameters, Serum 

creatinine, blood urea nitrogen, ferritin, CBC, GOT, GPT, neutrophil gelatinase-

associated lipocalin, and Cystatin-C were measured from blood samples. 

Furthermore, urinary B2-microglobulin. Results S. NGAL, and Cystatin-C 
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parameters in the Patient group were significantly higher than those in the 

control group (p < 0.001), (p < 0. 003). Urinary B2-microglobulin increased in 

Patient groups compared to the control group (p < 0. 001). Ferritin is in the 

Patient group were significantly higher than those in the control group (p < 

0.001), CBC are in the Patient group were lower than those in the control group 

and GOT, GPT are within normal range. The findings of this study Glomerular 

and Tubular dysfunction among patients with β-thalassemia has been related to 

iron overload, chronic anemia and indicate that after taking deferasirox and 

deferoxamine (DFO), there was renal damage and an increase in inflammatory 

factors. Also, minor renal impairment was observed after deferoxamine 

administration. Therefore, it seems that patients who are taking these two drugs 

should be monitored carefully. In this study significant, positive correlation 

between ferritin and NGAL, β2MG. There is a statistically significant positive 

correlation between the ferritin level and B.Urea. positive significant correlation 

between NGAL, β2-MG,CYS-C and S.Cr.  In conclusion, renal hemosiderosis 

and asymptomatic renal dysfunction are prevalent among β-thalassemia major 

patients with repeated blood transfusion, which are not found in routine renal 

investigations, which required regular screening with early parameters of 

glomerular and tubular dysfunction.  
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1-Introduction:- 

 Thalassemia is a genetic disorder characterized by the complete absence 

or reduced synthesis of the alpha- or beta-globin chain of hemoglobin. Although 

thalassemia is usually asymptomatic or associated with only mild anemia, 

patients with severe disease require lifelong blood transfusions for survival[1]. 

          The word of thalassemia is derived from two Greek words: which means 

“the sea” and “Haima” which means “blood”. According to polypeptide chain 

defective of hemoglobin in red blood cells, there are two types of thalassemia, 

alpha thalassemia that is caused by a defect in the rate of synthesis of α chains, 

and beta thalassemia that is caused by a defect in the rate of synthesis of β 

chains[2]. Approximately, 1.5% of the global population are heterozygotes 

(carriers) of the β- thalassemia gene [3]. It occurs in a high frequency in a broad 

belt and Iran is located on thalassemia belt. In Iran, the thalassemia gene 

prevalence rate is 4% to 10% in different parts [4], but fortunately the 

thalassemia prevention program in this country was formulated in 1995 and 

started to be implemented across Iran in 1997. Hereafter, the prevalence of the 

thalassemia has beenreduced dramatically [5]                                                         

 The survival of patients has significantly improved in recent decades; 

however, complications of this disease in different organs can affect the quality 

of life among sufferers [6] Consequently, β-thalassemia leads to reduced 

haemoglobin production and accumulation of α-globins which form insoluble 

hemi chromes [7].  

 The clinical and haematological spectrum of β-thalassemia disease ranges 

from mild to clinically overt conditions including transfusion dependent (TDT) 

β-thalassemia major (TM) and non-transfusion dependent (NTDT)β-thalassemia 

intermedia (TI) or thalassemia minor (TMin)[8].  
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 Hypoxia and chronic anemia lead to oxidative stress and lipid 

peroxidation, resulting in tubular cell function impairment [9]. Moreover, iron 

overload has an important role in the pathogenesis of kidney injury in 

thalassemic patients [10]. In addition, iron chelator toxicity can result in 

glomerular dysfunction. Hepatitis B or C infections may lead to a decrease in 

the glomerular filtration (GFR); moreover, hepatic and cardiac dysfunction 

caused by iron overload may result in renal impairment [11].  

 The deposition of hemosiderin in proximal and distal tubules can lead to 

interstitial fibrosis, tubular necrosis, and cortical atrophy. Injured tubules release 

cytotoxines and growth factors that result in tubulo-interstitial fibrosis and 

glomerular sclerosis [10]  

1.1- Hemoglobin:- 

 Hemoglobin (Hb) is a hemoprotein of the red blood cells that mainly 

function to carry oxygen from the lungs to the tissues. Other functions include 

the transport of carbon dioxide (CO2) and a buffering action. The molecular 

weight of hemoglobin is 64–64.5 kDa. Heme is required for oxygen transport, 

while globin protects heme from oxidation, makes it soluble, and allows for 

variation in oxygen affinity[12].  

      Hb is a protein that allows Red Blood Cells (RBCs) to carry oxygen. The 

deficiency of Hb lowers the survival rate of RBCs resulting in hemolytic anemia 

leading to a limited supply of oxygen in the body which can be life-threatening. 

Two protein chains, α, and β, are required to synthesize Hb. RBCs will not be 

able to carry oxygen efficiently if either of the aforementioned protein chains is 

insufficient[13].this causes anemia that begins in early childhood and lasts 

throughout life, Moderate to severe thalassemia (Hb less than 5 to 6g/dl (  [14]. 
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1.1.1- Structure of the hemoglobin:- 

 Hemoglobin comprises four subunits, each having one polypeptide chain 

and one heme group. All hemoglobins carry the same prosthetic heme group 

iron protoporphyrin IX associated with a polypeptide chain of 141 (alpha) and 

146 (beta) amino acid residues. The ferrous ion of the heme is linked to the N of 

a histidine. The porphyrin ring is wedged into its pocket by a phenylalanine of 

its polypeptide chain. The polypeptide chains of adult hemoglobin themselves 

are of two kinds, known as alpha and beta chains, similar in length but differing 

in amino acid sequence shown in Figure1.1 [15]  

 

Figure 1.1 Structure of the hemoglobin tetramer. [16] 

1.1.2- Hemoglobin Types:- 

           A single hemoglobin molecule has two types of globin chains, each with 

its own heme protein. One globin chain is alpha and the other is beta. Two 

hemoglobin molecules combine to produce a functional hemoglobin 

tetramer[17]. The following four major types of haemoglobin: 

1- “Embryonic” haemoglobins, which are detectable from the 3rd to the 10th 

week of gestation and represent ζ2ε2 (Hb Gower 1), α2ε2 (Hb Gower 2), 

ζ2γ2 (Hb Portland 1); and ζ2β2 tetramers (Hb Portland 2)  
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2- “Foetal” haemoglobin (HbF), which constitutes the predominant oxygen 

carrier during pregnancy and is a α2γ2 molecule;  

3- Adult” haemoglobin (HbA α2β2), which replaces HbF shortly after birth. 

4-A minor adult component, HbA2 (α2δ2)[18].  

 The process of different haemoglobin species being produced and stop at 

certain period of human development is known as “haemoglobin switching”. 

Under normal conditions, the red cells of the adult human contain 

approximately 97-98% of HbA, 2-3% of HbA2 and traces of HbF. as shown in 

Figure1. 2. 

 

Figure 1.2.Globin synthesis at various stages of embryonic, foetal and adult erythroid 

development.[19] 

1.1.3. General Classification of hemoglobin disorders:-  

 Hemoglobin disorders can be broadly classified into two general 

categories:  
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1. Those in which there is a quantitative defect in the production of one of the 

globin subunits, either total absence or marked reduction. These are called the 

thalassemia syndromes.  

2. Those in which there is a structural defect in one of the globin subunits[20].  

1.2- Thalassemia:-  

 Thalassemia syndromes are inherited hemoglobinopathies characterized 

by impaired or absent production of one of the globin chains of adult 

hemoglobin with subsequent accumulation of the unpaired chains. The most 

common form is β-thalassemia related to a defective production of the b-globin 

chains causing an unbalanced ratio of α-globin to β-globin shown in Figure 1.3 

[21].  

 

Figure1. 3. Schematic presentation of the chromosomal location of the α- and β-globin 

gene clusters on 16p and 11p respectively. [22] 

1.2.1-Alfa-Thalassemia:-  

 Alpha-thalassemia is one of the most common hemoglobin genetic 

abnormalities and caused most frequently by deletions involving one or both 

alpha globin genes and less commonly by non deletional defects[23]. Normal 
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adult hemoglobin consists of pairs of α and β chains (α2β2), and fetal 

hemoglobin has two α chains and two γ chains (α2γ2). defective production of α 

chains is reflected by the presence of excess γ chains, which form γ4 tetramers, 

called hemoglobin Bart's; in adults, excess β chains form β4 tetramers, called 

hemoglobin H(HbH). Because of their very high oxygen affinity, both tetramers 

cannot transport oxygen, and, in the case of HbH, its instability leads to the 

production of inclusion bodies in the red cells and a variable degree of 

hemolytic anemia.[24] Classification of α-thalassemia defects is shown in 

Figure 1.4. 

 

Figer1. 4 Classification of α-thalassemia defects and phenotypic expression[22] 

1.2.2-Beta Thalassemia:-  

 β-Thalassemia are highly prevalent in the Mediterranean, Middle East, 

and the Indian subcontinent; however, due to recent migrations, they are 

becoming more common worldwide, making their management and care an 

increasing concern for health care systems [25]  

 β-thalassemia is caused by β-globin gene (HBB) mutations that either 

reduce (β+) or abrogate (β0) production of functional β-globin. In β-thalassemia, 



Chapter One                                         Introduction and Literature Review 

7 
 

an excess of unpaired α-globin impedes red-cell development and survival, 

leading to ineffective erythropoiesis, hemolysis, chronic anemia, and 

compromised quality of life. Patients with severe anemia receive lifelong red-

cell transfusions and regular iron chelation to prevent iron overload [26]. 

Untreated, β-thalassemia leads to hepatosplenomegaly, bone deformities due to 

bone marrow expansion, and heart failure due to severe anemia [27].  

 Patients who are homozygous or compound heterozygous for β-

thalassemia mutations can have β-thalassemia major or intermedia. Patients 

with β-thalassemia major generally present early in life, with severe anemia and 

symptoms, whereas patients with β-thalassemia intermedia tend to present later 

in life, with mild-to-moderate anemia and symptoms [28]. 

1.2.2.1 Epidemiology:- 

 Thalassemia, the most common form of hereditary anemia, is caused by 

the impaired synthesis of one of the two globin chains in hemoglobin. This 

disorder has been found to be highly prevalent in tropical and sub-tropical 

regions of the world (e.g., Southeast Asia, the Mediterranean area, the Indian 

subcontinent, and Africa), where the estimated prevalence rates are 12–50% in 

the case of alpha thalassemia and 1–20% in that of beta thalassemia. [29]  

 In the world, Maldives has the highest incidence of thalassemia with an 

18% carrier rate of the population. The estimated frequency of β-thalassemia in 

Cyprus is up to 16%, Thailand 1%, Iran 5%–10%, and China 3%–8%.[30] 

According to the World Health Organization (WHO)in 2018, at least 5.2 

percent of people worldwide have thalassemia, and around 1.1 percent of 

couples are at risk of producing children with a hemoglobin abnormality[31]. 
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1.2.2.2-Etiology:-  

 Thalassemia is autosomal recessive, which means both the parents must 

be affected with or carriers for the disease to transfer it to the next 

generation[32]. They are caused by mutations that nearly all affect the β globin 

locus and are extremely heterogeneous. Almost every possible defect affecting 

gene expression at transcription or post-transcriptional level, including 

translation, have been identified in β thalassemia. These genetic defects lead to 

a variable reduction in β globin output ranging from a minimal deficit (mild β+ 

thalassemia alleles) to complete absence (β° thalassemia).[33]  

1.2.2.3. Pathophysiology:-  

 The main characteristic of the pathophysiology of β-thalassemia is 

reduced β-globin chain production. The inevitable imbalance in the α/β-globin 

ratio and α-globin accumulation lead to oxidative stress in the erythroid lineage, 

apoptosis, and ineffective erythropoiesis. The result is compensatory 

hematopoietic expansion and iron overloud in liver leads impaired hepcidin 

production from it that causes increased intestinal iron absorption and 

progressive iron overload[34] .  

