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ABSTRACT 
Background: The thalassemia family of genetic disorders is characterized by an abnormal synthesis of the 

hemoglobin chain, resulting in chronic anemia in some people and clinically asymptomatic in others. There have 
been very few studies conducted on the effects of thalassemia on the kidneys, which typically included patients 
treated with deferoxamine having both glomerular and tubular dysfunction. 
Objective: This research aimed to determine whether kidney dysfunction is observed in young thalassemic 

individuals manipulating both conventional and primitive markers of kidney dysfunction, and to associate the 
results to the use of iron chelation therapy. 
Methods: We measured serum cystatin C (Cys C), tubular phosphorus reabsorption (TPRA), fractional sodium 

excretion (FNE), and 2-microglobulin, urine calcium, protein, and glucose levels in addition to the usual renal 
biochemistry. 
Results: A whole of 42 individuals, ranging in age from 4 to 23, were included  in this study and were split into 

two groups for study (group A taking deferoxamine alone, and group B taking deferiprone coupled with 
deferoxamine). An increased Cys C level (36%) and proteinuria (24%) were seen in a large percentage of 
patients, as were tubulopathy with hypercalciuria (35.5 %) and point out 2-MG excretion (33.5 %). 
Conclusion: Patients with -thalassemia seem to suffer from renal dysfunction even when they are young, so it is 

important to monitor early signs of renal dysfunction. There is a need for further research into the effect of novel 
chelators on parameters tubular function. 
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INTRODUCTION 
The genetic condition known as Thalassemia major results 
from a genetic defect in the production of chain of 
hemoglobin. This leads to a chronic state of anemia. 
Among a wide variety of genetic defects in hemoglobin 
synthesis, it is the most severe form, where life must be 
maintained by regular blood transfusions (1).Despite the 
prolonged life spans associated with transfusion therapy, a 
lack of the procedure may result in unequal accumulation 
of iron in various organs, since there is no physiological 
excretion mechanism for iron. Patients with untreated iron 
deposition die during their second decade of life, as it 
primarily affects the heart, liver, and endocrine glands (2, 
3).Consequently, lifelong chemotherapy is an important 
aspect of -thalassemia patients' treatment, as it extends 
their lives and considerably increases their quality of 
life. The deferroxamine (DFO) has been widely used for 
almost four decades as a parenteral iron chelator, with both 
an established benefit profile and a clear set of 
limitations(4, 5). In recent years, two orally active chelators, 
deferasirox (DFRA), and deferiprone have been extensively 
used as effective alternatives to intravenous chelation 
treatments(4, 6, 7) . It is important to note that although 
there has been a lot of research on the complications of 
thalassemia, there has been little data on how it affects the 
kidneys(8). In the limited reports that have been made on 

the subject of renal dysfunction among patients with 
thalassemia, most of them referred to patients receiving 
dialysis(9-11).Additionally, they did not assess any of the 
rather recent biomarkers of kidney function, i.e., as urinary 
2 -micro-globulin or serum cystatin C. In this study, 
common and advanced biomarkers will be used along with 
possible correlation with iron chelation therapy in 
individuals with thalassemia major to screen for glomerular 
and tubular dysfunction. 
 

METHODS AND MATERIALS 
Study participants comprised of included forty-two 
individuals (22 males and 20 females). The patients were 
also regularly chelated in addition to receiving regular 
transfusions. Various demographic characteristics were 
collected from all the patients, including age, gender, 
transfusion duration, number of transfusions, and iron 
chelation regimen. All the 42 participants age ranged from 
four to twenty-three years.We measured anaverage 
hemoglobin value of 9.3 g/dl and a average ferritin values 
of 1,401 ng/ml. A total of 28 patients (group A) received 
DFRA, while 14 patients (group B) received a combination 
of deferiprone and DFO for their iron chelation 
treatments. The dose of DFRA was 15–35 mg/kg/day 
orally, and the dose for combination therapy was 11–48 
mg/kg/day subcutaneously, 5 times per week, and 60–80 
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mg/kg/day orally. The control group consisted of 15 healthy 
children of the same age group.In addition to the 
hematological and biochemical tests, blood was collected 
for the following metabolic tests: calcium, Creatinine, 
hemoglobin, potassium, phosphate, parathyroidhormone, 
sodium, magnesium, acid-base balance, urea, and whole 
bicarbonate levels. The following blood components were 
determined from 24-hour urine samples: sodium, albumin, 
Cr, potassium, calcium, and phosphorus. Serum cystatin C 
(Cys C) and urinary 2-MG, all are primitivebiomarkers of 
renal and tubular dysfunction, were measured in addition to 
conventional renal biochemistry. Rate nephelometry was 
used to examine serum Cys C. Urine 2-MG levels were 
measured using rate nephelometry. Thirty-four out of 42 
patients underwent a renal ultrasound. Formulas were used 
to calculate sodium and calcium fractional excretion, as 
well as tubular reabsorption. In order to conduct the 
statistical analysis, SPSS Version 25 was used. We 
defined significant results as those with a p value less than 
0.05 depending on the data. 
 

