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تواتر الخلل الوظيفي الكبيبي في الأطفال المصابين بمرض بيتا ثلاسيميا 
الكبرى في

ب�سمة عبد المعز علي و �أحمد محمد محمود

abstract: Objectives: This study investigated the frequency of glomerular dysfunction in children with beta 
thalassaemia major (β-TM) by using different markers and correlating them with serum ferritin and iron chelation 
therapy. Methods: The study, carried out between August 2011 and May 2012, included 100 patients with β-TM, 
in two groups. Group Ia (n = 62) received chelation therapy (deferoxamine). Group Ib (n = 38) received follow-
up care at the Pediatric Hematology Outpatient Clinic, Minia University Children’s Hospital, Egypt. Group II 
included 50 apparently healthy controls, age- and sex-matched to Group I. All patients underwent a thorough 
history-taking, clinical examination and laboratory investigations. Results: Compared to Group II, Groups Ia 
and Ib had significantly higher levels of cystatin C, serum creatinine and serum ferritin, and a higher albumin/
creatinine ratio in their urine, and a significantly lower estimated glomerular filtration rate (eGFR) and creatinine 
clearance (P <0.05). Moreover, Group Ιa had a significantly lower eGFR and creatinine clearance than Group 
Ib. Cystatin C had a highly significant strong negative correlation with eGFR and creatinine clearance and a 
significantly strong positive correlation with serum ferritin, and a higher sensitivity and specificity than serum 
creatinine and creatinine clearance for small changes in GFR. Conclusion: β-TM patients had a high frequency 
of glomerular dysfunction—possibly attributable to chronic anaemia, iron overload or chelation therapy. Periodic 
renal assessment is mandatory to detect renal complications. Cystatin C is a promising marker to monitor 
glomerular dysfunction, having a higher sensitivity and specificity than serum creatinine and creatinine clearance 
for small changes in GFR.
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الملخ�ص: الهدف: هدفت هذه الدرا�سة �إلى التحقق من وتيرة حدوث الخلل الوظيفي الكبيبي في لاأطفال الذين يعانون من بيتا ثلا�سيميا الكبرى با�ستخدام 
م�ؤ�شرات مختلفة و ربطها مع ن�سبة الفيريتين والعلاج الم�ستخدم في عملية �إزالة الحديد من الج�سم. الطرق: �شملت الدرا�سة والتي �أجريت بين �أغ�سط�س 2011 
ومايو 2012 مائة من المر�ضى الذين يعانون من بيتا ثلا�سيميا، و ق�سمت �إلي مجموعتين. المجموعة لاأولى �أ )عددها 62( وت�أخذ عقار ديفيروك�سامين لإزالة 
الحديد من الج�سم �أما المجموعة لاأولى ب )عددها 38( دون تناول ذلك العقار مع متابعة الرعاية ال�صحية في العيادة الخارجية لأمرا�ض الدم في م�ست�شفى 
جامعة المنيا للأطفال، م�صر. �شملت المجموعة الثانية 50 من لاأ�صحاء المتطابقين من حيث العمر والجن�س مع المجموعة لاأولي وخ�ضع جميع المر�ضى 
لأخذ تاريخ دقيق وفح�ص �سريري ومختبري.  النتائج: �أثبتت المقارنة بين المجموعة لاأولي )�أ( و )ب( مع المجموعة الثانية �أن المجموعة لاأولى )�أ ( و )ب( 
كان بها م�ستويات ال�سي�ستاتين �سي، و م�ستوى الكرياتينين و الفيريتين في م�صل الدم، ومعدل ن�سبة الزلال/ الكرياتينين في البول �أعلى بكثير من المجموعة 
الثانية ، وكذلك معدل التر�شيح الكبيبي وت�صفية الكرياتينين �أقل ب�شكل دال �إح�صائيا. وعلاوة على ذلك وجد �أن معدل التر�شيح وت�صفية الكرياتينين كان �أقل 
في المجموعة لاأولى )�أ ( عنه في المجموعة لاأولى )ب( ب�شكل دال �إح�صائيا ووجدت علاقة قويه عك�سية داله �إح�صائيا بين ال�سي�ستاتين �سي و معدل التر�شيح 
الكبيبي وت�صفية الكرياتينين و علاقة �إيجابية قوية ب�شكل ملحوظ بين م�ستوى ال�سي�ستاتين �سى و م�ستوى الفيريتين فى الم�صل. وكانت ح�سا�سية وخ�صو�صية 
ال�سي�ستاتين �سى فى التنب�ؤ بالتغيرات ال�صغيرة في معدل التر�شيح الكبيبي �أعلى من الكرياتينين في م�صل الدم وت�صفية الكرياتينين. والخلا�صة: ان مر�ضى 
بيتا ثلا�سيميا لديهم وتيرة عالية من الخلل الكبيبي وقد يعزى ذلك �إلى فقر الدم المزمن و الحديد الزائد �أو العلاج الم�ستخدم في عملية �إزالة الحديد الإ�ستنتاج: 
�إن التقييم الدوري للكلى �إلزامي للك�شف عن الم�ضاعفات الكلوية. ال�سي�ستاتين �سي هو علامة واعدة لر�صد الخلل الكبيبي، لح�سا�سيته وخ�صو�صيته العاليه 