 Subsequent clinical manifestations include splenomegaly, marrow 

expansion, extramedullary hemopoiesis, and bone marrow. Besides, excess iron 

from blood transfusion and ineffective erythropoiesis deposits in major organs, 

causing cardiac dysfunction, liver fibrosis, diabetes, and neurological 

complications[35].  

 The underlying hypothesis is that the globin chains carrying heme, 

hemichromes and iron could generate reactive oxygen species (ROS) that 

would, in turn, damage cellular compartments. For both a- and b-thalassemic 

RBCs the evidence,[36]. The excess globin chain is deposited on the RBC 
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membrane skeleton, where oxidant injury produces changes in red cell material 

properties, hydration, and the organization of the phospholipid bilayer. These 

changes are detected by macrophages and the affected RBCs are rapidly 

removed.[37]  

 Erythroid marrow hypertrophy in medullary and extramedullary locations 

causes cranial and facial malformations, as well as extramedullary 

erythropoietic tissue masses, cortical thinning, and pathological fractures of 

long bones. The abnormal RBCs' lipid membrane composition might cause 

thrombotic complications, especially in splenectomized patients.The complation 

are shown in Figure1.5[38].  

 

Figer1.5.Mechanism of iron overload development due to ineffective erythropoiesis in β-

TI.[39] 
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1.2.2.4. Clinical presentation and Diagnosis of β-thalassemia 

major:- 

 Usually occurs between 6 and 24 months of life, with severe 

microcytic/normocytic anemia, mild jaundice, and hepatosplenomegaly. The 

hematological diagnosis is based on reduced hemoglobin level (<7 g/dL) and 

very low MCH (<20 pg). The peripheral blood smear shows severe erythrocyte 

morphologic changes with marked poikilocytosis (speculated tear-drop cells), 

target cells, and numerous erythroblasts this shown in Figure1.6. The number of 

erythroblasts is related to the degree of ineffective erythropoiesis and is 

markedly increased after splenectomy [40]. 

 

Figer1. 6- Beta-thalassemia-smear[30]. 

 In the classical form of β-thalassemia major (homozygotes β°), at 

hemoglobin analysis, HbA is absent and HbF represents the 92–95% of the total 

hemoglobin. In thalassemia major forms due to double heterozygosity of β°/β+, 

the HbA levels can be variable between 10 and 30% and HbF between 70 and 

90%. In such condition, both parents usually have typical hematological 

parameters of β-carriers.[41]  
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 Beta-thalassemia intermedia should be suspected in subjects who present 

at a later age with similar but milder clinical findings than thalassemia major. 

The clinical spectrum of thalassemia intermedia is very wide as well as the 

hematological phenotype. Patients with milder forms may have moderate-to-

mild anemia, and the levels of HbA and HbF are very much dependent of the 

underlying molecular defects and the degree of ineffective erythropoiesis.[42] 

  Clinically, they present in later childhood or even in early adulthood with 

a mild to moderate anemia, with a hemoglobin (Hb) level ranging between 7 

and 10 g/dL, that only requires occasional or short-course of regular 

transfusions in certain clinical settings (e.g., in the course of infections or 

pregnancy ). [43] More severely affected patients present younger, between 2 

and 6 years of age, and require transfusions for normal and sustained 

growth.[44] 

1.2.2.5. Complications of β-thalassemia major:-  

A- Chronic anemia:  

 Chronic anemia and hypoxia can lead to oxidative stress and lipid 

peroxidation that are correlated to tubular cells dysfunction. Increased metabolic 

demand in association with chronic hypoxia in tubular cells may lead to 

apoptosis and then development of tubulo -interestitial injury and consequent 

glomerulosclerosis and kidney fibrosis. [45] Moreover, in some studies, 

hyperfiltration was discovered in β -thalassemia. At first, this hyperdynamic 

circulation leads to increased plasma flow and glomerular filtration rate, but 

eventually stretching of glomerular capillary wall with subsequent endothelial 

and epithelial injury may result in glomerular dysfunction and a progressive 

decline in GFR[46]. 
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B-Iron overload:  

 There is no physiological mechanism for the body to eliminate excess 

iron. When iron consumption is increased over time, either as a consequence of 

red blood cell transfusions or as a result of increased iron absorption through the 

gastrointestinal (GI) tract, iron overload (haemosiderosis) develops. Both of 

these occur in patients with β-thalassemia major[47].  

 Another mechanism that accounts for iron overload is dyserythropoiesis. 

It's been proven that it's caused by the liver producing less hepcidin, an iron-

regulating hormone. Hepcidin deficiency causes the cellular iron exporter 

ferroportin to become activated; this causes an increase in the amount of iron 

that enters the plasma[48] Excess free iron is known to be a catalyst of lipid 

peroxidation which damages cells[49]. 

 Toxicity from iron overload most commonly damages the liver, heart, and 

endocrine system and can adversely affect survival. For example, in thalassemia 

without iron chelation, death usually occurs from cardiac failure or arrhythmia 

at an early age, long-term efficacy and survival data of chelation therapy is 

lacking This can occur in autoimmune disorders, inflammatory states, 

malignancy, chronic renal insufficiency, metabolic syndromes, and 

hepatopathies [50]. 

C- Cardiac complications:-  

 Iron overload is the most important a potential cause of heart failure in 

patient with βTM. When the heart is exposed to a high quantity of circulating 

non-transferrin bound iron over an extended period, this is known as cardiac 

iron loading.[51] Despite advancements in therapeutic care of thalassemia major 

and the resultant significant increase in patient survival, heart disease has 
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always been and continues to be the primary cause of death and illness[52], 

[53].  

 Cardiac compensation is a frequent mechanism observed in chronic 

anemia caused by TDT to ensure sufficient oxygenation to peripheral tissues 

and organs. Chronic anemia in TDT patients is known to impair the cardiac 

sympathetic and parasympathetic signals, creating a spectrum of heart rate and 

rhythm abnormalities [54]   

D- Enlargement of the Liver and Liver Disease:-  

 Transfusion-acquired hepatitis C virus (HCV) remains an important 

problem among patients with thalassemia, In thalassemia patients with HCV 

infection, liver iron does not play a major role in influencing the chronicity rate, 

whereas it is significantly associated with the fibrosis.[55]  

 Accumulating in the hepatocytes, iron plays a direct role in cancer 

development .[56] In addition to the risk of hepatocellular carcinoma( HCC) 

development in beta-thalassemia is linked to several factors: the high risk of 

infections transmitted by blood transfusions, responsible of chronic liver 

diseases as HCV and HBV. [57]  

E- Enlargement of the Spleen:-  

 Increased red blood cell breakdown by the reticuloendothelial system, 

particularly in the spleen, resulting in spleen enlargement (splenomegaly). 

Modern transfusion regimens, on the other hand, have significantly decreased 

the incidence of splenomegaly and splenectomy in BTM patients by 

establishing more appropriate pretransfusional haemoglobin levels and 

transfusion intervals [58],[59]. 
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 F- Endocrine Complications:-  

 The most common main consequences of beta -thalassemia are endocrine 

problems, including hypogonadism, hypoparathyroidism, hypothyroidism, and 

pancreatic and adrenal insufficiency [60]. 

  Failure of pubertal growth, delay or lack of sexual progress, amenorrhea, 

sexual dysfunction and infertility due to hypogonadism are well-known disorder 

of the hypothalamic - pituitary - gonadal axis in β-thal patients[61].  

 Primary hypothyroidism that may affect thalassemia patients is major lead 

to gland infiltration by iron overload. Central hypothyroidism caused by low 

secretion of Thyrotropin Stimulating Hormone (TSH) from the anterior pituitary 

gland, or by decreased secretion of Thyrotropin-Releasing Hormone (TRH) 

from the hypothalamus is less common[62]. 

G- Bone Abnormalities and Osteoporosis:-  

 Bone disorders in patients with thalassemia major (TM) and intermedia 

(TI) constitute complex conditions that result from various factors affecting the 

growing skeleton[63]  

 Iron overload, a state with excessive iron storage in the body, is a 

common complication in thalassemia patients which leads to multiple organ 

dysfunctions including the bone. Iron overload-induced bone disease is one of 

the most common and severe complications of thalassemia including 

osteoporosis. Currently, osteoporosis is still frequently found in thalassemia 

even with widely available iron chelation therapy[64].  
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H- Renal complication:-  

 The emerging renal complications in beta-thalassemia patients have raised 

the global exchange of views. Despite better survival due to blood transfusion 

and iron chelation therapy, the previously unrecognized renal complication 

remain a burden of disease affecting this population [65]. 

 Less is known about the effects of thalassaemia on the kidney. 

Abnormalities of renal function, such as increased renal plasma flow, decreased 

urine concentrating ability, and renal tubular acidosis, Anaemia and iron-

mediated toxicity are the speculated causes of these abnormalities.Chelation 

therapy may also affect renal function in thalassaemia patients [66].  

1.2.2.6. Management of β-thalassemia major:-  

A-Transfusions  

 The goals of transfusion therapy are correction of anemia, suppression of 

erythropoiesis, and inhibition of gastrointestinal iron absorption, which occurs 

in transfused patients as a consequence of increased, although ineffective, 

erythropoiesis [67]  

 Before starting transfusions, diagnosis of thalassemia should be 

confirmed; the molecular defect, the severity of anemia on repeated 

measurements, the level of ineffective erythropoiesis, and clinical criteria such 

as failure to thrive or bone changes with facial deformities should be taken into 

account. [68]  

 The decision to start transfusion in patients with confirmed diagnosis of 

thalassemia should be based on the presence of severe anemia (Hb < 7 g/dl for 

more than two weeks, excluding other contributory causes such as 

infections)[69].  
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    B- Iron Chelating Therapy:-  

 A unit of transfused packed RBC contains approximately 200–250 mg of 

iron and as humans essentially do not have a mechanism to excrete iron from 

the body, transfusional iron gets accumulated. Additionally, increased intestinal 

absorption of iron due to suppression of hepcidin secretion from the liver . [70].  

 The use of iron chelators for the treatment of systemic diseases such as 

thalassemia major and hemochromatosis is already a proven therapeutic 

approach , chelator treatment in iron overload patients induces substantial iron 

excretion and a negative iron balance [71] Iron chelation therapy is also needed 

in many of these patients even if they are not transfused [72].  

 There are now three iron chelators approved for clinical use, each with 

unique iron binding characteristics, absorption, elimination, and metabolism 

pathways. These is summarized in Table 1.1  

Table1.1. Comparison of currently available iron chelators[73]. 

