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Abstract 
Background: Thalassemia is one of the prevalent hemoglobinopathies caused by gene mutation leading to 
chronic anemia. Iron overload and direct nephrotoxic effects of chelators are the largely accepted explanations for 
the mechanisms of renal glomerular impairment in BTM. The aim of this study was to early detection of 
glomerular dysfunction in BTM patients receiving iron chelators using novel biomarker. Methods: The study 
included 60 patients with BTM receiving iron chelators: group 1 receiving Deferoxamine (DFO) and group 2 
receiving Deferasirox (DFX). Control group include 30 healthy people where matched age and sex with patients. 
Serum Cystatin C, serum creatinine, blood urea, albumin/creatinine ratio (ACR) in urine was measured in 
patients and controls. Results: There is no statistically significant difference in blood urea levels between patients 
and controls. Patients' and controls' serum creatinine levels are statistically significantly different. Serum Cystatin 
C shows a significant difference between patients and the control group (higher in patients) and is slightly higher 
in the Deferoxamine group than the Deferasirox group. Patients in the study had higher Albumin-Creatinine 
Ratio (ACR) values than controls, which is statistically significant. Conclusions: Serum Cystatin C and 
urinary ACR consider as early markers of glomerular dysfunction. Both Deferasirox and Deferoxamine can 
produce changes in glomerular function markers.  
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INTRODUCTION 

Thalassemia is one of the most prevalent hemoglobinopathies worldwide, caused by gene mutations 
[1]. Blood transfusions are necessary for patients with β-thalassemia major, which is caused by 
mutations in two beta globin genes and leads to chronic anemia [2]. Patients with β-thalassemia had 
a higher survival rate due to blood transfusions and iron chelation treatment. Nonetheless, a number 
of problems, including renal complications, continue to affect many individuals [3]. Renal glomerular 
damage is known to be caused by persistent anemia and hypoxia, iron deposits in the kidney tissue 
and toxicities related to iron chelators [4]. For patients with β-TM, iron chelation therapy is required 
to eliminate excess iron. Iron is eliminated when circulating iron and iron-chelating agents bind 
together [5]. Prompt dose modifications based on weight fluctuations can be achieved with appropriate 
chelation therapy beginning in early childhood [6]. The first chelating medication to receive a license 
is deferoxamine (DFO). After binding to iron in parenchymal liver cells, it enters bile and plasma, 
and then the iron is eliminated from the body [2]. Acute kidney damage caused by high DFO dosages, 
renal glomerular and tubular abnormalities, and local injection responses are typical adverse effects 
of this medication [7]. Deferasirox (DFX), the newest oral iron chelator, is the second medication. 
Deferasirox has the ability to raise hepcidin levels, which causes ferroportin to degrade and then 
decreases the iron in the body [8]. Blood creatinine levels may increase in persons receiving it. After 
beginning large doses of DFX medication, nephrotoxicity may appear rapidly. Increasing the dosage 
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of deferasirox results in a marked increase in proteinuria [8, 9]. The conventional markers for 
glomerular involvement, such as urea and creatinine in thalassemia, have remained unchanged for a 
number of decades. However, in order to identify glomerular dysfunction in these individuals early, 
the additional biomarkers must be developed [10]. The protein known as cysteine proteinase inhibitor 
Cystatin C has a molecular weight of 13 kDa, is secreted by all nucleated cells at a constant rate, is 
easily filtered by the renal glomerulus, undergoes nearly total reabsorption and catabolism in the 
proximal tubule, and is not significantly excreted in the urine in healthy individuals [11]. Unlike 
creatinine, its level is independent of age, gender, and muscle mass, making it the ideal marker for 
early diagnosis of glomerular dysfunction [12]. Another excellent indicator for early albuminuria 
detection is the urinary albumin creatinine ratio (ACR), which may be brought on by modifications 
in the glomerular basement membrane's permeability [13]. The primary cause of proteinuria, which is 
associated with early kidney injury, is a disruption in the kidney filter [14]. Proteinuria is a sign of early 
renal dysfunction [15, 16]. Microalbuminuria is defined as a urine albumin creatinine ratio (UACR) of 
greater than 30 mg/g, whereas macroalbuminuria is defined as a UACR of greater than 300 mg/g 
[17].The aim of the current study is the early diagnosis of glomerular impairment in beta thalassemia 
major patients receiving iron chelator therapy by using novel biomarkers. And to evaluate the effect 
of DFX and DFO on the glomerular function and compare between them. 
 