للتغييرات الب�سيطة في التر�شيح الكبيبي مقارنة بم�ؤ�شرات الكرياتينين و وت�صفية الكرياتينين في م�صل الدم.
مفتاح الكلمات: الخلل الكبيبي؛ بيتا ثلا�سيميا؛ �سي�ستاتين �سي؛ العلاج لإزالة الحديد؛ م�صر.
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Advances in Knowledge
-	 Glomerular dysfunction in children with beta major thalassaemia (β-TM) may be subclinical and, as this dysfunction may not be 

detected by routine testing, the use of early markers is recommended.

Application to Patient Care
-	 In β-TM patients, a close follow-up of glomerular dysfunction is necessary as it is not a rare complication.

Sultan Qaboos University Med J, February 2014, Vol. 14, Iss. 1, pp. e88-94, Epub. 27TH Jan 14
Submitted 12TH May 13
Revision Req. 14TH Aug 13; Revision Recd. 15TH Aug 13
Accepted 5TH Sep 13



Basma A. Ali and Ahmed M. Mahmoud

Clinical and Basic Research | e89

Beta thalassaemia (β-TM) is an  
inherited haemoglobin disorder 
characterised by the failure of the patient to 

produce beta haemoglobin chains, usually resulting 
in severe anaemia in its homozygous and compound 
heterozygous forms. The use of regular and frequent 
blood transfusions in patients with β-TM major has 
improved patients’ life spans and quality of life, but 
can lead to chronic iron overload.1 Unlike other 
organs, it is unclear whether kidney damage results 
solely from intravascular haemolysis, chronic 
transfusion or as a complication of iron chelation 
therapy.2 Patients with β-TM are known to have 
severe cardiopulmonary and reticuloendothelial 
dysfunction, but renal involvement has received 
little attention.3

Cystatin C is a 122-amino acid non-glycosylated 
protein of low molecular weight (13 kilodaltons 
[kDa]) that inhibits cysteine proteases. It is filtered 
by glomeruli and followed by tubular reabsorption 
and degradation, resulting in the excretion of a 
minute amount of cystatin C in the urine. It is 
not secreted by the renal tubules or reabsorbed 
back into the serum. Therefore, its serum levels 
serve as an endogenous parameter of glomerular 
filtration rate (GFR).4 Due to its small size, cystatin 
C is freely filtered by the glomerulus, and is not 
secreted but is fully reabsorbed and broken down 
by the renal tubules. This means that the primary 
determinate of blood cystatin C levels is the rate at 
which it is filtered at the glomerulus, making it an 
excellent marker of GFR. A recent meta-analysis 
demonstrated that serum cystatin C is a better 
marker for GFR than serum creatinine.4

Therefore, this study aimed to investigate 
the frequency of glomerular dysfunction in 
children with β-TM by using different markers 
and correlating them with serum ferritin and iron 
chelation therapy.

