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  ABSTRACT  
Transfusion dependent adults 

with β-thalassemia (TDBT), 

β2- Microglobulin. 

 After improving the survival of patients with β-thalassemia, it lets several 

clinical morbidities to manifest, like nephrological complications. Patients 

may have abnormalities in glomerular filtration rate and proximal renal 

tubules dysfunctions. The aim of this study was to explore prevalence and 

risk factors of renal tubular dysfunction in Egyptians adult’s patients with 

TDBT. This case series study was carried out on 86 adult patients with 

transfusion dependent beta-thalassemia (44 females and 42 males), their 

age ranged from 18 to 41 years; they were selected from Thalassemia 

Unit, Faculty of Medicine, Menoufia University from the period of 

December 2019 till June 2020. Results showed that 18 patients (20.9%) 

have renal tubular dysfunction out of total 86 patients according to β-2 

microglobulin levels in urine. Significant correlation between Phosphorus 

in urine, proteinuria & duration of disease with renal tubular dysfunction 

that may help in prediction of tubular dysfunction in adults patients with 

transfusion dependent beta-thalassemia, Age and family history are 

independent risk factors for RTD in TDBT. This study shows that tubular 

dysfunctions is a major problem present in about (20.9%) of adults with 

TDBT. Phosphorus in urine, proteinuria & duration of disease may help in 

prediction of tubular dysfunction in adults with TDBT. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Thalassemia syndromes are heterogeneous group of hemoglobin disorders caused by disordered production 

of normal globin chains. And considered the most common recessive diseases worldwide; about 1–5% of 

the global population are carriers of a thalassemia genetic mutation [1]. Thalassemias are more predominate 

in the Mediterranean and Middle East area, in North and Central Africa, in southeastern and southern Asia; 

however, this distribution has been changed because of migration, thalassemias are becoming increasingly 

common in America and Europe [2]. Syndrome may be α- or β -thalassemias may be according to the 

defective globin chain and on the underlying genetic defects; it may be recessive traits; thus, the clinical 

relevant phenotypes result from homozygosity or double heterozygosity for different globin gene defects. 
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They can also manifest from co- inheritance of thalassemia trait and structural hemoglobin variants such as 

hemoglobin S, C, and E [1]. The main problem in thalassemia is the ineffective erythropoiesis reflects the 

results of excess and unpaired alpha-globin, the degree of imbalance in the alpha-globin versus beta-globin 

biosynthetic ratio is the major determinate of disease severity rather than the less production of hemoglobin 

[3]. Beta-thalassemia (β-TM) is caused by either reduced (beta1) or absent (beta 0) synthesis of the beta 

globin chains of the hemoglobin tetramer, which is normally made up of 2 alpha globin and 2 beta globin 

chains [4]. 

 

Ineffective erythropoiesis is the hallmark of this disease as when the beta globin chains are decreased or 

absent, Within the RBCs’ mother cells, the unassembled alpha chains precipitate and lead to oxidative 

damage of the cell wall, initiating the apoptosis [5]. Due to modern modalities in treating patients with 

thalassemia, it lead to improvement in the survival, so several clinical morbidities are manifested, like 

nephrological complications. Patients may experience abnormalities in glomerular filtration rate and 

proximal tubules dysfunctions [6]. These renal complications including the glomerular and tubular 

impairment, cannot be detected with routine renal investigations [7]. 

 

About (41.9%) of adult β-TM patients have renal glomerular dysfunctions, age and pre-transfusion 

hemoglobin level are predictors for this glomerular dysfunctions [8]. 

 

2. Patients and Methods 

The current analytic cross sectional study was carried out on 86 adult patients with transfusion dependent β-

thalassemia TDBT (44 females and 42 males), their age ranged from 18 to 41 years; they were selected 

from in and out- patients of the Thalassemia Unit, Faculty of Medicine, Menoufia University from the 

period of December 2019 till June 2020. Patients with TDBT had in their history the following criteria at 

the time of initial diagnosis (age at first presentation was less than 2 years old with a mean hemoglobin 

level of 6–7 g/dl, HbF >50%, and HbA2< 4% [9]. All patients are on regular blood transfusion. Patient 

younger than 18 years old, patients with systemic illness (heart failure, hepatic diseases, or diabetes 

mellitus), patients with chronic HCV or HBV infection, and patients with clinical or laboratory evidence of 

other causes of renal diseases were excluded from the study. 