Deferiprone 

(DFP) 

Deferasirox 

(DFX) 

Desferrioxamine 

(DFO) 

Compound 

chelates cardiac 

iron more 

efficiently 

better compliance extensive 

experience, low 

cost, better 

availability 

Advantages 

not 

recommended as 

monotherapy 

limited safety 

data 

poor compliance Disadvantages 
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75-100 20-40 (TDT); 5-

20 (NTDT) 

30-60 Dose 

(mg/kg/day) 

three times daily once daily 8-12hr infusion, 5-

7 days /week 

Frequency 

GI symptoms, 

arthralgia, 

agranulocytosis/ 

neutropenia 

GI symptoms, 

increased 

creatinine, 

increased hepatic 

enzymes 

ocular and auditory 

symptoms, 

retardation of bone 

growth, local 

reactions, allergy 

Main adverse 

effects 

Glucuronide 

formed in liver 

does not bind 

iron 

>90% of it is 

excreted in the 

feces, and 60% 

of it is 

unmetabolized. 

Iron is bound by 

the majority of 

metabolites 

Intrahepatic to 

metabolite B 

which binds iron 

Metabolism 

Oral Oral subcutaneous or 

intravenous 

Route 

Urinary Faecal urinary and faecal Route of iron 

excretion 

 

TDT: transfusion-dependent thalassaemia, NTDT: non-transfusion dependent 

thalassaemia, GI: gastrointestinal  
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C. Splenectomy:-  

 In thalassemia major and thalassemia intermedia, overactivity of the 

spleen occurs as a consequence of severe hemolysis. Splenectomy protects the 

patients against poor health and growth retardation by decreasing the 

transfusion requirement, improving the level of Hb as well as decline the 

accumulation of iron [74]. 

 Removal of the spleen is suggested when a requirement of transfusion is 

greater than 200 to 220 ml RBCs/kg with 70% hematocrit as well as packed 

RBCs 250–275 ml/kg with 60% hematocrit per year[75].  

D. Transplantation of hematopoietic stem cells:-  

 This scheme is used in the management of various ailments such as 

thalassemia. In this therapy, hematopoietic stem cells from the marrow squash 

of healthy individuals are sequestered and transmitted to patients of thalassemia. 

Nearly 80% of transplant recipients were successful by this treatment[76].  

 Graft versus host disease (GVHD) is the most significant and hazardous 

problem in the transplantation of bone marrow which might lead to the death of 

transfer recipients[77].  

E. Gene Therapy:-  

 The curative therapies of hematopoietic stem cell transplant (HSCT) and 

gene therapy or editing are increasingly used to treat patients with 

hemoglobinopathies, including thalassemia and sickle cell disease [78]. 

 Recent progress in gene therapy has been made by targeting discrete 

groups of patients with certain immunodeficiencies and hemophilia.β-

thalassemia is one of the first examples in which gene therapy could be applied 
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to a large population of patients who reside mostly in developing countries.[79] 

Complications and menegmentes are shown in Figure1.7.  

Figure1.7. Management of Thalassemia and Treatment-Related Complications.[80] 

1.3. Renal dysfunction in β-TM:- 

  Advances in the management of patients of beta-thalassemia major (β-

TM) and the advent of effective chelators have led to the discovery of many 

renal complications. Mechanisms of renal impairment in β-TM are still not fully 

investigated[81]. 
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 Chronic anemia and hypoxia may result in oxidative stress and lipid 

peroxidation and finally impairment in tubular cells function. In addition, iron 

overload due to repeated blood transfusions is a critical factor in the 

pathogenesis of kidney injury in thalassemic patients[82]. 

1.3.1. Mechanisms of renal disease in β-TM:-  

 Several major factors are responsible for functional abnormalities found 

in β-TM which include shortened red cell life span, rapid iron turnover, and 

tissue deposition of excess iron. Moreover, the uses of specific iron chelators 

are not without harm to the kidney[83]. 

1- The potential effects of thalassaemia-related chronic hypoxia 

and anaemia:-  

 Observed that the most striking effects of anemia on renal morphology 

were damages in the proximal tubules and a volume increase of the peri-tubular 

spaces[84]. A naemia can lead to activation of the oxidative stress cascade once 

again with the end result of lipid peroxidation and cell damage and eventual 

functional change of the tubules [85]. 

 The anaemia may also lead to changes in the morphology of cells in terms 

of size and vascular supply. Therefore, clinical caution is warranted with 

recommended monitoring for renal tubular and glomerular function [86].  

2-The potential effects of iron loading on the kidney:-  

 Post-mortem studies demonstrate haemosiderin deposition in visceral and 

parietal glomerular epithelial cells in both proximal and distal convoluted 

tubules leading to the possibility of tubular dysfunction. Also from studies in 

iron overloaded rats, it is possible that high levels of iron are sufficient to cause 

cellular damage via stimulation of reactive oxidative elements[87]. 
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 The mechanism of iron overload-associated renal damage has not been 

fully elucidated. Non-transferrin iron can lead to organelle membrane 

dysfunction and subsequent cell injury/death. Iron-catalyzed generation of 

reactive oxygen species (ROS) is responsible for initiating the peroxidative 

reaction. The possible association of oxidative stress and its impact on nitric 

oxide (NO) metabolism in iron overload associated renal injury was 

investigated through a randomized study on rats[88].  

 Iron overload may also lead to Damage and loss of peritubular capillaries, 

epithelial-mesenchymal transdifferentiation of tubular cells to myofibroblasts, 

tubulointerstitial injury, glomerulosclerosis [80].  

3- The potential effects of iron Chelation therapy on the kidney:- 

 Consumption of all three available iron chelators (deferoxamine, 

deferiprone, and deferasirox) may result in glomerular dysfunction. This 

glomerulopathy ranges from mild increase in serum creatinine up to acute 

kidney injury. Deferasirox and deferoxamine can cause renal injury in 

thalassemia patients more than deferiprone, especially when appropriate dosage 

monitoring is absent Iron depletion due to higher doses of iron chelators can 

play a critical role in pathogenesis of kidney injury in thalassemia.[89]  

 The most probable mechanism of GFR reduction in iron deprived 

nephrons is mitochondrial dysfunction and consequent production of adenosine 

and adenosine triphosphate. This phenomenon may lead to activation of the 

tubulo-glomerular feedback and vasoconstriction of the afferent preglomerular 

arterioles[10]. 
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1.3.2. Types of renal injury:-  

 Kidney injury in thalassemia increases with age and duration of blood 

transfusions [90]. These patients can also manifest both tubular and glomerular 

dysfunction [91].  

A- Tubular dysfunction:-  

 Tubular dysfunction among patients with β-thalassemia has been related 

to iron overload, chronic anaemia, as well as deferoxamine (DFO) toxicity [92]. 

Protein are reabsorbed and catabolized within the proximal tubule after being 

freely filtered at the glomerulus. As a result, the presence of significant amounts 

of these proteins in the urine indicates that tubular reabsorptive processes have 

failed[93]. 

  Common signs of tubulopathy, such as proteinuria, hypercalciuria, 

phosphaturia, hyperuricosuria, magnesiumuria, and increased excretion of β2-

microglobin (β2Μ), Cystatin C was demonstrated in a TDT Iranian 

population[94].  

 Early recognition of renal dysfunction is of great importance both for 

intervening in a timely manner and for improving prognosis. Therefore, in 

recent years several products produced and released by proximal tubular cells as 

measurable proteins in a variety of renal diseases have been tested, as possible 

valid biomarkers of renal injury. [95] Such proteins include N-Acetyl-beta-D-

glycosaminidase (NAG), neutrophil gelatinase-associated lipocalin (NGAL), 

Kidney Injury Molecule-1 (KIM-1), Liver-type Fatty Acid-Binding Protein (L-

FABP) and Interleukin-8 (IL-8), all of which were studied mainly in children 

and younger patients with TM. Further studies are needed to evaluate the 

significance of these biomarkers as predictors of renal disease in thalassemia 

patients[96].  
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B-Glomerular dysfunction:-  

 Changes in glomerular function are also evident in multitransfused 

patients with beta-thalassemia. Chronic anemia is thought to reduce systemic 

vascular resistance leading to hyperdynamic circulation and subsequent 

increased renal plasma flow and glomerular filtration rate (GFR)[97]. Although 

reduction in GFR rarely occurs in pediatric patients with β thalassemia major , 

gradual decrease in GFR may happen with increasing age and progressive 

kidney damage[98].  

 The current study results showed decreased estimated GFR in eleven 

percent of thalassemic patients. Glomerular capillary wall stretching, and 

subsequent endothelial and epithelial injury, can induce the transudation of 

macromolecules into the mesangium and glomerular dysfunction, which may 

cause a progressive decline in GFR[99].  

1.3.3. Biomarker of renal dysfunction in TBM:-   

1.3.3.1. Blood urea:-  

 Nitrogen metabolism is necessary for normal health. Nitrogen is an 

essential element present in all amino acids; it is derived from dietary protein 

intake, is necessary for protein synthesis and maintenance of muscle mass, and 

is excreted by the kidneys. Renal nitrogen excretion consists almost completely 

of urea and ammonia[100].   

 Renal excretion accounts for more than 90% of urea elimination from the 

body. Urea is filtered across the glomerulus and enters the proximal tubule. The 

concentration of urea in the ultrafiltrate is similar to plasma [101] , (40 % -70 

%) of urea passes passively out of the tubule and into the renal interstitial space, 

eventually returning to plasma. Urea back-diffusion is also affected by urine 
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flow rate, during high flow; the entry of urea into the interstitium is reduced and 

more in low-flow situations. For many years, blood and serum urea 

measurements have been used to assess kidney function[102].  

1.3.3.2. Serum Creatinine:-  

 creatinine are nitrogenous end products of metabolism. Creatinine is the 

product of muscle creatine catabolism. Thus, creatinine production essentially 

reflects lean body mass. Because this mass changes little from day to day, the 

production rate is fairly constant[103].  

 In normal subjects, creatinine is excreted primarily by the kidneys. There 

is minimal extrarenal disposal or demonstrable metabolism, As a small 

molecule (molecular weight of 113 daltons)[104].  

 Creatinine formation begins with the transamidination from arginine to 

glycine to form glycocyamine or guanidoacetic acid (GAA). This reaction 

occurs primarily in the kidneys, but also in the mucosa of the small intestine and 

the pancreas. The GAA is transported to the liver where it is methylated by S-

adenosyl methionine (SAM) to form creatine. Creatine enters the circulation, 

and 90% of it is taken up and stored by muscle tissue. In a reaction catalyzed by 

creatine phosphokinase (CPK), most of this muscle creatine is phosphorylated 

to creatine phosphate. Each day, about 2% of these stores is converted 

nonenzymatically and irreversibly to creatinine show as figure1.8[105].  
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Figer1.8.Metabolism and excretion of Creatnine [106]. 

1.3.3.3. Beta2-microglobulin (β2M):-  

 Beta2-microglobulin is a single-chain polypeptide, with low molecular 

weight (11.8 kDa) released by all nucleated human cells [107]. The production 

of beta 2-microglobulin in normal subjects is quite constant, about 0.13 mg/h 

kg. The catabolism almost exclusively through renal elimination [108]. 