MATERIALS AND METHODS 
Setting and time 
This study was conducted at Al Hadbaa Specialist Hospital in Nineveh Governorate, Iraq. The study 
period was from October 2024 to February 2025. 
Subjects 
The current study includes 60 patients of both sexes with beta thalassemia major who undergo 
routine blood transfusions and take specialized iron chelators. Their ages range from 7 to 55 years, 
and the median (Q1, Q3) is 17.5 (14.5, 21.0). Based on the type of chelator, the patients were split 
into two groups: group 1 was given DFO, while group 2 was given DFX. Using hematological and 
genetic techniques, the hematologist determined that they had beta thalassemia major. The control 
group includes 30 apparently healthy individuals. The control group was matched for sex and age 
with the patients. The age range of the controls was 7-54 years, and the median (Q1, Q3) was 19.5 
(15.0-33.0). Direct interviews with participants were used to gather the data. The purpose of the 
questionnaire was to collect data from both patients and controls, such as their name, sex, age, height, 
weight, and kind of iron chelator, etc. 
Sample collection 
About 5 ml of venous blood was collected from the controls and patients, placing 2 ml in an EDTA 
tube and 3 ml into a gel tube and allowing it to clot. The serum after centrifugation is transferred 
into Eppendrof tubes and stored until the time of analysis. Also, about a 10 ml urine sample was 
collected and, after centrifugation, examined under the microscope for hematuria. 
Measured parameters  
Estimation of pretransfusion hemoglobin (Hb) level by Automated Hematological Analyser (Erma 
Inc.). measurement of serum Cystatin C by ELISA technique (BT LAB kit 202411019 Lot), blood 
urea (302003 Lot), serum creatinine (307708 Lot) by Dry Chemistry Analyzer Fujifilm. measuring 
the creatinine by spectrophotometer (Biolabo kit 012301B2 Lot) and albumin by Cobas c 311 (ALB2 
kit 81773401 Lot) in urine for calculating the urinary ACR. 
Data analysis 
The programming language R v4.4.2 was used for all studies. To check for a normal distribution, the 
Q-Q plots and Shapiro-Wilk tests were employed. Due to the lack of a normal distribution, 
continuous variables were displayed as medians with interquartile ranges (IQR), while categorical 
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variables were displayed as numbers. Pearson's chi-squared test was used for categorical variables and 
Mann-Whitney U tests (Wilcoxon rank sum test) for continuous variables to look for differences 
between unpaired groups (patients and controls). In order to determine the cut-off for biomarkers 
with the highest sensitivity and specificity, Receiver-operator characteristic (ROC) curves were 
computed using Medcalc software. Youden's J statistic was utilized to determine the ideal threshold. 
 
RESULTS 
The study includes 60 BTM patients and 30 controls. The study shows the median (Q1, Q3) among 
participants. The Wilcoxon rank sum test revealed a statistically significant association in body mass 
index, iron chelator therapy DFX (47%), DFO (20%), and hematuria between patients and control 
groups (p value < 0.05). The Wilcoxon rank sum test revealed no significant association in age and 
gender between two groups (p value > 0.05). The normal range considered for blood urea (12.8 - 42.8 
mg/dL), serum creatinine (male = 0.9 - 1.3 mg/dl, female = 0.6 - 1.1 mg/dL), serum Cystatin C (1 - 
1.3 mg/L), and UACR < 30 mg/g. The parameters of a research case (60) that was divided into two 
treatment groups, DFX (n = 42) and DFO (n = 18), and also (30) controls are displayed in Table 1.  