 

This study follows the ethical standards of our institution. Informed consents from all patients and controls 

were obtained in accordance with the local ethical committee at Menoufia faculty of Medicine (no 

29/2020). 

 

2.1 Following was done for patients 

 

1- Full medical history taking: 

Including disease duration, first time of blood transfusion, number of blood transfusions per year, duration 

and type of chelation therapy, history of splenectomy, other co-morbidities, drug history and family history 

of beta- thalassemia. 

 

2- Complete clinical examination: 

Chest, cardiac, abdominal and neurological examination in addition to height, weight, BMI measurement 

and secondary sexual characteristics. 

 

3. Routine investigations: 

• Complete blood count (CBC) and serum ferritin 
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• Blood urea and serum creatinine. 

• Liver function tests 

• Serological markers of HCV & HBV 

• Fasting and random blood sugar 

• Abdominal ultrasound. 

 

4) Specific investigations: 

Urine osmolarity, β2-microglobulin, phosphaturia and uricosuria as markers of early tubular dysfunction. 

 

2.2 Laboratory assessment 

Patients were instructed to fast overnight before attending the clinic in the morning and advised to abstain 

from taking any medications (including chelation) in the previous 24 h. Five milliliters of urine was 

collected for the immediate assessment of urinary creatinine (creatinine-Jaff e enzymatic assay) and urinary 

albumin colorimetrically (Egypt Company for Biotechnology, Cairo, Egypt). 

 

24 hour urine sample collected and investigated with fully automated devices from Roche Company as 

follow 

  

• β2-microglobulin checked in 1 ml of urine in cobas-C (Roche) 

• Urine osmolarity checked in 1ml of urine by Symex machine 

• Phosphorus in 24 h. urine by cobas-E (Roche) 

• Uric acid in 24 urine by cobas-E (Roche) 

 

The study was conducted in agreement with the guidelines of the declaration of Helsinki, 1975 and its 

subsequent amendments (1983) also it was approved by the local ethics committee. 

 

2.3 Statistical analysis 

Results were collected, tabulated and statistically analyzed by an IBM compatible personal computer with 

SPSS statistical package version 20. 

 

Two types of statistical analysis were done: 

a) Descriptive statistics: was expressed in: Number (N), percentage (%), mean ( ) and standard 

deviation (SD). 

 

b) Analytic statistics: 

Qualitative data was analyzed by chi square and whenever one cell of the expected was equal or less than 5; 

Fisher’s exact test was done. 

 

Quantitave data: 

• One-way Anova test is a test used for comparison between more than two groups having 

quantitative variables. 

• Kruskal wallis test (non-parametric test) is a test of significance used for comparison between more 

than two groups not normally distributed having quantitative variables. 

• Spearman correlation coefficient test (r-test) is a test of significance used to study the correlation 

between not normally distributed quantitative variables. Correlation coefficient test (r-test) results may be 

positive (+) correlation or negative (-) correlation. It is used to quantify the strength of the linear 
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relationship between two variables. 

 

P- value of (> 0.05) was considered statistically not significant.  

P- value of (< 0.05) was considered statistically significant. 

 

3. Results 

86 patients with TDBT were included in this study and tubular dysfunction was considered if β2-

microglobulin in urine more than 0.2 ug/ml. Clinical and Laboratory data of the studied patients were 

tabulated and statistical analysis showed the following results: 18 patients (20.9%) have renal tubular 

dysfunction out of total 86 patients according to β-2 microglobulin levels in urine. (Figure 1) 

 

3.1 Demographic and clinico-laboratory data of the studied patients 

The study included 34 males (39.5%) and 52 females (60.5%). The mean age of patients was 25.7±5.9 

years. Family history present in 46 patients (53.5%) and the mean BMI is (23.3±2.9Kg/m2). Splenectomy in 

62 patients (72.1%), the mean duration of disease (39.4±71.1months). Mean urine osmolarity (616.5±194.4 

mosm/kg), Mean phosphorus in urine (37.7±18.9 mg/day), Mean level of uric acid in urine (67.04±33.8 

mg/day). Mean protein in urine (22.97±13.2 mg/dl), mean creatinine in urine (100.1±57.3 mg/kg/24h), the 

mean protein/creatine ratio 0.326±0.297, Mean level of calcium in urine (6.7±5.4 mg/day). Mean level of 

B2 microglobulin in urine (0.284±0.14 ug/ml), mean hemoglobin (7.8±4.2 g/dl), mean platelets (Plts) count 

149.9±134.8 *103/ul, mean white blood cells (WBCs) count 7.3±5.3 *103/ul, mean serum ferritin 

(1000.6±633.4 ng/ml), (Table 1). 