RESULTS 
In comparison with controls, all patients had normal blood 
biochemistry and metabolism p>0.05. There were the 
following parameters: total bicarbonates, urea, sodium, 
calcium, phosphate, magnesium, acid-base balance, serum 

Cr, and potassium and total proteins. The serum Cr, CrC, 
and eGFR did not differ significantly from the control 
groups. CrC, eGFR, and serum Cr were respectively 137 
+/- 25.67, 128 +/- 17.45 ml/min/1.73 m2 and 0.7 +/- 0.16 
mg/dl.There was only one patient with a reduced eGFR of 
74 ml/min/1.73 m2. A significant difference in serum values 
of Cys C was found in the participants cohort competed to 
the control cohort (0.89 +/- 0.21 and 0.67 +/- 0.2862 mg/l, 
continuously, p = 0.001). Particularly, 15/42, or 36%, of the 
patients had abnormally high Cys C levels in their serum. 
When compared with children with normal levels of Cys C, 
children with elevated levels exhibited high 2 -MG values (p 
= 0.017). In 2-microglubulin levels of urine, Cys C 
correlation was significant (r = 0.325, p = 0.032). Cys C 
levels, however, were not associated with age, ferritin, 
eGFR,iron chelation therapy,  proteinuria,CrC, and urine 
Ca+2values (p 0.05). Table 1 compares average value of 
urine and blood variables between the two study groups 
regarding iron chelation therapy. Comparing erythrocyte 
volume transfusions between groups A and B (p = 0.948). 
In comparison with patients in group B, participants in 
group A were younger (p = 0.007). Moreover, patients in 
group A had elevated blood ferritin values (p = 0.033), 
elevated urinary Ca+2 (p = 0.045 and p = 0.001, 
continuesly), lowered FE sodiumvalues (p = 0.04) and 
lowered serum Cr values (p = 0.011).  

 
Table 01: Shows association between thalassemia, and iron chelator and associated biomarkers 

Parameters DFRA (Group A) Deferiprone DFO (Group B) Control P1 P2 P3 

Age 6.75 12.10 12.66 0.007 0.006 NS 

Hemoglobin 9.4 9.2 13.2 NS 0.0001 0.0001 

Transfusion 16.3 17.6 - NS - - 

Serum Creatinine 0.6 0.8 0.7 0.011 0.045 NS 

Serum Ferritin 1519 1147 38.5 0.03 0.0001 0.0001 

Serum Urea 35 34 37 NS NS NS 

Urine Phosphate 95 96 96 NS NS NS 

FE Sodium 0.7 1.411.21 1.21 0.04 0.03 NS 

Cystatin C 0.92 0.84 0.67 NS 0.0001 0.001 

Urine Protein 250 210 79 NS 0.007 0.011 

2-MG 5 0.25 0.2 0.001 0.0001 0.009 

eGFR 127 122 131 139 NS NS 

Urine Calcium 6 4 1.8 0.045 0.0001 0.0001 

Creatinine Clearance 135 131 139 NS NS NS 

 