Methods
This cross-sectional study included an experimental 
group (Group I) of 100 patients, 72 males (65.5%) 
and 28 females (34.5%) aged 8–16 years and 
recruited from August 2011 to May 2012. Exclusion 

criteria included a patient history suggestive of 
recurrent urinary tract infections; the presence of 
systemic diseases affecting the kidney; the presence 
of rheumatic heart, thyroid, hepatic diseases, or 
diabetes mellitus; the intake of trimethoprim, 
corticosteroids or cephalosporin in the past seven 
days; a history of nephrotoxic drug use, and a family 
history of hereditary renal diseases. The control 
group included 50 apparently healthy volunteers 
who were age- and sex-matched to those in  
Group I.

The patients with β-TM were divided into two 
groups. Group Ia (n = 62) received regular chelation 
therapy consisting of deferoxamine (DFO) in doses 
of 20–40 mg/Kg per day via subcutaneous pump 
infusions over 8–12 hours/night for five days a 
week. Group Ib (n = 38) did not receive chelation 
therapy. Those in Group Ib underwent regular 
follow-up in the Pediatric Hematology Outpatient’s 
Clinic of the University Children’s Hospital of Minia 
University, Egypt. Written consent was received 
from the patients’ caregivers after the approval of 
the study by the University’s Ethical Committee. 

Both groups underwent a through history-
taking and clinical examination. Morning fasting 
blood samples and urine specimens were collected 
and tested for different biochemical function 
profiles, including simple urine analysis,5 an 
evaluation of the albumin/creatinine (A/C) ratio in 
the urine using the National Kidney Foundation’s 
level recommendations as a reference (female <3.5 
mg/mmol, male <2.5 mg/mmol)6 and creatinine 
clearance.7 The estimated glomerular filtration rate 
(eGFR) was calculated using the Schwartz formula 
for children, where constants were 0.44 for children 
<2 years and 0.55 for children ≥2 years:

Renal dysfunction was defined as eGFR <90 ml/
min per 1.73 m2.8 A complete blood count (CBC) 
was done using a Sysmex Complete Blood Count 
Analyzer (Sysmex Corporation, Kobe, Hyogo, 
Japan) and serum ferritin (ug/dL) was done by 
enzyme-linked immunosorbent assay (ELISA) 

-	 The use of alternative chelation therapy may decrease the possibility of renal damage by deferoxamine.
-	 Increased awareness among patients and their parents about the benefits of compliance to chelation therapy is a necessity.

eGFR (ml/min per 1.73 m2) = height (cm) × 
constant/serum creatinine (mg/dL)
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(R&D Systems, Minneapolis, USA).9 Renal function 
tests include blood urea with a reference range 
of 3.0–6.0 mmol/L and serum creatinine with a 
reference value for females of 40–90 μmol/L and 
males of 50–100 μmol/L) by a creatinine-Jaffe 
enzymatic assay using a spectrophotometer.10 
Finally, serum cystatin C level was measured by a 
Quantikine® human cystatin C immunosorbent 
assay (ELISA) kit (R&D Systems) with a reference 
value of 0.80–0.90 mg/L.11,12