 

3.2 Comparison between patient with & without RTD according to demographic & clinico-laboratory 

data of studied patients. Table 2 

Regrding number and sex of patients without RTD were 68 (28 males & 40 females), patients with RTD 

were 18 (6 males & 12 females) with no significant relation between sex and RTD p-value (0.669), for age 

patients without RTD have mean age (26.3±5.98) in comparison to patient with RTD mean age (23.3±5.7) 

with no significant relation between age and RTD p-value (0.182) (Table 2). 

 

Family history in patients without RTD absent in 40 patient & present in 28 with positive family history in 

all patients with RTD. BMI in patients without RTD mean (23.5±2.8) but in patients with RTD (22.6±3.2) 

with no significant relation between BMI and RTD p-value (0.46). 

 

Splenectomy all patients with RTD have splenectomy in comparison to 44 (64.7%) of patients without RTD 

with no significant correlation between splenectomy and RTD p-value (0.035) (Table 2). 

 

Duration of disease (months) in patients without RTD mean (24.2±21.6) in comparison to patients with 

RTD mean (111.5±26.8) with significant correlation between duration of disease and RTD p-value (<0.001) 

(Table 2). 

 

Hemoglobin level in patients without RTD mean (7.6±3.2 g/dl) but in patients with RTD mean (7.1±1.8 

g/dl) with no significant relation between hemoglobin level and RTD p-value (0.465). Platelets count in 

patients without RTD mean (150.4±120.4) in comparison to patients with RTD mean (145.2±101.2) with no 

significant correlation between Platelets count and RTD p- value (0.606). Serum ferritin in patients without 

RTD mean (959.2±292.9 ng/ml) but in patients with RTD mean (989.6±192.9 ng/ml) with no significant 

correlation between Serum ferritin and RTD p-value (0.926) (Table 2). 
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Osmolality of urine in patients without RTD mean (620.2±192.9 mosm/kg) but in patients with RTD mean 

(602.3±211.3mosm/kg) with no significant correlation between serum osmolality of urine and RTD p-value 

(0.809). Phosphorus in urine in patients without RTD mean (34.7±18.7 mg/day) but in patients with RTD 

mean (49±15.7mg/day) with significant correlation between phosphorus in urine and RTD p-value (0.04). 

Uric acid in urine in patients without RTD mean (64.4±29.7mg/day) but in patients with RTD mean 

(76.9±46.9 mg/day) with no significant correlation between uric acid in urine and RTD p-value (0.332). 

Calcium in urine in patients without RTD mean (5.8±8.1mg/day) but in patients with RTD mean 

(10.4±16.8mg/day) with no significant correlation between phosphorus in urine and RTD p-value (0.241) 

(Table 2). 

 

Protein in urine in patients without RTD mean (14.4±21.5mg/dl) but in patients with RTD mean 

(55.3±41.3mg/dl) with significant correlation between Protein in urine and RTD p-value (<0.001). 

Creatinine in urine in patients without RTD mean (93.9±47mg/kg/24h) but in patients with RTD mean 

(123.7±85.6 mg/kg/24h) with no significant correlation between creatinine in urine and RTD p-value 

(0.168). Protein/creatine ratio in patients without RTD mean (0.186±0.2) but in patients with RTD mean 

(0.78±0.7) with significant correlation between protein/creatine ratio and RTD p-value (<0.001) (Table 2). 

 

Spearmen rank correlation showing that significant correlation between phosphorus in urine and B2-

microglobulin in urine with p-value (0.046), also significant correlation with protein in urine p-value 

(0.019), with no other significant correlations to other variables (Table 3). 

 

Figure 2 & 3 show the correlation coefficient between B2-microglobulin in urine and phosphorus in urine, 

and correlation coefficient between B2- microglobulin in urine and protein in urine respectively. 

 

3.3 For the prediction of renal tubular dysfunction in TDBT 

Phosphorous in urine was significant with p-value (0.032), sensitivity (88.9%) and accuracy (58.14%). 