Table 1: The effect of DFX and DFO on renal glomerular function parameters 
2value-P 

Control 

n=30 

Group 2 

DFX 
N=42 

Group 1 

DFO 
=181N 

Parameter 1 versus 
2 

2 versus C 1 versus 
C 

0.165 0.239 0.443 
24.15 

(19.80, 
27.10) 

25.05 
(20.00, 
33.30) 

21.40 
(19.50, 
26.10) 

Blood urea (mg/dl) 

0.248 <0.001 <0.001 
0.75 (0.65, 

0.85) 

0.49 
(0.39, 
0.57) 

0.42 
(0.38, 
0.53) 

Serum creatinine (mg/dl) 

0.279 <0.001 <0.001 
4.67 (2.96, 

6.27) 

111.34 
(51.44, 
147.90) 

66.53 
(26.31, 
150.69) 

UACR mg/g 

0.493 <0.001 <0.001 
0.75 (0.31, 

0.85) 

2.78 
(1.61, 
3.69) 

3.19 
(1.90, 
3.87) 

Serum Cystatin C (mg/l) 

                                                                                                                                               Median (Q1, Q3)1     

Wilcoxon rank sum test  2 
The study displays the interquartile ranges (Q1, Q3) as well as the median values of a number of 
laboratory parameters. There is no statistically significant difference (p value > 0.05) between patients 
and controls according to the Wilcoxon rank sum test for blood urea as shown in Fig. 1. 

  
Fig. 1. Box plot comparing the blood urea among the study group 
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 Between patients and controls, there is a statistically significant difference in serum creatinine levels 
as shown in Fig. 2. The median blood creatinine levels in the DFO group are a little lower than DFX 
(0.42 mg/dl vs. 0.49 mg/dl), and the difference is statistically not significant. 

 
Fig. 2. Box plot comparing serum creatinine among the study group  

 Although there is no statistically significant difference between DFX and DFO, serum Cystatin C 
shows a significant difference between patients and controls (higher in patients) as present in Fig. 3. 
and is slightly higher in the Deferoxamine group than the Deferasirox group. 

 
Fig. 3.  Box plot comparing serum Cystatin among the study group 
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Patients in the study had higher Albumin-Creatinine Ratio (ACR) values than controls, which is 
statistically significant as present in Fig. 4. In our investigation, there were (6) patients with 
macroalbuminuria and (43) with microalbuminuria. The DFO group has a lower ACR than the 
DFX group; however, this difference is not statistically significant. 

 
Fig. 4. Box plot comparing the urinary ACR among the study group 

The Hb level between patients and controls is a statistically significant difference, which is very low 
in patients. A Receiver Operating Characteristic (ROC) curve for serum Cystatin C is displayed in 
Fig. 5. to assess its diagnostic ability to distinguish between sick and non-diseased states. At the 
optimal threshold (>1.39), the sensitivity of 93.9%, specificity of 63.6%, area under the curve (AUC) 
of 0.758, positive predictive values (PPV) of 92, and negative predictive values (NPV) of 70 are all 
displayed by the Cystatin C ROC. 

 
Fig. 5. ROC curve of Serum Cystatin C in patients with BTM. 

