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Abstract

Objective: The aim of the present study is to investigate the presence of glomerular dysfunctions in adults with β thalassemia major (β- TM), using early biomarkers of glomerular dysfunctions.

Background: β thalassemia major associated nephropathy has recently been a growing matter of concern affecting most aging thalassemia major patients. Serum creatinine is alone an unreliable indicator of renal functions.

Patients and methods: 50 patients with β-TM were subjected to history taking and clinical examination. Urinary albumin/creatinine ratio (ACR), Serum cystatin-C (SCys-C) levels were measured and CKD-EPI-CysC equation for estimated glomerular filtration rate (eGFR) were calculated. Presence of ACR>300mg/g and/or decreased eGFR cys were considered as glomerular dysfunction.

Results: Cases with HCV infection or diabetes were excluded from our analysis for possible risk factors for glomerular dysfunction, In the 43 patients with β-thalassemia major there were 18 patients with glomerular dysfunction (41.9%). There were significant differences between patients with and patients without glomerular dysfunction as regards age, urine albumin to creatinine ratio, serum Cyst-C, Serum creatinine, estimated GFRcys, hemoglobin and insignificant differences as regads sex, weight, height, BMI, splenectomy, using iron chelators or drugs for osteoporosis, blood requirement (ml/Kg/year) or ferritin level more than 1000.

Conclusion: our study revealed presence of glomerular dysfunctions in about (41.9%) of adult β-TM patients, age and pretransfusion hemoglobin level are predictors for glomerular dysfunctions. CKD-EPI-CysC equation for eGFR can detect early renal damage in these patients.

Keywords:   β-thalassemia major; CKD-EPI-CysC; Glomerular dysfunctions; SCys-C: Serum Cystatin-C

Abbreviations: ACR: Albumin/Creatinine Ratio; eGFR: estimated Glomerular Filtration Rate; Ccr: Creatinine Clearance



Introduction 

 β-thalassemia syndromes are the most common inherited hemoglobinopathies in the world. Which is caused by an autosomal recessive genetic deficiency in the β-globin chain that leads to accumulation of unpaired a-globin chains [1].

β-thalassemia is a common hematologic disorder in the Mediterranean basin, parts of africa, the middle east, the Indian subcontinent, the Southern far east, and Southeast Asia; these areas make up the so-called thalassemia belt [2].

In Egypt It has been estimated that 1000 children out of 1.5 million live births are born annually with thalassemia major, the carrier rate in Egypt has been reported to be in the range of 9%-10% [3]. Aggregated a-chains damage the cell membrane and the membranes of intracellular organelles also it trigger the formation of reactive oxygen species, which further damage the protein and lipid constituents of cell membranes [4]. 3 main factors are accused in the pathophysiology of β-thalassemia patients: ineffective erythropoiesis, chronic anemia and hemolysis, and primary iron overload [5].

Ineffective erythropoiesis is the primary cause of anemia and is responsible for excessive intestinal iron absorption (primary iron overload) as well as the formation of extra medullary hematopoietic pseudotumors and osteoporosis [6].

Chronic anemia may be responsible for congestive cardiomyopathy, hepatosplenomegaly and growth and development retardation, hemolysis may lead to pulmonary hypertension and thromboembolic disease [7]. 


Transfusional iron overload leads to hepatic, endocrine and cardiac failure, and premature death [8]. Little attention has been paid to the possible kidney damage in patients with β-thalassemia, but recent studies outlined the presence of different tubular and glomerular dysfunction [5].

The aim of the present study was to investigate the presence of glomerular dysfunctions in adults with β-TM, using the early biomarkers for detection of glomerular dysfunctions.

Subjects and Methods

This is across-sectional study, it was carried out on 50 patients with β-TM; they were randomly selected from in and outpatients of the hematology unit, internal medicine department, faculty of medicine, menofia university from the period of August 2016 till February 2017. This 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.

The studied patients with β-TM 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 6-7g/dl, HbF >50%, and HbA 2<4% [9]. Patients with other hemolytic anemia, patients with other hemoglobinopathies, patients with systemic illness (heart failure, hepatic diseases, or diabetes mellitus) and patients with clinical or laboratory evidence of other causes of renal diseases were excluded from this study. No urinary tract infection or obstructive uropathy was noted at time of urine sampling. All patients were on regular blood transfusion.