The data were coded and verified prior to 
data entry. The Statistical Package for the Social 
Sciences (SPSS), Version 13 (IBM, Corp., Chicago, 
Illinois, USA), was used for data entry and analysis. 
All numeric variables were expressed as mean ± 
standard deviation (SD). Comparison of different 
variables in various groups was done using the 
Student’s t-test and Mann-Whitney U test for normal 
and non-parametric variables, respectively. The chi-
squared test (χ2) was used to compare the frequency 
of qualitative variables among the different groups. 
Pearson’s and Spearman’s correlation tests were 
used for correlating parametric and non-parametric 
variables, respectively. Multiple regression analysis 
was also performed to determine the effect of 
various factors on a dependent variable. A P value 
of >0.05 was determined as non-significant while 
a P value of <0.05 was significant. A Z-test was 
used to compare proportions and correlations.13 
A receiver operating characteristic (ROC) analysis 
was done to determine the accuracy of serum 
cystatin C versus serum creatinine and creatinine 
clearance by plotting the sensitivity and specificity 
of the experimental and control groups.

Results 
In this study, the frequency of glomerular 
dysfunction in children with β-TM was investigated 
by using different markers and correlating them 
with serum ferritin and iron chelation therapy. A 
comparison of Groups Ιa and Ib in regards to clinical 
findings showed that Group Ia had a significantly 
higher frequency of blood transfusions than group 
Ιb (P = 0.02) [Table 1]. Concerning the laboratory 
parameters, Table 2 shows that Groups Ιa and Ib 
had statistically significant higher levels of serum 
cystatin C, serum creatinine and serum ferritin, and 
a higher albumin/creatinine (A/C) ratio of the urine 
than Group II where P <0.05. On the other hand, 

they had a significantly lower eGFR as determined 
by Schwartz and a lower creatinine clearance than 
Group II.

A comparison between Groups Ia and Ib 
demonstrated that Group Ιa had a significantly lower 
eGFR and creatinine clearance than Group Ib (P = 
0.004 for each). In regards to different correlations, 
there were statistically significant strong negative 
correlations between serum cystatin C with eGFR 
and creatinine clearance where r = -0.91, P = 0.001 
and r = -0.80, P = 0.005, respectively. Moreover, 
there was an insignificant negative weak correlation 
with the frequency of blood transfusions (r = -0.14, 
P = 0.3) and a significant positive correlation with 
duration of chelation therapy, serum ferritin and 
A/C ratio in the urine (r = 0.29, P = 0.04; r = 0.9,  
P = 0.001; r = 0.82, P = 0.0001, respectively)  
[Table 3].

A ROC test was done for serum cystatin C and 
serum creatinine in β-TM patients and control 
groups, and it was found that the area under the 
curve (AUC) for serum cystatin C was significantly 
higher than that for serum creatinine [Figure 1]. 
Moreover, serum cystatin C had higher sensitivity 
and specificity than serum creatinine (65% versus 
27% and 91% versus 79%) [Table 4]. Table 5 and 
Figure 2 show that the AUC for serum cystatin C 
was significantly higher than that for creatinine 
clearance and serum cystatin C had higher 
sensitivity and specificity than creatinine clearance 

Table 1: Comparison between beta thalassaemia major 
patient subgroups by clinical characteristics

Parameter Patient subgroups P value

Group 
Ia with 
chelation 
(n = 62 )

Group Ib 
without 
chelation 
(n = 38)

Age in years, 
range (mean 
± SD)

10–16 
(9.6 ± 
1.1)

8–14.5 
(9.8 ± 1.7)

0.8

Gender, n (%) Male 40 (64.5) 24 (63.2) 0.5

Female 22 (35.5) 14 (36.8)

Age of onset of transfusion 
in months, mean ± SD

7.8 ± 3.2 8.7 ± 2.6 0.07

Frequency of blood 
transfusion per year, mean 
± SD

11.3 ± 1.9 9.4 ± 4.03 0.02*

Splenectomy, 
n (%)

Positive 6 (9.7) 3 (7.9) 0.3

Negative 56 (90.3) 35 (92.1)

SD = standard deviation; *Significant.
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(67% versus 63% and 93% versus 66%, respectively).