 The protein readily passes the glomerular membrane; subsequently more 

than 99.9% of the filtered beta 2-microglobulin is reabsorbed and degraded in 

the proximal tubules, only about 5 micrograms/h of the protein appearing in the 

final urine. Proximal tubular dysfunction leads to an increased urinary 

concentration this shown in Figure1.9[109].  

 The amount of this parameter is very low in healthy individuals, but its 

level increases in conditions such as neoplastic, inflammatory, and 

immunologic conditions [110].  

 Impaired uptake as a result of tubular injury results in increased β2M 

urinary excretion, and thus β2M is considered a direct marker of tubular 

dysfunction. However, increased β2M production or isolated glomerular disease 

may increase urinary excretion as well [111].  
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 Furthermore, clinical studies have investigated β2-MG as a useful 

biomarker for predicting poor outcomes in patients with kidney.[112] In CKD 

the serum β2-microglobulin had the best diagnostic value. Periodic renal 

assessment of renal patients is mandatory as they may be affected by hidden 

renal dysfunction[113]. 

 

Figure1.9. production, circulation, catabolism and excretion of B2 macroglobulin in 

health and disease[114]. 

1.3.3.4. Neutrophil gelatinase associated lipocalin (NGAL):-  

 Neutrophil gelatinase-associated lipocalin (NGAL), a small 25 kDa 

stress-protein released from injured tubular cells after various damaging stimuli, 

is already known by nephrologists as one of the most promising biomarkers of 

incoming Acute Kidney Injury[115]. 

     Plasma NGAL were filtered in glomerulus, and many undergone 

reabsorption by proximal tubular; therefore, NGAL excretion in urine only 

occurs when there is proximal tubular damage which disrupts NGAL 

reabsorption or increase NGAL synthesis [116]. 
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 The main function of NGAL is related to its capacity to bind iron -

siderophore complexes, leading to a bacteriostatic property by preventing iron 

uptake with bacteria. NGAL is detected at very low level in various cell types. 

The primary site of NGAL production in kidneys was the ascending loop of 

Henle and collecting duct cells [117]. 

        Renal tubular and glomerular dysfunctions are not uncommon in patients 

with β-TM. Iron over load, anemia, and iron chelation therapy are likely to be 

the main factors responsible for these tubular and glomerular abnormalities. 

Iron over load leads to iron deposition in the glomeruli, proximal renal tubules, 

and renal interstitium. Anemia causes glomerular hyperperfusion, and 

hyperfiltration can lead to stretching of the glomerular capillary wall, resulting 

in endothelial and epithelial injury and hypoxia, which in turn leads to 

tubuleinterstitial injury [118].The rise of NGAL in serum is regarded a sensitive 

and reliable measure of proximal tubular toxicity[119]. 

 Kidney injury may result in NGAL secretion from the epithelial cells of 

kidney. NGAL is filtered by glomeruli and then reabsorbed by proximal tubule. 

After acute kidney injury, the reabsorption of NGAL in tubular cells decreases 

and therefore serum and urinary NGAL concentration increases show in Figure 

1.10 [120].  

 

Figure 1.10 Systemic and urinary NGAL as renal damage biomarkers and their 

limitations [121]. 
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 Neutrophil gelatinase-associated lipocalin (NGAL) is highly modulated in 

a wide variety of pathological situations, making it a useful biomarker of 

various disease states. It is one of the best markers of acute kidney injury, as it 

is rapidly released after tubular damage. However, a growing body of evidence 

highlights an important role for NGAL beyond that of a biomarker of renal 

dysfunction[122]. Moreover, after acute kidney injury (AKI), hepatic 

production of NGAL increases. Thus, both urine and plasma NGAL can be used 

to predict the onset and course of kidney injury [123].  

 NGAL levels clearly correlate with severity of renal impairment, probably 

expressing the degree of active damage underlying the chronic condition. For all 

these reasons, NGAL may become one of the most promising next-generation 

biomarkers in clinical nephrology and beyond[124].  

1.3.3.5. Cystatin-C:-  

 Cystatin-C is low-molecular-weight non-glycosylated protein that can 

inhibit cysteine protease, synthesized and secreted by all human nucleated 

cells[125]. The mature, active form of human cystatin-C is a single non-

glycosylated polypeptide chain consisting of 120 amino acid residues, with a 

molecular mass of 13,343–13,359 kDa, and containing four characteristic 

disulfide-paired cysteine residues[126].  

 Cystatin-C is a sensitive biomarker for glomerular filtration rate (GFR) 

and not secreted by the renal tubules or reabsorbed back into the serum. It is 

better than creatinine clearance in the diagnosis of renal function impairment, as 

it is not affected by height, sex, diet, and muscle mass[127]. Additionally, β 

Thalassemia patients had a high frequency of glomerular dysfunction , and 

cystatin-C was a promising marker for monitoring of glomerular dysfunction in 

these patients [128].  
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 Estimated GFR based on cystatin-C could be used as a confirmatory test 

for an adverse prognosis in patients with chronic kidney disease. The validity 

and accessibility of cystatin-C testing have been greatly improved by the release 

of a certified reference material for calibrating laboratory assays[129]. 

  Report the development and validation of two new equations for 

estimating GFR — one using standardized cystatin-C alone and the other using 

cystatin-C combined with standardized creatinine [130]. The early and accurate 

detection of renal impairment is crucial to prevent its progression, and thereby, 

to potentially improve its outcome. In clinical practice, the detection of renal 

impairment, which is characterized by a rapid decline of the glomerular 

filtration rate (GFR), is based on an increase of serum creatinine. However, 

there are major limitations to the use of creatinine for estimating glomerular 

filtration rate (GFR)[131]. Thus, minor changes of creatinine, as typically seen 

early in acute renal failure, may already reflect substantial declines in GFR. 

Furthermore, serum creatinine inaccurately estimates GFR due to tubular 

secretion and reabsorption of creatinine, To overcome these obstacles, there is 

an extensive search for improved laboratory markers of impaired renal 

function[132]. Cross-sectional studies in chronic renal insufficiency identified 

serum cystatin C as a promising, easily measurable marker to estimate GFR 

with higher diagnostic value than serum creatinine [133].  

       Limitations to its routine use in clinical practice has been primarily cost 

considerations where, for example, it costs up to ten times that of a serum 

Creatinine assay, and it can be affected by thyroid disease, adiposity, and 

underlying inflammation shown in Figure1.11[134]. 
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Figure1.11. Controversial findings regarding the relationship between Cystatin-C and 

Kidney diseases.[135] 

 

 

 

 

 



Chapter One                                         Introduction and Literature Review 

31 
 

Aim of the study:- 

      The objective of the present study is to identify diagnostic, prognostic and 

predictive parameters, which can be used to diagnosis deterioration of kidney 

function in β-thalassemia major patients in early renal impairment with high 

sensitivity and specificity, improve prognostication or predict and monitor 

treatment effectiveness and tolerability for the individual patient through 

determination of new parameters. 

To achieve this aim it should apply the following points:- 

1. Assessment the changes in β2-microglobulin in BTM patient for prediction 

renal impairment and correlation with duration of disease. 

2. Evalution the changes in the NGAL as parameter in BTM. 

3. Evaluation the changes in The Cystatin-C level among BTM.
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2. Material and methods:-  

2.1. Chemicals.  

All the kits used in this study were shown in table (2.1).  

Table: (2.1)-Kits used in this study 

Manufacture 

Country 

Name of the 

Company 

Kit NO 

France Biolabo Creatinine (Colorimetric) Kit 1 

France BioMrieux Mini 

Vidas 

Ferritin Kit 2 

France Biolabo GOT Kit 3 

France Biolabo GPT Kit 4 

USA Mybiosource Human Beta2-microglobulin ELISA 

Kit 

5 

 

USA Mybiosource HumanCystatin(CYS-C)ELISA Kit 6 

USA Mybiosource HumanNeutrophil Gelatinase 

Associated Lipocalin(NGAL) 

ELISA Kit 

7 

France Biolabo Urea (Colorimetric) Kit 8 
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2.2. Instruments and equipment.  

The instruments and equipment used in this study were shown in table (2.2).  

Table: (2.2) - Instruments and equipment 

Origin Instruments and equipment NO. 

Hettich, Germany Centrifuge 1 

GFL, Germany Deep freeze 2 

Jordan Disposable syringe (5 ml) 3 

Meheco, China Disposable test tube (10 ml) 4 

GFL, Germany Distilletor 5 

Biotek, USA Elisa reader and washer 6 

China Eppendorf tube (1.5 μl) 7 

China Hematology Analyzer (CBC) 8 

Memmert,Germany Incubator 9 

Slamed, Germany Micropipettes (5-50 μl), (2-20 μl), (20-200 μl), 

(100-1000 μl) 

10 

Mybiosource USA Multichannel micropipette reservoir 11 

China pipette tips 0.2 ml 12 

China pipette tips 1 ml 13 

AFCO, Jordan Test tube with separation gel 14 
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BioMrieux,France Vidas 15 

Memmert,Germany Water bath 16 

 

2.3. Subjects  

 In this study, there are two groups: the first includes patients with beta 

thalassemia major, and the second includes those who appear to be healthy. The 

sample size was determined according to the Daniel formula for sample size.  

This formula is:  

N ═ Z² P (1-P) / d²  

Where n= sample size  

Z= Z statistic for the level of confidence interval 95% which = 1.96. 

P= Prevalence of β-thalassemia which is 3.0 % in the Iraq [136]. d= precision 

(in proportion of one; if 5%, d = 0.05).  

n= (1.96)2 *0.03*0.97 / 0, 0025  

n= 45  

2.3.1. The Place and Date of Study  

 The samples were collected from Karama Hospital-Genetic Hematology 

center/Baghdad during the period from 1st of September until 1st of January 

2023. Questionnaires were created to collect data from the control and patients 

group. The questionnaire is shown in appendix. 
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2.3.2. Study Designs  

The study was designed as a case-control study.  

2.3.3. Patients group  

 The patients group that consisted of 45 patients with β-thalassemia major 

with repeated blood transfusion.  

2.3.4. Control Group  

 The control group consists of 45 individuals. They were collected from 

apparently healthy individuals Age (18-35) according to the plan study. 

 

  

Figure (3-1) Studied groups 
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2.3.5. Criteria for Exclusion  

1. Any patient with diabetes mellitus. 

2. Patients with other hemoglobinopathies. 

3. Pregnant. 

4. Any patient with chronic liver disease. 

2.3.6. Inclusion Criteria 

    The patients group that consisted of 45 patients with β-thalassemia major 

with repeated blood transfusion, in addition to apparently healthy individuals as 

control group that consisted of 45 individuals. 

2.3.7. Ethical Approval and Consent  

 All participants in this study were informed before to collecting samples, 

and verbal agreement was obtained from each of them.  

2.4. Methods  

2.4.1. Collection of Samples  

 Using a disposable syringe (5 ml), venous blood samples were obtained 

from control and patients. Subjects were asked to come in for a blood sample. 