 
DISCUSSION 
Serum cystatin-C and UACR, the two early indicators of glomerular function, were not evaluated in 
the majority of reports. The use of particular iron chelators, which may result in nephrotoxicity and 
acute kidney damage (AKI), is one of the main causes of the renal abnormalities seen in BTM. In the 
current study, talk about the glomerular dysfunction, starting with blood urea, which indicates that 
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there is no statistically significant correlation between the patients and controls. The fact that blood 
urea is not a reliable predictor of renal function because it is greatly influenced by the body's nitrogen 
balance and level of hydration may help to explain these findings. Our research differs from that of 
Mohammad G. Shaalan et al., who found that patients receiving deferoxamine had significantly 
higher blood urea levels [4]. When compared to the control group, Zeina A. Althanoon et al. found 
no significant difference in the blood urea levels of the DFO group. In contrast, the DFX group's 
blood urea significantly increases when compared to the control group. Furthermore, a comparison 
of the DFX and DFO groups reveals a notable rise in DFX's blood urea levels, both of which are 
within the normal range [9].Serum creatinine shows a statistically significant association between 
patients and controls, which is lower in patients due to low muscle mass, and the patients may be in 
the early stage of the disease. According to Mohammad G. Shaalan et al., there was no discernible 
difference in serum creatinine levels between the DFO-treated subjects and the control group [4]. 
Additionally, Osama Tanous et al. discovered no discernible difference in blood creatinine levels 
between the DFX and DFO groups, nor between the control and cases (both within normal limits) 
[18]. The serum creatinine is affected by a number of factors, such as muscle mass, and its level does 
not increase until the kidney loses 50% of its function, so that is not a good parameter for early 
detection of glomerular impairment.Patients' serum levels of Cystatin C differ significantly from 
those of the control group (higher in patients). Our results are consistent with those of Pradana Zaky 
R. et al., who found a substantial difference in S. Cystatin C between the control group and the 
chelation therapy-treated subjects [19]. Additionally, Hamidreza Badeli et al. discovered a significant 
difference in S. Cystatin C between the control group and the chelation therapy-treated cases (greater 
in DFO than DFX) [20]. Halima Sadia et al. show that the chelation therapy-treated cases (higher in 
DFX than DFO) and the control group differ significantly in S. Cystatin C [21]. This finding implies 
that if administered in an inappropriate dosage, both DFO and DFX may result in glomerular 
damage and early detection by serum Cystatin C. Patients in the study had higher Albumin-
Creatinine Ratio (ACR) values than controls, which is statistically significant. In our investigation, 
there are (6) patients with macroalbuminuria and (43) with microalbuminuria. Ahmed M. Mahmoud 
and Basma A. Ali found a significant difference in ACR between the control group and the cases 
treated by DFO [22]. When Hamidreza Badeli et al. compared the subjects treated with iron chelators 
with the control group, they found no discernible difference in ACR. However, DFO has a higher 
ACR than DFX [20]. Maha Y. Kamal et al. discovered a noteworthy difference in ACR between the 
control group and the subjects treated with iron chelators. Nevertheless, DFX has a higher ACR than 
DFO [23]. The results indicate both DFX and DFO can produce effects on glomerular function in 
comparable ways as present in Table 1. At the optimal threshold (>1.39), Cystatin C's ROC indicates 
a sensitivity of 93.9%, a specificity of 63.6%, and an AUC of 0.758. It is judged that the diagnostic 
performance is fair to good. At a threshold of 0.74 mg/L, Ola Galal Behairy et al. discovered that the 
ROC curve analysis for cystatin-C had a 91.4% sensitivity, 90% specificity, 97% PPV, 75% NPV, and 
an area under the curve of 0.989 [24]. The ROC curve analysis for cystatin-C at cutoff 1.03 mg/L was 
published by Basma A. Ali and Ahmed M. Mahmoud. The area under the curve was 0.84, the 
sensitivity was 65%, and the specificity was 91% [25]. All these findings indicate that serum Cystatin 
C is considered a novel biomarker for early detection of glomerular impairment in BTM. 

 
CONCLUSIONS 
The renal glomerular impairment is common even in the early age of patients with BTM. Compared 
to the traditional renal function tests (blood urea and serum creatinine), the use of early indicators 
for glomerular function is far more beneficial and appropriate for screening and monitoring of 
potential glomerular dysfunction. It is appropriate and most likely economical to use urine ACR for 
microalbuminuria as a predictor of glomerular function. A new novel biomarker for the early 
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detection of glomerular dysfunction is serum Cystatin C. Both deferasirox and deferoxamine 
produce changes in the renal glomerular function. 
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