Discussion
In this study, it should be noted that less attention 
was paid to renal complications. Koliakos et al. 
and others have conducted investigations of 
renal involvement in adult β-TM patients.14,15 
The current study was designed to investigate 
glomerular dysfunction in children with β-TM by 
using different markers, including cystatin C, and 
to correlate those findings with serum ferritin and 
iron chelation therapy. The current study found 
that Group Ia had statistically significant higher 
frequencies of blood transfusion than Group Ib 
(P = 0.02) [Table 1], this was perhaps due to the 

potential ignorance of the Group Ib parents and 
their failure to comply with treatment.

Concerning laboratory data, the current study 
found that β-TM patients, whether receiving 
chelation therapy or not, had statistically significant 
higher levels of serum cystatin C, serum creatinine 
and serum ferritin than those in the control group. 
On the other hand, they had a significantly lower 
eGFR and creatinine clearance than the control 
group. This could be explained by the possibility 
that renal dysfunction in patients with β-TM was 
due to long-standing anaemia, chronic hypoxia 
and iron overload.14 In addition, the shortened life 
span of red blood cells with rapid iron turnover and 
DFO therapy may have proven nephrotoxic.15 These 
results were in agreement with the results obtained 

Table 2: Comparison between the beta thalassaemia major subgroups and the control group by laboratory findings

Parameter Group Ia 
with chelation

(n = 31)

Group Ib 
without chelation

(n = 19)

Group II 
control
(n = 35)

P value

Ia 
versus 

II

Ib 
versus 

II

Ia 
versus 

Ib

Cystatin C in mg/dL, 
range (mean ± SD)

0.7–2
(1.9 ± 0.2)

0.5–1.8
(1.6 ± 0.3)

0.3–0.6
(0.6 ± 0.1)

0.01* 0.01* 0.1

Serum creatinine in mg/
dL, range (mean ± SD)

0.7–1.5
(0.9 ± 0.1)

0.5–1.2
(0.7 ± 0.2)

0.5–0.8 
(0.4 ± 0.08)

0.01* 0.01* 0.1

eGFR by Schwartz 
formula in ml/min per 
1.73 m2, range 
(mean ± SD)

44–88.1
(77.4 ± 30.4)

56–99
(83.2 ± 36.4)

58.9–154
(102.9 ± 23.4)

0.01* 0.04* 0.04*

Creatinine clearance in 
ml/min, range 
(mean ± SD)

33–134
(34.2 ± 5.9)

40.3–140
(46.3 ± 6.05)

88–133
(89.7 ± 2.1)

0.001* 0.04* 0.04*

Serum ferritin in ng/ml, 
range (mean ± SD)

760–2500
(1120 ± 45.1)

98–1001
(995.09 ± 35.5)

12–76
(15.3 ± 2.5)

0.001* 0.001* 0.9

Albumin/creatinine ratio 
in urine in mg/mmol, 
range (mean ± SD)

1.1–112.8
(75.5 ± 24.4)

0.6–101.4
(62.2 ± 30.1)

0.4–2.2
(1.3 ± 0.2)

0.001* 0.02* 0.5

SD = standard deviation; ; eGFR = estimated glomerular filtration rate; *Significant.

Figure 1: Receiver operating characteristic curve 
for serum cystatin C and creatinine among beta 
thalassaemia major patients and the control group.

Figure 2: Receiver operating characteristic curve for 
serum cystatin C and creatinine clearance among beta 
thalassaemia major patients and the control group.
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by Grundy et al.16 and Hamed and ElMelegy17 who 
reported higher serum levels of serum cystatin C 
and serum creatinine and lower levels creatinine 
clearance. In contrast to the current study’s findings, 
Koliakos et al. found normal serum creatinine and 
creatinine clearance in β-TM patients who received 
subcutaneous DFO treatment.14