Renal glomerular damage was considered if there is albuminuria. Albumin to creatinine ratio in early morning single spot urine sample greater than 300mg/g creatinine was considered albuminuria [10]. The estimated glomerular filtration rate (eGFR) was calculated using the 2012 CKD- EPI cystatin C equation: 133_min (SCysC/0.8, 1)_0.499_max (SCysC/0.8, 1)_1.328_0.996 Age[_0.932 if female], where SCysC is serum cystatin C (in mg/l), min indicates the minimum of SCysC/0.8 or 1 and max indicates the maximum of SCysC/0.8 or 1	[11].

Renal affection in this study was considered if eGFR is less than 60ml/min/1.73m2 and/or if the urinary ACR was greater than 300mg/g Cr. An eGFR creat of ≥;150mL/min/1.73m2 and ≥120mL/min/1.73m2 were considered as hyper filtration for <30 years old and older people, respectively [12]. Presence of ACR>300 mg/g creatinine and/or decreased eGFRcys were considered as glomerular dysfunction.

Patients included in our study were subjected to full medical history taking and complete clinical examination including age, sex, family history of β-thalassemia, weight, height, disease duration, first time of blood transfusion, number of blood transfusions/year, history of splenectomy, post-splenectomy duration and type, duration of chelation therapy, other comorbidities and drug history were obtained.

Patients were advised to fast overnight and to abstain from taking any medications (including chelation) in the previous 24h. The blood samples from patients were collected immediately before blood transfusion, about 10ml of venous blood after fasting and fresh second-morning midstream urine samples were collected from all the participants.

Blood samples were collected on EDTA (1.2mg/ml) for complete blood count using SysmexXT-1800i (Sysmex, Hyogo, Japan). And serum ferritin level was done using Cobas Integra 800 (Roche Diagnostics, Mannheim, Germany). Then serum samples were immediately divided into aliquots and frozen at -70 °C till serum cystatin-C levels were measured using the quantikine human cystatin-C immuno sorbent assay (ELISA) kit (Cat. No.: RD191009100; R&D Systems Inc., Minneapol is, Minnesota, USA), then the samples were incubated in microtitrate plate wells which was precoated with polyclonal anti-human cystatin-C antibody, and polyclonal anti-human cystatin-C antibody, conjugated with horseradish peroxidase is added to the wells after 30min of incubation and washing and incubated for 30min with the captured cystatin-C. The second washing step was also done, then the remaining horseradish peroxidase conjugate is left to react with the substrate solution (TMB).

Stopping of the reaction was done by addition of an acidic solution and absorbance of a resulting yellow product is measured .The absorbance is proportional to the concentration of cystatin-C. Construction of a standard curve is done by plotting absorbance values against concentrations of cystatin-C standards and concentrations of unknown samples are determined using this standard curve.

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). Our collected data were tabulated and analyzed using SPSS version 17 software (S PSS Inc., Chicago, Illinois, USA). The categorical data were presented as numbers and percentages but quantitative data were expressed as means and SDs. Comparison of the continuous data between two groups was made by using the unpaired t-test for parametric data and the Mann-Whitney test for non-parametric data. Fisher's exact was used for comparison between categorical data. The Spearman test was used for correlations between different nonparametric parameters. The accepted level of significance in this work was stated at 0.05 (P<0.05 was considered significant).

Results

Our study included (50) patients with P-thalassemia major (26 females and 24 males) their age range from 18 to 50 years,  the mean weight of patients was 57.5kg (range 35.0-80.0) and 2	patients one male and a female patient were below the third percentile for normal weight, the mean height is 158.8cm (range 140-170.0) and 4 male patients were below the third percentile for normal height, the mean BMI is 23.8 (range 20.2-27.1). 15 patients (30.0%) have family history of thalassemia, 38 patients (76.0%) had done splenectomy, 31 patients (62.0%) receive iron chelators of them 21 patients (42.0%) are on deferoxamine, 7 patients (14.0%) are on deferasirox and 3 patients (6.0%) are on deferiprone, there were 3 patients (6.0%) have diabetes melitus,9 patients (18.0%) have osteoprosis, 5 patients (10.0%) have HCV, 1 (2.0%) patient has cardiomyopathy, 1 (2.0%) patient has pulmonary embolism, 1 (2.0%) patient had underwent total hib replacement, the mean volume of transfused blood is 76.760ml per Kg per year. The mean serum Cyst-C (mg/dL) of patients was 0.91±0.34 range (0.23-2.25), the mean eGFR- cystatin was 0.91±0.34 range (30-210), the mean hemoglobin (mg/dL) was 7.4±8.5 and 43 patients (86.0%) have sereum ferritine level more than 1000.