Protein in urine was significant with p-value (<0.001), sensitivity (88.9%) and accuracy (79.07%). Protein / 

creatinine ratio was not significant with p-value (0.811), sensitivity (66.67%) and accuracy (58.14%). 

Protein in urine was significant with p-value (<0.001), sensitivity (88.9%) and accuracy (79.07%). Duration 

of disease was significant with p-value (0.007), sensitivity (88.9%) and accuracy (72.09%). (Table 4) 

(Figures 4, 5 and 

6). 

 

3.4 Logistic regression for risk of RTD in TDBT 

Age was significant as independent risk factor for RTD p-valve (0.02). Family history was significant as 

independent risk factor for RTD p-valve (0.009) other variables were oot significant as risk factors for RTD 

(Table 5). 

 

4. Discussion 

Thalassemia major associated nephropathy has been a growing matter of concern because renal diseases 

starts to affect most aging TM patients. Renal injury once begins, the pattern of deterioration is insidious 

but progressive pattern of deterioration at the same time. Early discovery and management would probably 

decrease the morbidity and mortality. Glomerular hyper-filtration, without treatment, can cause increase in 

glomerular pressure and so stretching of the glomerular capillary wall, resulting in endothelial dysfunction 

and epithelial injury together with transudation of macromolecules into mesangium [10]. The current 

analytic cross sectional study included 86 patients, 42 males (49.0%) and 44 females (51.0%). Results 

showed that 18 patient (20.9%) have renal tubular dysfunction out of total 86 patients according to β2-
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microglobulin levels in urine. These results are in agreement with [11] which uses serum ferritin, 

bicarbonate, plasma osmolality and urinary total proteins, micro albuminuria, N-acetyl-β-D-

glucosaminidase (NAG), retinol binding protein (RBP), bicarbonate, osmolality, α-1 microglobulin, 

creatinine clearance (CrCl) as a biomarkers for renal dysfunction & showing that asymptomatic renal 

dysfunctions are prevalent in young β-thalassemia (β-TM) major and β- thalassemia intermedia (β-TI) 

patients that necessitate regular follow up. Also our study in agreement with [12] which uses β2-

microglobulin plasma, urine NAG, and urine malonyldialdehyde (MDA) as biomarkers for renal tubular 

dysfunction and it was the first report of renal tubular defects found associated with β-TM disease. Also the 

current study is in agreement with Patsaoura and his colleagues [13], [14], In both study using plasma 

neutrophil gelatinase-associated lipocalin NGAL as biomarker and agreement with Smolkin and his 

colleagues [15], which uses urine and blood NAG and show impaired renal tubular function in children with 

β-TM. 

 

Also our study in agreement with [16- 19] for the evident of renal tubular dysfunction among patients with 

β-TM. 

 

This study show that no evidence of effects of the age, sex and body weight on renal tubular dysfunction in 

agreement with [14] but this in contrast with [16] which show positive correlation with age. The results 

shows positive correlation between duration of the disease & renal tubular dysfunction in agreement with 

[16] which shows that tubular dysfunction increases with increasing age, duration, and levels of blood 

transfusion and hypercalciuria. Our study shows positive correlation between proteinuria & renal tubular 

dysfunction in agreement with [18] which show that urinary NAG excretion can be a reliable index of the 

tubular toxicity with a possible predictor of aminoaciduria, proteinuria and renal impairment in β-TM 

patients. In contrast with [16] the current study shows negative correlation between calcium in urine and 

tubular dysfunction. 

 

Finally the current study shows positive correlation between phosphorus in urine and renal tubular 

dysfunction. A negative correlation between urine osmolarity & uric acid in urine with renal tubular 

dysfunction. 