 
Figure. 01: Shows frequencies of different iron Chelators 
 

DISCUSSION  
Unlike other organs affected by the disease, the 
kidneyengrossment of thalassemia affected individuals was 
less elaborated than other complications like heart disease 

or endocrine disorders. Furthermore, the reports were 
based on patients undergoing DFO and used markers that 
do not indicate renal changes at an early stage(7, 12). 
There have been several studies showing the existence of 
renal dysfunction in thalassemic individuals, caused by 
chronic anemia. In thalassemic patients, proximal tubular 
dysfunction has been demonstrated to be due to persistent 
anemia, iron strain, and/or excessive DFO 
consumption(13).Current study comprised of forty-two 
younger thalassemia major affected individuals, who 
received chelation therapy at conventional dosage as well 
as regular blood transfusions. Additionally, to the usual 
kidney indexes, such as cystatin clearance and 2-
microglobulin, earlier markers were also evaluated(14, 15). 
There was impaired glomerular and tubular renal function 
in the study.Further, the results indicate that the patient had 
impaired renal function due to high Cys C levels (36 
percent), momentous tubulopathy due to hypercalciuria 
(35.5 percent), and urinary defecation of 2 - MGs (33.5 
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percent), along with glomerular dysfunction due to 
proteinuria (24 percent). Ferritin, although higher than 
1,000 ng/ml in more than half of the study subjects 
(54.5%), was not an independent predictor of either 
glomerular dysfunction or tubular dysfunction(16, 17). 
Although ferritin levels may not adequately reflect 
hemosiderosis, and iron chelation may not be sufficient to 
remove deposited iron in renal tubules, it is well understood 
that these factors cannot be determined. A standard 
measurement of electrolytes, urea, and Cr was found to be 
normal in all the participants in the present study [12]. In 
contrast to controls, CrC and eGFR were not significantly 
different (p 1 0.05). In the study by Koren et al. [11], 40% of 
patients with thalassemia major suffered a significant 
decline in GFR after receiving DFO subcutaneously and 
another 40% experienced a mild decrease. It has been 
shown, however, that DFO nephrotoxicity is dose 
dependent(18).  
 Among the patients in this study, only one had a 
reduced glomerular filtration rate of 74 ml/min/1.73 m2. In 
addition to conventional DFO dosage, the participants have 
a lower ferritin value (458 ng/ml). As serum Cr is influenced 
by factors that are irrelevant to kidney function, i.e., 
ingestion of protein,hepatitis, inflammatory illnesses 
andmuscle mass, it is considered a poor indicator of kidney 
function changes(19, 20).In addition, Creatinine is partly 
secreted by renal tubules and is a frequent overestimation 
of GFR. In order to screen out kidney function abnormality 
at an initial stage an broadinvestigation is being steered for 
a serum marker that can reveal it. Studies have shown that 
serum Cys C is superior to serum Cr in evaluating GFR, 
especially when GFR is reduced slightly. In all nucleated 
cells, Cys C is a proteinase inhibitor that is age-
independent and gender intolerant.  
 There has been controversy over DFO's role, while 
the potential benefits of chelating agents remain to be 
seen. Even though patients on DFRA were younger, they 
presented with higher levels of 2 MG and hypercalciuria 
than those on combination therapy. Due to their high ferritin 
levels, it is difficult to determine whether the chelator had a 
direct impact on tubular dysfunction or whether iron 
overload was the culprit. Even though DFO was 
administered in much minor doses and in a subcutaneous 
manner associated to previous results where it was 
administered intravenously as monotherapy, an increased 
level of FE Na can also be attributed to DFO 
treatment.After discontinuing the drug, it has been reported 
that the effect reverses. In this study, serum Cys C and 
urine 2-MG were found to be markers of early kidney 
damage (tubular and glomerular, respectively), while 
calciuria and proteinuria demonstrated both acute and 
chronic damage. A chronic anemia and iron overload are 
believed to contribute to proteinuria and microalbuminuria, 
according to the literature. 
 

CONCLUSION 
Thalassemia patients exhibit renal disorders even when 
they are young. This patient cohort should be monitored for 
early markers because kidney failure may not screened out 
by routine tests. A further investigation of new chelators is 
needed to determine their effects on tubular function 
parameters such as urinary Ca+2 and 2-MG excretion. 
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