Concerning the urinary findings, the current 
study found that Groups Ιa and Ιb had statistically 
significant higher ratios of A/C in the urine than 
the control group. This albuminurea was attributed 
mainly to the destruction of the glomerular 
filtration membrane which may be due to massive 
iron deposition in the tissues, resulting in an 
increase of free radical production via the Fenton 
reaction, leading to cell death by binding cell 
proteins and disturbing their production.18,19 In 
addition, albuminurea could result from prolonged 
hyperfiltration, prostaglandin secretion and chronic 
anaemia.20

A comparison between Groups Ia and Ib in 
regard to some laboratory data showed that Group 
Ia had a significantly lower eGFR and creatinine 
clearance than Group Ib. This might be due to the 
shortened red blood cell life span with rapid iron 
turnover and tissue deposition of excess iron and 
the deferoxamine (DFO) therapy that may have 
proven nephrotoxic.15 In addition, Group Ia had a 
higher frequency of blood transfusion than Group 
Ib, where each 1 ml of packed red cells increases the 
body’s iron load by 1 mg, resulting in iron overload. 
Concerning different correlations, the current 
study found that serum cystatin C had a statistically 
higher, significantly strong negative correlation 
with eGFR and creatinine clearance where r = -0.91, 

P = 0.001 and r = -0.80, P = 0.005, respectively [Table 
3]. Because its biological variation is low, serum 
cystatin C gives a good assessment of GFR changes 
during follow-up.21 Furthermore, cystatin C had 
a statistically higher, significantly strong positive 
correlation with ferritin where r = 0. 90 and P = 
0.001. This may be due to increased iron deposition 
coming from multiple life-long transfusions and 
enhanced iron absorption, resulting in secondary 
haemosiderosis with secondary renal dysfunction.22

Serum cystatin C had a statistically significant, 
fair positive correlation with A/C ratio in the 
urine where r = 0.82 and P = 0.001. This could be 
explained by the possibility that proteinuria and 
microalbuminuria could be related to prolonged 
glomerular hyperfiltration and glomerulosclerosis.23 
Also, serum cystatin C had a highly significant 
positive correlation with the duration of chelation 
therapy, where r = 0.29 and P = 0.04.

In the present study, serum cystatin C and 
creatinine values were measured as markers of 
GFR in β-TM patients and a control group and 
therefore a ROC test was done for serum cystatin C 
and serum creatinine to determine the accuracy of 
serum cystatin C versus serum creatinine by plotting 
the claimed sensitivity and specificity of the β-TM 

Table 3: Correlations between cystatin C and different 
parameters

Parameter r† P

Duration of chelation in months 0.29 0.04*

Frequency of transfusion per year -0.14 0.3

eGFR in ml/min per 1.73 m2 -0.91 0.001*

Creatinine clearance in ml/min -0.80 0.005*

Serum ferritin in ng/ml 0.9 0.001*

Albumin/creatinine ratio 0.82 0.001*

eGFR = estimated glomerular filtration rate.
*Significant; †Grades of r: 0.00–0.24 (weak or no association); 
0.25–0.49 (fair association); 0.50– 0.74 (moderate association); 
>0.75 (strong association).

Table 4: Diagnostic accuracy of reduced glomerular filtration 
rate from serum cystatine C and serum creatinine among beta 
thalassaemia major patients and the control group

Threshold 
value

AUC 
mean 
± SD

Sensitivity 
%

Specificity 
%

95% 
CI

Cystatine 
C in mg/
dL

1.03 0.84 ± 
0.03

65 91 0.75–
0.89

Serum 
creatinine 
in mg/dL

0.6 0.71 ± 
0.04

27 79 0.60–
0.82

AUC = area under the curve; SD = standard deviation; CI = confidence interval.

Table 5: Diagnostic accuracy of reduced glomerular filtration 
rate from serum cystatine C and creatinine clearance among beta 
thalassaemia major patients and the control group.