Five milliliters of blood were extracted through vein puncture and progressively 

pumped into disposable tubes containing separating gel. The blood in the gel-

containing tubes was allowed to clot for 10 minutes at room temperature before 

being centrifuged for 10 minutes at 2000 xg, then separated into small volumes 

and kept in a deep freezer (-20 C) to carry out the assay. The blood samples 

obtained from the groups were used to estimate serum Ferritin, serum 

Creatinine, Blood Urea, B2-MG, Cyst-C and NGAL.  
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 Early morning urine sample collected from patients and control, and 

putted into disposable container, than centrifuged for 20 minutes at 1000xg, 

then the supernatant was collected and separated into small volumes and kept in 

a deep freezer (-20 C) to carry out the assay. 

2.4.2. Determination of Human Neutrophil Gelatinase Associated 

Lipocalin (NGAL)  

 Human Neutrophil Gelatinase Associated Lipocalin (NGAL) level was 

measured by enzyme linked immunosorbent assay kit.  

Principle:-  

 The sandwich-ELISA technique is used in this ELISA kit. This kit 

includes a micro ELISA strip plate that has been pre-coated with anti-human 

NGAL monoclonal antibody. In the micro ELISA plate wells, standards or 

samples are mixed with the specific antibody. After that, a Biotinylated 

detection antibody specific for human NGAL and an Avidin-Horseradish 

Peroxidase (HRP) conjugate are incubated in each microplate well. The 

components that are not needed washed away. Each well is filled with substrate 

solution. Only those wells that contain human NGAL, the color of Biotinylated 

detection antibody and the Avidin- HRP conjugate will be blue. The enzyme-

substrate reaction is stopped when stop solution is added, and the color turns to 

yellow. The optical density (OD) is measured spectrophotometrically at a 

wavelength of 450 nm. The optical density value is proportional to the amount 

of human NGAL in the sample. By comparing the absorbance of the samples to 

the standard curve, the concentration of NGAL in the samples was determined.  
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Reagent Preparation  

1- All materials were placed at room temperature (18~25℃) before use.  

2- A volume of 30 mL of concentrated wash buffer was added to 720 mL of 

deionized or distilled water to prepare 750 mL of wash buffer.  

3- A standard solution of 50 pg/mL was produced by addition the original 120μl 

(100 ng/mL) with 120μl of standard diluent. The working solution was let stand 

for 10 min. Then, as needed, the serial dilutions were produced, 100, 50, 25, 

12.5, 6.25, 3.13, 1.56, 0 ng/mL. 

  

Figure (2.1): Concentration of standards of NGAL 

4- The required amount of Biotinylated Detection Ab working solution was 

calculated before use (100μL/well). The stock tube was utilized by centrifuge 

before use; the Concentrated Biotinylated Detection Ab was diluted as 100x 

with Biotinylated Detection Ab Diluent.  

5- The required amount of HRP Conjugate working solution was calculated 

before use (100μL/well). The Concentrated of HRP Conjugate was diluted as 

100x with Concentrated HRP Conjugate Diluent.  
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Assay procedure  

1- A volume of 100μl of standard was added to well standard, antibody was not 

added to a standard well because the standard solution contains Biotinylated 

antibody.  

2- A volume of 100μl from sample was added to each sample wells. The wells 

were mixed. The plate was covered with sealer. Incubate for 90 min, at 37 °c.  

3- Without washing, the liquid was decanted from each well. Each well was 

filled immediately with 100μl of Biotinylated Detection Ab working solution. 

The surface of plate was protected by plate sealer. The wells were mixed and 

incubated for 1 hour at 37°C.  

4- The solution was decanted from each well after incubation and added 350 μl 

of wash buffer to each well. After 1-2 minutes of soaking, the solution was 

decanted from each well and patted it dry with clean absorbent paper. This wash 

phase was repeated three times. The ELISA reader was used to complete this 

phase.  

5- Each well was received 100 μl of HRP Conjugate working solution. The 

surface of plate was protected by plate sealer. The plate was incubated at 37°C, 

for 30 minutes.  

6- The solution was decanted from each well, and then the wash procedure was 

performed in five times as in step 4.  

7- Each well was received 90 μl of Substrate Reagent. The new plate sealer 

were covered the wells. At 37°C, The plate was incubated for around 15 

minutes. The plate was protected from light.  

8- The reaction was stopped by adding 50μl of stop solution to each well, and 

the color change from the blue to yellow immediately.  
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9- The optical density (OD value) of each well identified directly after applying 

the stop solution by utilize a microplate is measured spectrophotometrically at 

450 nm within 10 min.  

Calculation of Results  

 Known concentration of Human NGAL standard and its corresponding 

reading absorbance was plotted on the scale (Y-axis) and the scale (X-axis) 

respectively. The level of Human NGAL in sample is determined by plotting 

the sample’s absorbance on the X-axis as shown in figure (2-3). The dilution 

factor must be multiplied by the concentration determined from the standard 

curve for each sample diluted.  

 

Figure (2-2) Standard curve of NGAL  

2.4.3. Determination of Beta2-microglobulin (B2M).  

 Beta2-microglobulin (B2M) was measured by enzyme linked 

immunosorbent assay kit.  

Principle:-  

 The sandwich-ELISA technique is used in this ELISA kit. This kit 

includes a micro ELISA strip plate that has been pre-coated with anti-human 
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B2M monoclonal antibody. In the micro ELISA plate wells, standards or 

samples are mixed with the specific antibody. Antibodies of the patient, if 

present in the specimen, binds to the antigen. In the following step, the unbound 

fraction is washed off. Anti-human immunoglobulins conjugated to horseradish 

peroxidase (conjugate) are then incubated and the samples in the microplates 

react with the antigen-antibody complex. In the following stage, the unbound 

conjugate is washed off. The addition of TMB-substrates causes a colorimetric 

(blue) enzymatic reaction that is stopped by diluted acid (color changes to 

yellow). The strength of the chromogenic color formation depends on the 

amount of conjugate attached to the antigen-antibody complex and is 

proportional to the initial concentration of the respective antibodies in the 

sample of the patient.The optical density (OD) is measured by 

spectrophotometrically at a wavelength of 450 nm.  

Kit composition of Reagents  

Table: (2.3) - Components of B2M Kit 

Quantity Reagents 

4 Adhesive Strip (For 96 well ) 

1x 10 ml Antibody diluent 

1x 60 μl Antibody(100 x concentrate) 

1(96well) Assay plate (12 x 8 coated microwells) 

1x 20 ml HRP-conjugate diluent 

1x 120 μl HRP-conjugate(100 x concentrate) 

1 Instruction manual 
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2x 20 ml Sample diluent 

2x 250 μl standard 

1x 10 ml Stop Solution 

1x 10ml TMB Substrate 

1x 20 ml Wash buffer(25 x concentrate) 

 

Procedure  

1. A volume of 100μl was pipette from each patient and healthy control diluted 

serum into the designated microwells.  

2. A volume of 100 μl was pipette from calibrators in the suitable wells.  

3. Incubate for 30 minutes at 25°C.  

4. Wash 3 times using 300 μlof washing buffer.  

5. Pipette 100 μl conjugate into each well.  

6. Incubate for 30 minutes at 25°C.  

7. Wash 3 times using 300 μl of washing buffer.  

8. Pipette 100μl TMB substrate into each well.  

9. Incubate for 30 minutes at 25°C° and should be protected from intense light.    

10. Pipette 100 μl stop solution into each well, using the same order as pipetting 

the substrate.   

11. Incubate 5 minutes minimum.  
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12. Agitate plate carefully for 5 sec. 

13. Read absorbance at 450 nm within 30 minutes. 

Calculation of Result 

 

Figure (2.3) Standard curve of B2-microglobulin test 

2.4.4. Determination of Human Cystatin-C (CYS-C)  

Principle 

 ELISA kit uses the Sandwich-ELISA principle. The plate has been pre-

coated with a human Cystatin C antibody. Cystatin C antibody present in the 

sample is added and binds to antibodies coated on the wells. And then 

biotinylated human Cystatin C Antibody is added and binds Cystatin C antibody 

in the sample. Then Streptavidin-HRP is added and binds to the Biotinylated 

Cystatin C antibody. After incubation unbound Streptavidin-HRP has washed 

away during a washing step. The substrate solution is then added and color 

develops in proportion to the amount of human Cystatin-C antibody. The 

reaction is terminated by the addition of acidic stop solution and absorbance is 

measured at 450 nm.  
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Kit composition of Cystatin-C:- As shown in the Table (2.4). 

Table: (2.4) - Components of Cystatin-C Kit 

Quantity Reagents 

25ml x 1 bottle 20x Wash Solution 

6.0mlx 1 bottle Chromogen Solution A 

6.0mlx 1 bottle Chromogen Solution B 

2x pieces Closure plate membrane 

10.0 ml x 1 bottle HRP-Conjugate Reagent 

1x paper Manual 

96 well plate Microelisa Stripplate 

6.0 ml x 1 bottle Sample diluent 

0.5 ml x 6 vials Standards 

6.0ml x 1 bottle Stop Solution 

 

Procedure  

1- All reagents were Prepare, standard solutions, and samples as instructed. All 

reagents were Bring to room temperature before use. The assay is performed at 

room temperature.  

2- I added 50μl standard was added to a standard well (S1,S2,S3,S4,S5,S6). 
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3- I added 50μl sample was Add to sample wells and then add 10μl anti- 

Cystatin C antibody to sample wells, 50μl streptavidin-HRP was added to 

sample wells and standard wells. We Mix and Cover the plate with a sealer. and 

we Incubate 60 minutes at 37°C.  

4- I remove the sealer and wash the plate 5 times with wash buffer at least 0.35 

ml wash buffer for 30 seconds to 1 minute for each wash.  

5-I added 50μl substrate solution A was to each well and then we add 50μl 

substrate solution B to each well. Incubate plate covered with a new sealer for 

10 minutes at 37°C in the dark.  

6- I added 50μl Stop Solution to each well, the blue color will change into 

yellow immediately.  

7- The optical density (OD value) determined each well immediately by using a 

microplate is measured spectrophotometrically at 450 nm within 10 minutes 

after adding the stop solution. 

 

Figure (2-4) principle of sandwich ELISA[137]. 

 



Chapter Two                                                              Material and Methods   

46 
 

Calculation of Result 

 

Figure (2.5) standard curve of Cystatine-C test 

2.4.5. Determination of Serum Creatinine.  

 Principle this procedure is based upon a modification of the original 

picrate reaction (Jaffe). Creatinine under alkaline conditions reacts with picrate 

ions forming a reddish complex. The formation rate of the complex measured 

through the increase of absorbance in a prefixed interval of time is proportional 

to the concentration of creatinine in the sample. 

Creatinine + Picric acid         PH>12        Red complex  

Reagents Composition 

Table: (2.5) - Reagents composition of Creatinine Kit 

Disodium Phosphate 6.4 mmol/L Sodium 

hydroxide 150 mmol/L 

R1 Reagent 1 

Sodium dodecyl sulfate 0.75 mmol/L Picric 

acid 4.0 mmol/L 

R2 Reagent 2 
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Standard 177 μmol/L (2 mg/dL) R3 Standard 

 

Procedure  

All reagents and specimens were placed at room temperature before using  

Table: (2.6) - Procedure of serum creatinine. 

1000 Μl Working Reagent (R1+R2) 

1000 Μl Serum 

 

     The contents were mixed and the kinetic test were performed at 37 o C. After 

30 seconds, the absorbance A1 was read and 120 seconds later, the absorbance 

A2 was read against distilled water is measured spectrophotometrically at 490 

nm (490-510).  