In the 50 Patients with β-thalassemia major there were 22 patients with glomerular dysfunction (44%) of them 9 patients (18%) had low eGFR cyst, 6 patients (12%) had albuminuria and 7 patients (14%) had combined low GFR and albuminuria. But, the number of cases further reduced to 43 cases as cases with HCV infection or diabetes were excluded from our analysis for possible risk factors for glomerular dysfunction. In the 43 Patients with β-thalassemia major there were 18 patients with glomerular dysfunction (41.9%) of them 9 patients (21%) had low eGFR cyst, 5 patients (11.6%) had albuminuria and 4 patients (9.3%) had combined low GFR and albuminuria (Figure 1 & 2) (Table 1).
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Figure 1: Patients with β-thalassemia major.
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Figure 2:  Patients with β-thalassemia minor.




Table 1:  Glomerular dysfunction in the studied group after exclusion of patients with other risk factor for glomerular dysfunction.
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Table 2:  Comparison of the sex, age and anthropometric measurements between patients with and those without glomerular dysfunction. 
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Our results showed significant differences between patients with and patients without glomerular dysfunction as regards age and insignificant differences as regards sex, weight, height, BMI, splenectomy, using iron chelators or drugs for osteoporosis (Table 2).


Our results showed significant differences between patients with and patients without glomerular dysfunction as regards urine albumin to creatinine ratio, serum Cyst-C, Serum creatinine, estimated GFRcys, hemoglobin and insignificant differences as regards blood requirement (ml/Kg/year) or ferritin level more than 1000 (Table 3 & 4).





Table 3:  Comparison of the clinical charactristics between patients with and those without glomerular dysfunction.
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Table 4:  comparison of the laboratory parameters between patients with and those without glomerular dysfunction. X=Mean; SD=Standard Deviation; P value of 0.001=Highly Significant; t = t-test; p=Paired t test; m=Mann Whitney U test.
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There were significant negative correlation between eGFR cys and patients age, albuminuria and blood requirement, There were significant positive correlation between eGFR cys and patients weight and hemoglobin level. There were no significant correlation between eGFR cys and patients height or BMI.

Discussion

TM-associated nephropathy has recently been a growing matter of concern because renal failure starts to affect most aging TM patients. Renal injury once begins, the pattern of deterioration is insidious but progressive at the same time. Early awareness and intervention would probably decrease the morbidity and mortality [13].

The pathophysiology of renal injury in TM patients seems to be multi-factorial, attributed to various factors such as chronic anemia, oxidative stress due to ongoing hemolysis, excessive free iron, renal iron deposition and chelating agents [5].

Chronic anemia is thought to cause a decrease in systemic vascular resistance and subsequent increase in renal plasma flow which might play a role in glomerular hyper filtration, triggering the renal injury [14]. Regarding pathophysiology, glomerular hyper filtration, if untreated, can lead to stretching of the glomerular capillary wall due to increase in glomerular pressure, resulting in endothelial and epithelial injury together with transudation of macromolecules into mesangium [13].

Renin-angiotensin-aldosteron system seems to contribute to the intra renal pressure and this might preceed glomerulosclerosis and progressive tubulo-interstitial injury [15]. It is well-known that serum creatinine is alone an unreliable indicator of renal functions because muscle mass, protein intake and hepatic disease affects its serum levels. Cys-C is an endogenous, nonglycosylated basic protease inhibitor which has been an ideal marker of renal functions. Its production is not affected by age, gender or body mass index and correlates better than creatinine with measured GFR [13].

Besides among patients with hyper filtration, 31 (64.5%) had elevated levels of Cys-C. That's why elevated Cys-C levels should be thought as an early sign of renal injury in TM patients like in patients with diabetes mellitus type 1 [16].

CKD-EPI-CysC equation for eGFR detects more TM patients with renal impairment compared to equations that include serum creatinine. CKD-EPI-CysC equation for eGFR should be used in thalassemic patients as this equation can detect earlier renal damage [17].

The results of our study showed that 22 (44%) patients had glomerular dysfunction (eGFR <60ml/min/1.73m2 and/ or the urinary ACR was >300mg/g Cr), after exclusion of cases with HCV infection or diabetes from our analysis for possible risk factors for glomerular dysfunction there were 18 patients with Glomerular dysfunction (41.9%) of them 9 patients (21%) had low eGFR cyst, 5 patients (11.6%) had albuminuria and 4 patients (9.3%) had combined low GFR and albuminuria.