 

5. Conclusion 

Renal tubular dysfunctions is a major problem present in about (20.9%) of adult β-TM patients. Phosphorus 

in urine, proteinuria & duration of disease may help in prediction of RTD in patients with TDBT with early 

detection and management of renal complications may affect life span and life quality of this patients, Age 

and Family history are independent risk factors for RTD. 
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Legends for tables 

 

Table (1): Demographic and clinico-laboratory data of the studied patients 

Variable  

Sex (No & %) 

Male 

Female 

 

34 (39.5%) 
52 (60.5%) 

Age (years) 

Mean ±SD 

 

25.7±5.9 

Family history 

Absent 

Present 

 

40 (46.5%) 
46 (53.5%) 
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BMI(Kg/m2) 

Mean ±SD 

Underweight (No & %) 

Normal (No & %) 

Overweight (No & %) 

 

23.3±2.9 (17.5-27.9) 

6 (7%) 

56 (65.1%) 
24 (27.9%) 

Splenectomy 

-ve 
+ve 

 

24 (27.9%) 
62 (72.1%) 

Duration of disease(months) 
Mean ±SD 

 

39.4±71.1 

Osmolality of urine (mosm/kg) 

Mean ±SD 

 

616.5±194.4 

Phosphorus in urine(mg/day) 

Mean ±SD 

 

37.7±18.9 

Uric acid in urine (mg/day) 
Mean ±SD 

 

67.04±33.8 

Protein in urine (mg/dl) 
Mean ±SD 

 

22.97±13.2 

Creatinine in urine (mg/kg/24h) 
Mean ±SD 

 

100.1±57.3 

Protein/creatine ratio 

Mean ±SD 

 

0.326±0.297 

Calcium in urine (mg/day) 

Mean ±SD 

 

6.7±5.4 

B2-microglobulin in urine (ug/ml) 

Mean ±SD 

 

0.284±0.14 

Hemoglobin (g/dl) 
Mean ±SD 

 

7.8±4.2 

Platelets count (*103/ul) 
Mean ±SD 

 

149.9±134.8 

WBCs count (*103/ul) 
Mean ±SD 

 

7.3±5.3 

Serum ferritin (ng/ml) 

Mean ±SD 

 

1000.6±633.4 

 

Table 2: Comparison between patient with & without renal tubular dysfunction (RTD) according to 

demographic & clinic-laboratory data of studied patients. 

Parameters 
Without RTD With RTD Test of sig P-value 

N 68 (79.1%) N 18 (20.9%) 

Sex 

Male (No & %) 

Female (No & %) 

 

28 (41.2%) 
40 (58.8%) 

 

6 (33.3%) 
12 (66.7%) 

 

0.183 
** 

 

0.669 

Age (years) 
Mean ±SD 

 

26.3±5.98 
 

23.3±5.7 
 

1.36* 
 

0.182 

Family history 

Absent 

Present 

 

40 (58.8%) 

28 (41.2%) 

 

0 (0%) 

18 (100%) 

 

5.5** 
 

0.019 
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BMI(Kg/m2) 

Mean ±SD 

Underweight 
Normal 

Overweight 

 

23.5±2.8 

4 (5.9%) 

42 (61.8%) 
22 (32.4%) 

 

22.6±3.2 

2 (11.1%) 

14 (77.8%) 
2 (11.1%) 

 

0.746* 

1.7*** 

 

0.46 

0.425 

Splenectomy 

-ve 
+ve 

 

24 (35.3%) 
44 (64.7%) 

 

0 (0%) 
18 (100) 

 

4.4** 

 

0.035 

Duration of disease(months) 
Mean ±SD 

 

24.2±21.6 
 

111.5±26.8 
 

3.8* 
 

<0.001 

Hemoglobin (g/dl) 

Mean ±SD 

 

7.6±3.2 
 

7.1±1.8 
 

0.807 
 

0.465 

Platelets count (*103/ul) 
Mean ±SD 

 

150.4±120.4 
 

145.2±101.2 
 

0.559 
 

0.606 

WBCs count (*103/ul) 
Mean ±SD 

 

8.5±2.9 
 

9.5±1.7 
 

0.783 
 

0.477 

Serum ferritin (ng/ml) 
Mean ±SD 

 

959.2±292.9 
 

989.6±192.9 
 

0.099 
 

0.926 

Osmolality of urine(mosm/kg) 
Mean ±SD 

 

620.2±192.9 
 

602.3±211.3 
 

0.243 
 

0.809 

Phosphorus in urine (mg/day) 
Mean ±SD 

 

34.7±18.7 

 

49±15.7 

 

2.1 

 

0.04 

Uric acid in urine (mg/day) 
Mean ±SD 

 

64.4±29.7 
 

76.9±46.9 
 

0.981 
 

0.332 

Protein in urine (mg/dl) 

Mean ±SD 

 