Calculations  

The results were calculated as follows:  

Result = 
Abs Assay (A2 − A1) – Abs Blank (A2 − A1) 

Standard(A2−A1) 
 x (2 mg/dl)                                               

Reference Intervals[138]. 

Male = 0.9 -1.3 mg/dl  

Female = 0.6 - 1.1 mg/dl  
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2.4.6. Determination of Blood Urea.  

Principle  

 Urea is hydrolyzed by urease into ammonia and carbon dioxide. The 

ammonia generated forms with chloride and salicylate a blue – green complex. 

The intensity of the color formed is proportional to the concentration of urea in 

the sample.  

Reagents Composition  

Table: (2.7) - Reagents composition of Urea Kit 

Salicylate 31 mmol/L Nitroprussiate 1.67 

mmol/L 

R1 Reagent 1 

Urease ≥ 15 UI/L R2 Reagent 2 

Sodium hypochloride 7 mmol/L Sodium 

hypooxide 62 mmol/L 

R3 Reagent 3 

Standard urea 40 mg/dL R4 Standard 

 

Procedure  

The reagents and specimens were placed at room temperature before using.  

Table: (2.8) - Procedure of blood urea. 

Sample Standard Blank Pipette into test tubes 

1ml 1ml 1ml Working Reagent (R1+R2) 
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  10 μl Distilled water 

 10 μl  Standard 

10 μl   Serum 

The tubes were mixed and incubated for 2 min at 37oC 

1ml 1ml 1ml Reagent 3 (R3) 

 

The contents were mixed and let stand for 8 min at room temperature or 5 min 

at 37o C. the absorbance is measured spectrophotometrically at 600 nm against 

blank.  

Calculations  

The results were calculated as follows: 

Result = 
Abs (Assay)

Abs (standard)
  x Standard concentration (40 mg/dl).  

              Abs (standard)  

2.4.7. Determination of Serum Ferritin 

Serum Ferritin level was measured by VIDAS technique.  

Principle  

 The VIDAS Ferritin assay is enzyme-linked fluorescent immunoassay 

(ELFA). Performed in an automated instrument all assay steps and assay 

temperature are controlled by the instrument apipette tip-like disposable device, 

The Solid Phase Receptacle (SPR) functions as both the solid phase and the 
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assay's pipetting mechanism. The SPR is coated at time of manufacture with 

mouse monoclonal anti-ferritin antibodies The test reagents are predispensed in 

sealed reagent strips and are ready to use. The instrument performs all of the 

assay processes automatically.  

 The ferritin in the sample binds to the specific monoclonal antibody 

conjugate with alkaline phosphatase on the interior of the SPR to retained 

ferritin during the washing procedure, any unbound conjugate is removed.  

 A fluorescent substrate, 4-Methylumbelliferyl phosphate is cycled in and 

out of the SPR during the final detection stage. The conjugate enzyme catalyzes 

the hydrolysis of this substrate to produce a fluorescent product (4- 

Methylumbelliferone) with 450 nm fluorescence. The fluorescence intensity is 

proportional to the amount of ferritin present in the sample.  

Kit composition  

Table: (2.9) - Components of Ferritin Kit 

Ready to use .SPRs coated with mouse monoclonal 

anti-Ferritin antibodies 

SPR 60 FER SPR 

(2X30) 

Ready to use .TRIS buffer(0.1 mol/l,PH 7.4) with 

human spleen ferritin and protein and chemical 

stabilizers ,MLE data indicate the confidence interval in 

ng/ml (control C1 dose value renge) 

C1 FER Control 

(liquid) 

(1x2ml) 

Ready to use. STR FER strips (60 

STP) 
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Procedure  

 The Ferritin strips and Ferritin SPR were inserted into the instrument then 

100 µl were added from each sample to wells no.1 of strips. The instrument 

performs all the assay steps automatically. Calibration was performed each 14 

days and its curve is stored in memory while quality.  

Reference Range  

Normal serum ferritin: Man 70-435 ng /ml 

Women 25-280 ng/ml 

2.4.8. Determination of CBC Testes  

      A CBC gives your provider a picture of your overall health. Using a small 

amount of blood, a CBC can help detect hundreds of conditions, disorders and 

infections. It allows your provider to monitor your health, screen for disease and 

plan and adjust treatment. 

Ready to use. TRIS buffer(0.1 mol/l,PH 7.4) and 

protein and chemical stabilizers 

R1 FER Dilution 

Buffer (liquid) 

(1x25ml) 

Ready to use. TRIS buffer(0.1 mol/l,PH 7.4) with 

human spleen ferritin and protein and chemical 

stabilizers ,MLE data indicate the Calibrator 

concentration in ng/ml(1st IRP 80/578)(calibrator (S1) 

dose value) and the confidence interval in Relative 

fluorescence value (calibrator(S1) RFV Range) 

S1 FER 

Calibrator 

(liquid) 

(1x2ml) 
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     Performed by an automated hematology analyzer, which counts cells and 

collects information on their size and structure. The concentration of 

hemoglobin is measured, and the red blood cell indices are calculated from 

measurements of red blood cells and hemoglobin. This test(s) was done by 

automated system SYSMEX (CE approved) 

Normal ranges for a complete blood count:- 

Hemoglobin normal range: 

 Male (ages 15+): 13.0 - 17.0 g/dL 

 Female (ages 15+): 11.5 - 15.5 g/dL 

Hematocrit normal range: 

 Male: 40 - 55% 

 Female: 36 - 48% 

Red blood cell normal range: 

 adult : 4.35- 5.65 *1012 / L 

Platelet Count normal range: 

 Adult: 150,000 - 400,000/mL 

White blood cell (WBC) normal range: 

 Adult: 5,000-10,000/mL 

2.4.8. Determination of GOT and GPT Testes  

Serum GOT, GPT  level was measured by Cobas E411 analyzer technique 

       The Cobas E411 analyzer is a fully automated analyzer that uses a patented 

ElectroChemiLuminescence (ECL) technology for immunoassay analysis. It is 

designed for both quantitative and qualitative in vitro assay determinations for a 

broad range of applications (including anemia; bone, cardiac and tumor 
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markers; critical care; fertility/hormones; and infectious diseases). The analyzer 

is available as a rack sample handling system. 

      The Clinical Biochemistry Analyzer is an instrument that uses the pale 

yellow supernatant portion (serum) of centrifuged blood sample, and induces 

reactions using reagents to estimate the values of serum transaminases (GOT, 

GPT) 

Normal ranges:- 

GOT = 0 – 40 U/L 

GPT = 0 – 41 U/L 

2.5. Statistical Analysis.  

 Statistical analysis was carried out using SPSS version 26. Continuous 

variables were given as (Mean± SD) while categorical variables were provided 

as frequencies and percentages. Student t-test was used to compare means 

between two groups and the correlation test (Pearson test) was performed to 

find the association between variables. P-value less than 0.05 was considered as 

significant. ROC survival test was used for evaluating the ability of study 

parameters to discriminate disease from non-disease subjects[139].

 

 

 

 

 

 

 



Chapter Three                                                Results and Discussion 

54 
 

3. Results and Discussion. 

3.1. Demographic and Clinical Characteristics of the Study 

Group 

3.1.1Gender Distribution in patients and control 

The gender distribution of the studied groups was 45 patients with β-

thalassemia major, 18 (40.00%) male and 27 (60.00%) female, matching with 

controls and the results represented in figure (3-1). 

 

Figure (3-1) Gender distribution of patients & controls 

3.1.2 Age Distribution in patients and control  

The distribution of patients with β- thalassemia major according to age is shown 

in Figure (3.1). A total of patients with thalassemia included in this study whose 

ages ranged (18-35) years. Control group apparently healthy subjects with an 

age range (18-35) years                                                                                            

18 (40%)

27 ( 60%)

male

femal
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Figure (3-2) Age groups of patients with BTM 

     

3.2. Biochemical Parameters.  

3.2.1. Neutrophil Gelatinase Associated Lipocalin (NGAL).  

 Assessment of NGAL in Thalassemia patient is showed that the Mean ± 

SD for patient was (711.0 ± 198.6) pg/ml and for healthy control was (187.4 ± 

41.82) pg/ml respectively. The findings demonstrated a significant difference in 

NGAL levels between patients and their control group (P< 0.01), as shown in 

the Table (3.1) and Figure (3.1). 

Table: 3.2- Comparison of NGAL level in patients and control groups. 

 Group N Mean ± SD p-value 

NGAL 

pg/ml 

Patients 45 711.0 ± 198.6  

0.001 
Control 45 187.4 ± 41.82 
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Figure (3-3) Comparison of NGAL level in patients and control groups. 

 Increased NGAL level in the serum indicate the presence of an injury to 

the renal tubes. Elevated serum NGAL in individuals with βthalassemia major 

related to renal dysfunction [140] . 

     According to the results of our study, renal tubular dysfunction is prevalent 

in patients with βTM. Also, we found that increased plasma NGAL level can be 

considered as the beginning of renal tubular injury in patients with βTM. 

Laboratory measurements of the renal function in these patients at certain time 

points can prevent further complications. Regarding the prevalence of renal 

tubular dysfunction in patients with TM and unawareness of the patients about 

it, a periodic evaluation of renal function can prevent progression of renal 

dysfunction by identifying them early this  agreed with other study (Sadeghi, 

Mohsen Vakili, et al. 2021)[92] 

 The results of the current study are agreed with others studies reported 

that β-thalassemia major patients had higher levels of serum NGAL compared 

to control (Zainab Fathi, et al. 2021; Maria Domenica Cappellini MD,et al. 

2017). The principal finding of the current study is that patients with β-

thalassemia major had considerably elevated levels of serum NGAL compared 
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to control independent of age and sex which is in agreement with another study 

by (Karaman K, Şahin S, Geylan H, et al. 2019) alrevealed that BTM patients 

receiving deferasirox and regular blood transfusions had considerably greater 

levels of NGAL[119]. 

3.2.2. Beta2-microglobulin (β2M) 

 Assessment of β2-microglobulin in Thalassemia patient is showed that the 

Mean ± SD for patient was (7.1 ±1.6) mg/ml and for healthy control was (1.4 ± 

0.95) mg/ml respectively. The results revealed that there was a significant 

difference in the level of β2M between patients and their control group 

(P<0.05), the means, standard deviation, and statistical parameters are listed in 

the Table (3.2) and in Figure (3-2).  

Table: 3.3- Comparison of β2M level in patients and control groups. 

 group N Mean ± SD P-value 

β2-

microglobulin

mg/ml 

patients 45 7.1 ±1.6  

0.001 control 45 1.4 ± 0.95 

 

 

Figure (3-4) Comparison of B2-microglobulin level in patients and control groups 
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 Low-molecular-weight protein known as urinary β2 microglobulin is 

freely filtered by glomeruli, reabsorbed by renal tubules, and subsequently 

excreted. Is considered to be a more accurate endogenous indicator of early 

glomerular filtration rate (GFR). A sensitive early biomarker for glomerular and 

tubular failure in BTM is β2MG[141]. 

 According to our study and other studies, the damage's exact cause is 

unknown, although it may be related to an increase in oxidative stress brought 

on by the buildup of iron in the tissues[142]. In the present study thalassemic 

patients showed higher levels of β2-microglobulin than control groups. The 

underlying mechanisms for tubulopathy in patients with β-TM include long-

standing anemia, chronic hypoxia, and iron overload and DFO, this is in 

agreement with Hamed and ElMelegy,(2010) [143].  