Threshold 
value

AUC, 
mean 
± SD

Sensitivity
 %

Specificity
%

95% 
CI

Cystatine 
C in mg/
mL

1.03 0.82 ± 
0.02

67 93 0.75–
0.92

Creatinine 
clearance 
in ml/min

112 0.36 ± 
0.04

63 66 0.25–
0.46

AUC = area under the curve; SD = standard deviation; CI = confidence interval.
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and control patients. This test strongly suggested 
that serum cystatin C was indeed superior to serum 
creatinine for the detection of GFR as the AUC was 
0.85 ± 0.04 for cystatin C versus 0.73 ± 0.05 for serum 
creatinine with higher sensitivity and specificity 
(66% and 92% versus 64% and 75%) [Table 4 and 
Figure 1]. This finding was in agreement with the 
results obtained by Larsson et al., who stated that 
plasma cystatin C provided a better indication of 
changes of GFR than serum creatinine.24

Table 5 and Figure 2 show that the AUC for 
serum cystatin C was significantly higher than that 
for creatinine clearance (0.85 ± 0.04 versus 0.35 
±0.05) when comparing β-TM patients with the 
control group. Also, the sensitivity and specificity 
of serum cystatin C were higher than creatinine 
clearance (66% and 92% versus 26% and 75%, 
respectively). This finding was in agreement with the 
findings obtained by Finney et al., who demonstrated 
that, in contrast to creatinine clearance, serum 
cystatin C concentration was effectively constant 
by the first year of life, and remained constant 
throughout adulthood up to 50 years of age.25 They 
also suggested that serum cystatin C might offer a 
considerable advantage to paediatric nephrologists 
in the diagnosis of GFR due to its sensitivity in the 
detection and reduction of GFR.

Conclusion
This study has shown that β-TM patients have a 
high frequency of glomerular dysfunction. This can 
be attributed to chronic anaemia, iron overload and 
DFO toxicity. Periodic renal assessment of those 
patients is mandatory as they may be affected by 
hidden renal dysfunction. Cystatin C is a promising 
marker to assist in monitoring glomerular 
dysfunction for small changes in GFR with higher 
sensitivity and specificity than serum creatinine and 
creatinine clearance.

References
1.	 Forget BG. B-thalassemia syndrome. In: Hoffman R, Benz 

EJ Jr, Shattil SJ, Furie B, Cohen HJ, Silberstein LE, et al., 
Eds. Hematology: Basic Principles and Practice, 3rd ed. 
New York: Churchill Livingstone, 2000. Pp. 485–510.

2.	 Tracz MJ, Alam J, Nath K. Physiology and pathophysiology 
of heme: Implication for kidney disease. J Am Soc Nephrol 
2007; 18:414–20.

3.	 Borgna-Pignatti C, Gamberini MR. Complications of 
thalassemia major and their treatment. Expert Rev 
Hematol 2011; 4:353–66.

4.	 Tanaka A, Suemaru K, Araki H. A new approach for 
evaluating renal function and its practical application. J 
Pharmacol Sci 2007; 105:1–5.

5.	 Ringsrud KM, Linne JJ. Urinalysis and Body Fluids: A 
Color Text and Atlas, 1st ed. Maryland Heights, Missouri: 
Mosby Inc., 1994.

6.	 National Kidney Foundation. K/DOQI clinical practice 
guidelines for chronic kidney disease: Evaluation, 
classification, and stratification. Am J Kidney Dis 2002; 
39:S1–266.

7.	 McClatchey KD. Clinical Laboratory Medicine, 2nd ed. 
Philadelphia: Lippincott Williams & Wilkins, 2002.

8.	 Schwartz GJ, Brion LP, Spitzer A. The use of plasma 
creatinine concentration for estimating glomerular 
filtration rate in infants, children, and adolescents. Pediatr 
Clin North Am 1987; 34:571–90.

9.	 Young DS. Effects of Preanalytical Variables on Clinical 
Laboratory Tests, 2nd ed. Washington DC: AACC Press, 
1977. Pp. 152–4.