Our results contrast with the findings of studies that used eGFR and reported hyper filtration as Ponticelli et al. [18], Sumboonnanonda et al. [19], Koliakos et al. [20] Quinn et al. [21]. Our findings suggest that a larger population of patients with TM may ultimately develop CKD following their prolonged longevity. And this is in accordance with Milo et al. [22]. Which determine GFR by using insulin clearance and compare it with measured creatinine clearance (Ccr) and eGFR and cocluded that the estimating methods for determination of GFR are not clinically reliable; thus, the use of a more accurate method to assess GFR is warranted. Such a method may enable early detection of GFR decline and prevention or attenuation of its deterioration to CKD and the need for RRT. An important practical issue relates to the treatment of patients with TM with iron chelation drugs, antibiotics, cytotoxic drugs and other medications that need adjustment according to GFR because the use of estimated methods for GFR may cause erroneous dosing.

In accordance with our results, Hamed et al. [23] who found that impaired renal functions (eGFR <90ml/min/1.73m2) was reported in 47.83%. Also, Mohkam et al. [24], Hamed et al. [23] and Dimitriadou et al. [25], found proteinuria or abnormal ACR in 89.3, 82.61, and 68% of β-TM patients respectively. Elbedewy et al. found that 12 (30%) patients had renal affection (eGFR <90ml/min/1.73m2 and/or the urinary ACR was >30mg/gCr) [1].

Albuminuria was attributed mainly to the destruction of the glomerular filtration membrane which could be due to massive iron deposition in the tissues, resulting in an increase of free radical production, leading to apoptosis [26]. In addition, albuminuria could result from prolonged hyper filtration, prostaglandin secretion and chronic anemia [27]. Elbedewy et al. showed significantly higher levels of the urinary ACR in thalassemic patients when compared with the control group [1]. These results are in agreement with Aldudak et al. [28], Hamed et al. [23] and Ali and Mahmoud [29], who found statistically significant higher levels of the urinary ACR in the thalassemic group when compared with the control group.

Our results show that mean Serum Cyst-C (mg/dL) of patients was 0.91±0.34 range (0.23-2.25) and this is in accordance with Elbedewy et al. [1], that found mean Serum Cyst-C (mg/dL) of thalassemia patients was 0.99±0.2435 and mean Serum Cyst-C (mg/dL) of control group was 0.68±0.07618. Cystatin-C is a cysteine protease inhibitor that is synthesized from all human cells and secreted into the blood. The advantage of cystatin-C measurement in comparison with creatinine clearance is that it is not affected by height, sex, diet and muscle mass [30].

Serum cystatin-C is believed to be a more robust endogenous marker of GFR than creatinine as it is thought to be produced at a constant rate by all nucleated cells, freely filtered by the glomeruli, minimally bound to proteins, and totally reabsorbed and metabolized in the proximal tubule [31].

The cystatin-C molecule is more than 100 times larger than creatinine. In theory, narrowing of the glomerular filter could impair filtration of cystatin-C but still allow free passage of creatinine. This has led researchers to investigate whether an increase in plasma cystatin-C precedes the conventional creatinine [32].

Our results showed that age and pre transfusion hemoglobin level are independent predictors of glomerular dysfunction. The effect of age on glomerular function was studied by Eliana Lai et al. [33], this retrospective study evaluated the changes in estimated glomerular filtration rate (eGFR) in 81 adult patients with TM followed for 10 years. Only patients who had an eGFR of >90mL/min/1.73m2 at presentation were admitted to the study. All patients were regularly followed for at least 10 years. At 10 years, 15 patients (18.5%), eGFR decreased to <90mL/ min (from 98.1 to 78.2mL/min/1.73m2; P=0.004), patients with elevated phosphaturia, elevated uricuria and/or abnormal levels of calcaemia show a significant decline in eGFR over time, suggesting that tubular damage acquired in childhood caused by either TM or its treatment may eventually result in abnormal eGFR.

Eliana Lai et al. [33], concluded that large variations in haemoglobin levels were also associated with an increased risk of decline in eGFR, showing the importance of maintaining pre- transfusional levels of haemoglobin between 9.5 and 10.5g/ dL. Iron overload and anaemia are likely to be the main factors responsible for these tubular abnormalities.

Conclusion

Our study revealed presence of glomerular dysfunctions in about (41.9%) of adult β-TM patients, age and pre-transfusion hemoglobin level are predictors for glomerular dysfunctions. CKD-EPI-CysC equation for eGFR can detect early renal damage in these patients.
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