 The current study revealed that there was significant difference in urine 

β2M between patient groups and the healthy group the results are agreed with 

others studies according to Kacar et al.[144] β2M as well as serum ferritin and 

liver iron deposition were found to be significantly positively correlated, this 

results  agreement with study by Uzun et al[145]. 

3.2.3. Cystatin-C (CYT-C):-  

 Assessment of CYT-C in β-Thalassemia major patient is showed that the 

Mean ± SD for patient was (1091.8 ± 485.79) ng/mL and for healthy control 

was (360.7 ± 53.88) ng/mL respectively.  The findings demonstrated a 

significant difference in Cystatin-C levels between patients and their control 

group (P< 0.05), as shown in the Table (3.3) and in Figure (3-3).  
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Table: 3.4- Comparison of CYT-C level in patients and control groups. 

Group group N Mean ± SD p-value 

Cystatin-C 

ng/ml 

patients 45 1091.8 ±485.79  

0.003 control 45 360.7 ± 53.88 

 

 

Figure (3-5) Comparison of Cystatin-C level in patients and control groups. 

 The result show in Table (3.3) is comparison of the level of CYT-C in 

serum between the patient group and the healthy control group that revealed a 

high significant increase in the patient group (p < 0.05). Increased CYT-C level 

in the serum indicate the presence of an injury to the renal tubes[127].  

 The current study revealed that little variations in cystatin C levels after 

deferasirox therapy did reflect kidney damage which is in agreement with 

another study by Papassotiriou et al. (2010) [146]. As well, elevated Cys-C 

levels were found to be related with take DFX doses in our study, Besides 

among patients with hyperfiltration. That’s why elevated Cys-C levels should 

be thought as an early sign of renal injury in βTM patients, On the other hand, it 
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is known that most commonly used oral chelator, DFX, has nephrotoxic side 

effects causes increase Cystatin-C parameter this agree with study by Gokce, 

MKup, HTugcu, et al[147].  

Several findings in our study are Increased CYT-C level in β-thalassemia major 

patient comparison with healthy group also agree in line with our study 

regarding β-thalassemia major (Behairy et al. 2017b; Mohammed Abdulrazzaq 

2020). Our study Compared to serum creatinine, cystatin C is expected to be a 

more potent and reliable endogenous biomarker for GFR. Interestingly, a study 

by Badeli et al. (2019) [146].  

3.2.4. Serum Creatinine and Blood Urea.  

 The results revealed that the level of serum Creatinine and Urea is within 

the normal limit, the Mean± SD for B.Urea mg/dl in β-TM and control groups 

are(30.4 ± 8.97) ( 19.2 ± 7.47) respectively. As well the Mean± SD for 

Creatinine mg/dl in β-TM and control groups are (0.45 ± 0.10) (0.60 ± 0.23) 

respectively are listed in Figure (3.4). 

 

Figure: 3.6- Comparison of S-Cr, Urea level in patients and control groups. 
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        Although the level of urea and creatinine is within the normal limit, there is 

difference between the patients and the control group, and this is similar to the 

study conducted by Dr.Zeina A.Althanoon. et al .2020, Reem K Dwaik BSc. et 

al. 2022.[148].                     

 The current study is agree with recent studies are shown that to control 

renal function in deferasirox users, the levels of serum urea, creatinine are 

measured. However, Serum creatinine and serum urea levels do not accurately 

determine the primary renal injury stages[149] . The fact that serum creatinine 

and urea are affected by several factors such as ; muscle mass, protein intake, 

inflammatory disease and liver disorder this agree with study by A. Nickavar, A. 

Qmarsi, S. Ansari, and E. Zarei,2017 [150]. 

 Our study shown that serum Creatinine and serum urea were non-

significantly and their levels are within the normal range in the β-TM group and 

the control group. Consistent with study by Karaman, Kamuran Şahin, Serdar 

Geylan, et al.[151].  

 3.2.5. Serum Ferritin  

 Assessment of Ferritin in Thalassemia patient is showed that the Mean ± 

SD for patient was (3701±1974) Ng/ml and for healthy control was (135 ± 88) 

Ng/ml respectively. The findings demonstrated a significant difference in 

Ferritin levels between patients and their control group (P< 0.01), as shown in 

the Table (3.5) and Figure (3-5). 
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Table: 3.6- Comparison of Ferritin level in patients and control groups. 

 

 S.Ferritin levels provide another option for prognostic factors to predict a 

range of clinical outcomes in patients with β-thalassemia[152]. Evaluated 

frequency, pattern, and associations of renal iron accumulation in β-thalassemia 

major. β-thalassemia major patients had a significantly high frequency of renal 

Iron overload[153]. 

 The current study revealed that because of frequent blood transfusion, 

iron deposition occurs in visceral organs such as the heart, liver, endocrine 

glands, kidney, etc., causing tissue damage and ultimately, organ dysfunction or 

failure. Although chelating therapy considerably improves the survival in 

patients with chronic transfusion, multi-organ failure secondary to 

hemosiderosis is still common[154]. 

 On the other hand, serum ferritin measurement is still a repeatable and 

low-cost method to roughly assess both iron overload and the effectiveness of 

iron chelation therapy[155]. 

 Serum ferritin levels may be used as a prognostic marker for predicting 

renal recovery in renal impairment patients[156].  This result similar to study 

was done by (Musallam et al. 2014).( Mohamed R. El-Shanshory. et al. 

2021)[157]. 

 

 Group N Mean ± SD p-value 

Ferritin 

Ng/ml 

Patients 45 3701 ±1974  

0.001 Control 45 135 ± 88 
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3.2.6. Complete Blood Study  

       Assessment of HB, PCV, WBC, Platelet in β-thalassemia major patient is 

showed that the Mean ± SD for patient and for healthy control as shown in the 

Table (3.6).The findings demonstrated a significant difference in HB, PCV, 

WBC, levels between patients and their control group (P ≤0.05) and The 

findings demonstrated no significant difference in Platelet between βTM 

patients and their control group that the Mean ± SD for patient and for healthy 

control (359.8 ± 131.4) (289.8 ± 71.7) 10/UL respectively. 

Table: 3.7- Comparison of HB, PCV and WBC level in patients with βTM and control 

groups. 

 

         Complete blood count (CBC) is a quick, inexpensive, and easily 

accessible test which is used as the primary test for the diagnosis of anemia. To 

date, numerous red blood cell (RBC) indices have been investigated and various 

parameters have been proposed for each index.[158]            

       All parameters (HB, PCV, WBC) we analyzed were lower in the βTM 

group compared to the control group, in agreement with the results of Batebi et 

 Group N Mean ± SD p. value 

HB 

g/dL 

Patients 45 8.7 ± 1.1  

0.001 
Control 45 12.6 ± 0.96 

PCV 

% 

Patients 45 27.7 ± 4.2  

0.001 
Control 45 39.4 ± 3.0 

WBC 

10/UL 

Patients 45 12.6 ± 5.3  

0.03 

 
Control 45 7.57 ± 2.1 
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al. The result will be completely different when the comparison is done between 

βTM group and  control group [159]. 

3.2.7. GOT and GPT Testes 

       The results revealed that the level of serum GOT and GPT is within the 

normal limit, the Mean± SD for GOT U/L in β-TM and control groups are(36.2 

± 11.2) (14.178 ± 9.0) respectively. As well the Mean± SD for GPT U/L in β-

TM and control groups are (33.7 ± 24.8) (18.6 ± 8.32) respectively. 

Table: 3.8- Comparison of GOT, GPT level in patients and control groups. 

 group N Mean ± SD 

GOT 

U/L 

Patients 45 36.2 ± 11.2 

Control 45 14.178 ± 9.0 

GPT 

U/L 

Patients 45 33.7 ± 24.8 

Control 45 18.6 ± 8.32 

  

      The patients with β-thalassemia major need periodic blood transfusions that 

can result in accumulation of body iron, so treatment with iron chelating agent 

is required. Complications of this iron overload affecting many vital organs, 

including the liver[160]. 

           Hepatic iron overload leads to different degrees of liver fibrosis, the 

severity of which is closely correlated with the severity of liver iron 

overload.The pattern of iron deposition seen in the initial stages of thalassemia 

major is preferentially sinusoidal with a more or less diffuse distribution within 

the acinus. Hepatic dysfunction was mild in patients with BTM who were 

seronegative for hepatitis[161]. 
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          Our results show that the results are within normal, and there is a 

possibility that the liver will be affected after a while and it needs follow-up in 

thalassemic patients. So the proper use of chelating agents in thalassemic 

patients seems to be of great importance in delaying progression of the liver 

disease.[162] Iron chelation therapy (with each of the three available chelators) 

seems to restore iron balance and reduce the risk of mortality. Several studies 

are needed to better understand all the possible consequences of iron overload 

(e.g., in maintaining chronic infections or in accelerating tumorigenesis) and 

how chelators can reverse tissue damage[163]. 

3.3. Correlation between parameter 

    The correlation coefficient is a statistical measure of the strength of a linear 

relationship between two variables. Its values can range from -1 to 1. A 

correlation coefficient of -1 describes a perfect negative, or inverse, correlation, 

with values in one series rising as those in the other decline, and vice versa. 

Coefficient of 1 show a perfect positive correlation, or a direct relationship. A 

correlation coefficient of 0 means there is no linear relationship[164].  

Table 3.9-Correlation between, CYS-C, NGAL, B2M and ferritin in BTM and control 

Correlations 

 S.ferritin B.Urea Createnine NGAL Cystatin-

C 

B2-

microglobulin 

S.ferritin Pearson 

Correlation 

1 .220* -0.101 .269* 0.274 0.25* 

Sig. (2-

tailed) 

 0.037 0.344 0.010 0.069 0.054 

N 90 90 90 90 90 90 

B.Urea Pearson 

Correlation 

.220* 1 .218* .476** 0.132 .274** 

Sig. (2-

tailed) 

0.037  0.039  0.000 0.215 0.009 

N 90 90 90 90 90 90 
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Createnine Pearson 

Correlation 

-0.101 .218* 1 -.358 -0.156 -0.122 

Sig. (2-

tailed) 

0.344 0.039  0.001 0.142 0.252 

N 90 90 90 90 90 90 

NGAL Pearson 

Correlation 

.269* .476** -.358 1 .425** .341** 

Sig. (2-

tailed) 

0.010 0.000 0.001  0.000 0.001 

N 90 90 90 90 90 90 

Cystatin-C Pearson 

Correlation 

-0.010 0.132 -0.156 .425** 1 .271** 

Sig. (2-

tailed) 

0.928 0.215 0.142 0.000  0.010 

N 90 90 90 90 90 90 

B2-

microglobulin 

Pearson 

Correlation 

0.25 .274** -0.122 .341** .271** 1 

Sig. (2-

tailed) 

0.054 0.009 0.252 0.001 0.010  

N 90 90 90 90 90 90 

 

3.3.1. Correlation between Ferritin and other parameter 
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Figure 3.7Correlation between Ferritin and other parameter 

        The present study showed no significant correlation between ferritin and 

(Cr, Cystatin-C) in BTM patients (P>0.05) .otherwise in our study, there was a 

significant positive correlation between ferritin and NGAL (P≤0.01) (r=0.26), 

and between ferritin and B.Urea where (P≤0.05) (r=0.22), ferritin and B2-

microglobulin (P≤0.05) (r = 0.25). The information exposed in Table (3-9) and 

Figure (3-7). This confirms that there is a strong correlation between Ferritin 

and B.Urea and NGAL this may be related to renal dysfunction in β-thalassemia 

major patients. These results confirm that there is risk of glomerular and tubular 

dysfunction may increase with iron buildup in the body. The finding of current 

study is decided with a previos study of Pradana Zaky Romadhon, Ami 

Ashariati, et al.(2022)[65].  