14.4±21.5 
 

55.3±41.3 
 

4.1 
 

<0.001 

Creatinine in urine (mg/kg/24h) 
Mean ±SD 

 

93.9±47 
 

123.7±85.6 
 

1.4 
 

0.168 

Protein/creatine ratio 
Mean ±SD 

 

0.186±0.2 
 

0.78±0.7 
 

3.7 

 

0.001 

Calcium in urine (mg/day) 
Mean ±SD 

 

5.8±8.1 
 

10.4±16.8 
 

1.19 
 

0.241 

*Man whitney test (U) 

**Ficher exact test 

***X2 

 

Table 3: Spearmen rank correlation coefficient between B2-microglobulin in urine and other variables 

among the patients with renal tubular dysfunction 

Variable B2-microglobulin in urine 

r P-value 

Osmolality of urine (mosm/kg) 0.07 0.653 

Phosphorus in urine (mg/day) 0.305 0.046 

Uric acid in urine (mg/day) 0.256 0.098 

Protein in urine (mg/dl) 0.356 0.019 
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Creatinine (mg/kg/24h) 0.285 0.064 

Protein/creatine ratio 0.054 0.732 

Calcium in urine (mg/day) -0.009 0.955 

Duration of disease (monthes) 0.12 0.444 

Age (years) -0.06 0.696 

BMI (Kg/m2) 0.07 0.664 

Hemoglobin (g/dl) 0.15 0.469 

Platelets count (*103/ul) 0.068 0.792 

WBCs count (*103/ul) 0.221 0.089 

Serum ferritin (ng/ml) 0.14 0.453 

 

Table (4): Validity of patient parameters in prediction of renal tubular dysfunction in transfusion dependent 

b-thalassemia. 

 
AUC Cutoff P-value Sensitivity Specificity PPV NPV Accuracy 

Phosphorous in 

urine (mg/day) 

0.735 31.95 0.032 88.9% 50% 32% 94.44% 58.14% 

Protein in urine 

(mg/dL) 

0.884 12.25 <0.001 88.9% 76.47% 50% 96.3% 79.07% 

Protein / 

creatinine ratio 

0.526 0.115 0.811 66.67% 55.88% 28.36% 86.36% 58.14% 

Duration of 

disease (months) 

0.794 30 0.007 88.9% 67.65% 42.11% 95.8% 72.09% 

 

Table 5: Logistic regression for risk of renal tubular dysfunction in transfusion dependent B-thalassemia 

 
OR CI (95%) P-value 

Age (years) 2.4 0.2-2.2 0.02 

Sex -1.002 -0.03-0.01 0.324 

Duration of illness (months) 0.909 -0.15-0.393 0.37 

Family history 2.8 0.001-0.005 0.009 

BMI (Kg/m2) 0.123 0.1-2.6 0.162 
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Osmolality of urine (mosm/kg) -1.3 -0.445-0.093 0.192 

Phosphorus in urine (mg/day) -0.173 -0.001-0.01 0.864 

Uric acid in urine (mg/day) 0.82 -0.004-0.01 0.418 

Create (mg/kg/24h) -0.35 -0.005-0.05 0.972 

Protein/creatinine ratio -0.362 -0.004-0.003 0.72 

Calcium in urine (mg/day) 0.963 -0.158-0.441 0.343 

Hemoglobin (g/dl) 1.1 0.2-0.8 0.354 

Platelets count (*103/ul) 1.9 1.1-1.4 0.08 

WBCs count (*103/ul) -1.8 -0.2-0.9 0.456 

Serum ferritin (ng/ml) 0.278 0.1-0.9 0.976 

 

 
Figure 1: Prevalence of RTD among the studied TDBT patients according to B2 Microglobulin in urine 

 

[VALUE]%

20.9%

Renal tubular disease Absent

Renal tubular disease Present
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Figure (2): Correlation coefficient between B2-microglobulin in urine and phosphorus in urine 

 

 
Figure (3): Correlation coefficient between B2-microglobulin in urine and protein in urine 
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Figure (4): ROC curve for phosphorous in urine in prediction of renal tubular disease in transfusion 

dependent B-thalassemia patients. 

 

 
Figure (5): ROC curve for protein in urine in prediction of renal tubular dysfunction in B thalassemia 

patients 
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Figure (6): ROC curve for duration of disease in prediction of RTD in TDBT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