10.	 Burtis CA, Ashwood ER, Eds. Tietz Textbook of Clinical 
Chemistry, 3rd ed. Philadelphia: W.B. Saunders,1999.

11.	 Galteau MM, Guyon M, Gueguen R, Siest G. Determination 
of serum cystatin C: Biological variation and reference 
values. Clin Chem Lab Med 2001; 39:850–7.

12.	 Filler G, Bökenkamp A, Hofmann W, Le Bricon T, 
Martínez-Brú C, Grubb A. Cystatin C as a marker of GFR 
-- History, indications, and future research. Clin Biochem 
2005; 38:1–8.

13.	 Daniel WW. Biostatistics: A Foundation for Analysis. in 
the Health Science, 6th ed. New York: John Wiley & Sons, 
Inc., 1994.

14.	 Koliakos G, Papachristou F, Koussi A, Perifanis V, Tsatra I, 
Souliou E, et al. Urine biochemical markers of early renal 
dysfunction are associated with iron overload in beta-
thalassaemia. Clin Lab Haematol 2003; 25:105–9.

15.	 Cianciulli P, Sollecito D, Sorrentino F, Forte L, Gilardi E, 
Massa A, et al. Early detection of nephrotoxic effects in 
thalassemic patients receiving desferrioxamine therapy. 
Kidney Int 1994; 46:467–70.

16.	 Grundy RG, Woods KA, Savage MO, Evans JP. Relationship 
of endocrinopathy to iron chelation status in young 
patients with thalassaemia major. Arch Dis Child 1994; 
71:128–32.

17.	 Hamed EA, ElMelegy NT. Renal functions in pediatric 
patients with beta-thalassemia major: Relation to chelation 
therapy: Original prospective study. Ital J Pediatr 2010; 
36:39.

18.	 Thomas CE, Morehouse LA, Aust SD. Ferritin and 
superoxide-dependent lipid peroxidation. J Biol Chem 
1985; 260:3275–80.

19.	 Link G, Athias P, Grynberg A, Pinson A, Hershko C. Effect 
of iron loading on transmembrane potential, contraction, 
and automaticity of rat ventricular muscle cells in culture. 
J Lab Clin Med 1989; 113:103–11.

20.	 Koren G, Kochavi-Atiya Y, Bentur Y, Olivieri N. The effects 
of subcutaneous deferoxamine administration on renal 
function in thalassemia major. Int J Hematol 1991; 54:371–
5.



Frequency of Glomerular Dysfunction in Children with Beta Thalassaemia Major

e94 | SQU Medical Journal, February 2014, Volume 14, Issue 1

21.	 Hoek FJ, Kemperman FA, Krediet RT. A comparison 
between cystatin C, plasma creatinine and the Cockcroft 
and Gault formula for the estimation of glomerular 
filtration rate. Nephrol Dial Transplant 2003; 18:2024–31.

22.	 Khalifa AS, Sheir S, el-Magd LA, el-Tayeb H, el-Lamie O, 
Khalifa A, et al. The kidney in beta-thalassaemia major. 
Acta Haematol 1985; 74:60.

23.	 Katopodis KP, Elisaf MS, Pappas HA, Theodorou JC, 
Milionis HJ, Bourantas KL, et al. Renal abnormalities in 
patients with sickle cell-beta thalassemia. J Nephrol 1997; 
10:163–7.

24.	 Larsson A, Malm J, Grubb A, Hansson LO. Calculation 
of glomerular filtration rate expressed in mL/min from 
plasma cystatin C values in mg/L. Scand J Clin Lab Invest 
2004; 64:25–30.

25.	 Finney H, Newman D, Thakkar H, Fell JM, Price CP. 
Reference ranges for plasma cystatin C and creatinine 
measurements in premature infants, neonates, and older 
children. Arch Dis Child 2000; 82:71–5.