3.3.2. Correlation between NGAL and other parameter 
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Figure 3.8 Correlation between NGAL and other parameter 

       The result of the current study showed significant correlation between 

NGAL and traditional parameters ferritin and B.Urea (p<0.05)(r=0.26),(p<0.01) 

(r=0.47) respectively for diagnosis renal impairment in  βTM and NGAL with 

new parameters Cystatin-C, B2-microglobulin (p<0.01)(r=0.42)(r=0.34) 

respectively showed in a Table (3-9 ) and Figure (3-8 ). This confirms that there 

is a strong correlation between NGAL and all other parameters this is related to 

renal dysfunction in β-thalassemia major patients. It is possible that the increase 

in the renal dysfunction markers with increasing NGAL with other parameters. 

After   ischemic   or   nephrotoxic injury, intra renal NGAL is upregulated and 

increase the finding of current is agree with of Hashemieh, Mozhgan,(2020)[3]. 

3.3.3. Correlation between Cystatin-C and other parameter 
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Figure 3.9 Correlation between Cystatin-C and other parameter 

       The recent study showed significant negative correlation between Cystatin-

C and Ferritin, B.Urea and Cr (p>0.001) within βTM patients, as shown in table 

(3-9). Moreover, in our study, there was a significant positive correlation 

between Cystatin-C and (NGAL and β2-microglobulin) (p≤0.001) (r=0.42) 

(r=0.27) respectively as publicized in Figure (3-9). From this we conclude that a 

strong and direct relationship between Cystatin-C and NGAL and β2MG in 

Renal impairment in β-thalassemia major patients. An increase in Cystatin-C, 

NGAL and β2MG is evidence of tubular dysfunction that may be a consequence 

of chronic anemia, hypoxia or nephrotoxicity[165]. 

3.3.4. Correlation between B2-microglobulin and other parameter 
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Figure 3.10 Correlation between B2-microglobulin and other parameter 

      The current study showed no significant negative correlation between B2-

microglobulin with B.Urea and Cr (p>0.001) within βTM patients. Otherwise in 

our study showed a significant positive correlation between β2-microglobulin 

and other biomarker (NGAL, ferritin, and Cystatin-C) (p<0.001) Details are 

exposed in Table (3-9) and Figure (3-10). This confirms that there is a strong 

correlation between β2-microglobulin and (NGAL, Cystatin-C and ferritin) in 

renal dysfunction in β-thalassemia major patients. From these result we can 

explain the relationship between β2-microglobulin with (NGAL, Cystatin-C and 

ferritin) associated with renal impairment in β-thalassemia major patients. Our 

findings are similar to findings of Jalaly et al. are demonstrated that there is a 

positive relation between renal dysfunction in thalassemia major patients with 

increasing of B2-MG with other parameter lead to glomerular and tubular 

dysfunction[166]. 

3.4. ROC curve of biochemical parameters 

     The receiver operating characteristic curve (ROC curve) was used to 

evaluate the diagnostic values of parameters in discrimination between beta 

thalassemia major patients and controls. 
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3.4.1. ROC Curve of Neutrophil Gelatinase Associated Lipocalin (NGAL)   

 ROC curve for the sensitivity and specificity of NGAL (Pg/mL) for 

diagnosis of renal dysfunction in beta thalassemia major, (Cut-off point was ≥ 

296 (Pg/ml)) , AUC=0.99, P ≤ 0.006, 95% CI (651.8-770.2), the sensitivity and 

the specificity was 97.1 %, 89.9 % respectively, as shown in Figure (3.11)  

 

Figure (3.11) ROC Curve of (NGAL) 

3.4.2. ROC Curve of Beta2-microglobulin (B2M).  

 ROC curve for the sensitivity and specificity of B2M (mg/L) for diagnosis 

of renal dysfunction in beta thalassemia major , (Cut-off point was ≥ 3.8 (mg/l)) 

, AUC=0.96, P ≤ 0.001, 95% CI (6.62-7.58), the sensitivity and the specificity 

was 95.6 %, 91.2 % respectively, as shown in Figure (3-12) . 
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Figure (3.12) ROC Curve of Beta2-microglobulin (B2M) 

3.4.3. ROC Curve of Cystatin-C   

 ROC curve for the sensitivity and specificity of Cystatin-C (ng/mL) for 

diagnosis of renal dysfunction in beta thalassemia major, (Cut-off point was ≥ 

506.2 (mg/l)), AUC=0.91, P ≤ 0.002, 95% CI (946.2-1235.08), the sensitivity 

and the specificity was 95.6 %, 84.4 % respectively, as shown in Figure (3-13)  

Figure (3.13) ROC Curve of Cystatin-C 
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Conclusion 

 From result of this study it could conclude the following points:- 

1-All parameters included in this study are significantly higher in β-thalassemia 

major patients than in healthy subjects. And this indicate renal impairment.  

2-Renal hemosiderosis and asymptomatic renal dysfunction are prevalent 

among β-thalassemia major patients with repeated blood transfusion, which  

renal dysfunction testes are not found in routine renal investigations.  

3-The NGAL is the most sensitive, specific, and highly predictive early 

indicators for acute renal injury in individuals with βTM when subclinical 

kidney damage or dysfunction is expected before serum creatinine increases and 

It is followed in importance for acute renal injury in individuals with βTM by 

the Cystatin-C parameter.  

 

  

 

 

 

 

 

 

 

 



Recommendations 

74 
 

Recommendations 

 A future study is to be done on larger sample size to give results that are more 

accurate.  

 Other early markers of renal dysfunction such as GFR, N-acetyl-beta-

Glucosaminidase (NAG) and Kidney injury molecule-1(KIM1) are needed to be 

measured.  

 Assessment of oxidative stress such as nitric oxide and carbon tetrachloride 

caused by iron deposition.  

 Evaluation of NGAL in other types of  Hemoglobinopathies. 
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-الملخص:  

 عدم أو قلة بببس يحدث. العالم في انتشارًا الوراثي الهيموغلوبين اعتلال أنواع أكثر هي بيتا ثلاسيميا

البالغ الهيموغلوبين من جزءًا تكون ما عادة والتي ، غلوبين بيتا سلسلة إنتاج  إنتاج (HbA2, α2β2)وهو 

وهوغلوبين  بيتا سلسلة  ،ير فعاله غ التعويضية الحمر الكريات عملية تكوين الجيني الشذوذ هذا عن ينتج 

 مع يمياالثلاس متلازمة تترافق ما وغالباً ، الحمراء الدم كريات تحلل وانتاج وتسارع الحاد، الدم وفقر

 يتاب مرضى حياة تعتمد. لعلاجه المستخدمة والعلاجات المرض من الناتجة المشاكل من واسعة مجموعة

. الرئيسية مأعضائه في هيموسيديريات داء إلى المنتظم الدم نقل يؤدي. الدم نقل على الكبرى ثلاسيميا

 يمكن والتي ، والتنبؤية والإنذارية التشخيصية الحيوية المؤشرات تحديد هو الدراسة هذه من الهدف

 رضالم مسار من مبكر وقت في الثلاسيميا مرضى لدى الكلى وظائف تدهور لتشخيص استخدامها

 تحديد لخلا من المريض والتحمل العلاج فعالية ومراقبة التنبؤ وتحسين ، عالية ونوعية بحساسية

                                                                                                  الجديدة الحيوية المؤشرات

 من يعانون الذين الرئيسيين بيتا الثلاسيميا مرضى في الكلوية المضاعفات لدراسة تم تصميم هذه الدراسة 

خص قسموا على ش 01على تم اجراء اختبار  الهدف هذا لتحقيق. المتكررة الدم نقل عمليات

المجموعه و ، الكبرى بيتا بالثلاسيميا مصابين مريضا 54ضمت المجموعه الأولى على،مجموعتين

 .السيطرة كمجموعةضاهريا  الاصحاء من الافراد 54 الثانية 

 كانون الى 6160 الثاني تشرين من الوراثية الدم لاضطرابات الكرامة مركز من العينات جميع جمعت

 . في بغداد للبحوث الدولي بغداد مركز مختبر في الدراسة هذه وأجريت 6166 الثاني

 في اليوريا ، الدم في الكرياتينين قياس تم ، الحيوية الكيميائية التحاليل لقياس المصل عينات استخدام تم

 من سي-السيستاتين،و (NGAL) بالجيلاتيناز المرتبط الليبوكالين ,GOT,GPT,CBCالفرتين,الدم،

 الحيوية المؤشرات كانت النتائج. من عينات الادرار ميكروغلوبولين -6بيتا، ذلك على علاوة. الدم عينات

S. NGAL و Cystatin-C المجموعة في الموجودة تلك من بكثير أعلى المرضى مجموعة في 

 مقارنة المرضى مجموعات في B2-microglobulin كذالك (P <0. 003) ، (P <0.001) الضابطة

 في الموجودة تلك من بكثير أعلى المرضى مجموعة في الفرتين تحليل .  اعلى التحكم بمجموعة

 في الموجودة تلك من أقل المرضى مجموعة في CBC وكان ،( P <0.001) الضابطة المجموعة

 بينت الدراسة هذه نتائج(P <0.001).  الطبيعي النطاق ضمن GPT و GOT و الضابطة المجموعة
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 الدم وفقر للحديد الزائد بالحمل مرتبطة بيتا الثلاسيميا مرضى لدى والأنبوبي الكبيبي الوظيفي الخلل

 وزيادة كلوي تلف هناك كان ،( DFO) وديفيروكسامين ديفيراسيروكس تناول بعد أنه إلى وتشير المزمن

 يجب أنه يبدو ، لذلك. ديفيروكسامين إعطاء بعد طفيف كلوي ضعف لوحظ ، أيضا. الالتهاب عوامل في

 بين معنوية موجبة ارتباط علاقة الدراسة هذه في. بعناية العقارين هذين يتناولون الذين المرضى مراقبة

 بين إحصائية دلالة ذات موجبة ارتباطية علاقة توجد مايكروكلوبيولين-6وبيتاNGAL  ,و الفيريتين

  S.Cr .و CYS-C و B2-MG و NGAL بين موجبة ارتباط علاقة. واليوريا الفيريتين مستوى

 مرضى بين منتشر أعراض بدون كلوي وظيفي واختلال الكلية ترسب الحديد في داء هو ان الاستنتاج

 الروتينية الفحوصات في توجد لا والتي ، المتكررة الدم نقل عمليات من يعانون الذين العضمى الثلاسيميا

 .والأنبوبي الكبيبي للخلل مبكرة بعلامات منتظمًا فحصًا تتطلب والتي ، للكلى
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