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Abstract
Introduction
Sickle cell disease is the most common hemoglobinopathy worldwide. The evolution can be marked by multiple complications including chronic renal failure. Sickle cell nephropathy in its evolution can have a biological expression preceding clinical manifestation. We show albuminuria as a potential biomarker of sickle cell nephropathy and determine its progression and associated factors in sickle cell patients to prevent irreversible chronic renal failure.

Materials and Methods
This was a longitudinal, prospective, descriptive and analytical study conducted at the Cocody University Hospital Center from May 2023 to May 2025, involving adult sickle cell patients with albuminuria monitoring.

Results : 392 sickle cell patients were collected, among whom 144 had albuminuria. The prevalence was 36.7% with a sex ratio of 0.45 and a mean age of 25.96 years. The SSFA2 form was the most represented. Albuminuria was associated with low hemoglobin levels, mostly between 4-6 g/dl. An albuminuria threshold >300 mg/24h at baseline was associated with an increased risk of PA. In multivariate analysis, macroalbuminuria was associated with anemia, young adulthood and higher levels of renal lesions; microalbuminuria was mainly associated with late childhood and adolescence, with rare renal lesions at entry. 25.7% of cases developed persistent albuminuria (PA), which was associated with macroalbuminuria and poor therapeutic adherence. The decrease in glomerular filtration rate and CKD in adults was associated with PA, but not with initial albuminuria. All 4 recorded deaths presented persistent albuminuria. 

Conclusion : The risk of eGFR decline and CKD in adults was associated with PA. Albuminuria in sickle cell disease progressed with age, and PA was also positively associated with characteristics and biomarkers of renal lesions.

Keywords : Sickle cell disease, albuminuria, chronic renal failure, Côte d'Ivoire.
INTRODUCTION

Sickle cell disease is an autosomal recessive genetic disorder of hemoglobin that causes rapid destruction of red blood cells. It is a structural abnormality of hemoglobin due to the replacement of the 6th amino acid, glutamic acid, with valine on the β chain. The product of this autosomal mutation is called Hemoglobin S for "Sickle" [1]. It constitutes a major pathology in sub-Saharan Africa, where the prevalence of the sickle cell trait ranges between 10% and 40%, and where it is estimated that approximately 300,000 children are born each year with a homozygous form of the disease. In Côte d'Ivoire, approximately 14% of the population carries the trait, and the disease affects approximately 2% of newborns each year, representing a real public health problem. Studies conducted by Cabannes and Sangare noted a prevalence of 12% nationally, with an unequal distribution of disease frequency from one ethnic group to another [2]. In Europe, although the prevalence is lower (0.05% to 0.1%), migratory flows have led to an increase in diagnosed cases, making adapted management necessary in various healthcare contexts. Sickle cell disease is associated with numerous complications, among which renal involvement occupies a central place. These complications, such as sickle cell nephropathy, can evolve silently over years before reaching advanced stages, where they become irreversible [3].
Microalbuminuria, defined by urinary albumin excretion between 30 and 300 mg/day, is an early and sensitive marker of renal dysfunction. In sickle cell patients, it constitutes a warning signal for nephropathy progression [4]. However, this complication remains underdiagnosed, as it is often asymptomatic and is not always systematically sought during clinical follow-ups. Recent studies show that albuminuria affects between 26% and 68% of adult sickle cell patients depending on geographical contexts and medical practices.
The silent nature of this complication makes their discovery late, often during progression to significant proteinuria or chronic renal failure [3,4]. However, early screening for albuminuria, associated with adapted management, could delay evolution toward severe complications, reduce hospitalizations, improve patients' quality of life and avoid progression to renal failure.

METHODOLOGY
This was a prospective longitudinal study with descriptive and analytical aims, covering the period from May 2023 to May 2025, for a duration of 2 years. The study was conducted at the Cocody University Hospital Center (CHU), one of the main reference institutions in Côte d'Ivoire. More specifically, it took place in the clinical hematology department. However, the nephrology department of the said CHU was also associated, particularly after screening for albuminuria for patient management and follow-up. Included in the study were: all sickle cell patients who had undergone a workup including albuminuria as part of follow-up; all sickle cell patients who filled out an informed consent form. Not included in the study were all sickle cell patients with known renal pathology unrelated to sickle cell disease; all patients receiving a renin-angiotensin pathway inhibitor (e.g., angiotensin-converting enzyme inhibitor or angiotensin receptor antagonist); all sickle cell patients who did not fill out the informed consent form.
Relevant information was collected using a standardized and structured survey form. This survey form constituted our main collection tool and contained sociodemographic characteristics (age, sex, place of residence), clinical (hemoglobin electrophoresis, frequency of vaso-occlusive crises, comorbidities, acute and chronic complications), biological (albuminuria, blood count, serum creatinine), therapeutic (background treatments) and evolutionary (renal or systemic complications).
Data collection was performed from medical records of sickle cell patients followed in outpatient consultation at the clinical hematology department of Cocody CHU. Direct patient consent was required as this was a prospective study. Data was treated with strict confidentiality. Data was collected systematically and standardized to ensure measurement reliability and compliance with study objectives.
· Sample Analysis
· Pre-analytical : urine collection and precautions taken
24-hour urine collection was done at home by patients, without preservative, with precautions (particularly outside of intense physical activity). Patients were recommended to note the time and duration of collection.
In the laboratory, it was necessary to mix the urine well and keep an aliquot for analysis, then centrifuge the urine sample at 3,000 g for 10 minutes before analysis to remove cells or other debris.
Urine samples could be stored for up to 72 hours maximum, between +2°C and +8°C. These were not frozen or acidified. No signs of bacterial urinary infection were observed on each sample.

· Dosage Technique

· Test used : The IFA albuminuria screening test was used for our study. 
This is a rapid test that allows urinary albumin dosing using the ECRAN fluorescence immunoassay analyzer, intended solely for in vitro diagnosis by healthcare professionals. The albumin test cassette (urine) is based on fluorescence.
Principle : The albumin test cassette (urine) detects albumin by fluorescence immunoassay. The sample moves through the strip, from the sampling buffer to the absorbent buffer. Urinary albumin competes with the albumin antigen deposited on the membrane. The less albumin the sample contains, the more anti-albumin antibodies conjugated to fluorescent microspheres are likely to be captured by the albumin antigen deposited on the membrane (test line). The albumin concentration in the sample is inversely proportional to the fluorescent signal intensity captured on the T line. Depending on the fluorescence intensity of the test and the calibration curve, the albumin concentration in the sample can be calculated by the analyzer to indicate the albumin concentration in the sample.
· Definition and Measurement of Results
Albuminuria was defined by the presence of albumin in urine ≥30 mg/24h. Microalbuminuria was defined by a rate of 30 to 300 mg/24h and macroalbuminuria at >300 mg/24h. Participants presenting albuminuria for at least 2 semiannual measurements (6 months), with regression rates of less than 50% were considered to have persistent albuminuria (PA). Two methods were used to calculate estimated GFR (eGFR) based on serum creatinine (eGFR-Cr): using the Schwartz formula in children up to 21 years and CKD-EPIOLOGY Collaboration (CKD-EPI) in adults. Hyperfiltration was defined by eGFR ≥140 mL/min/m². CKD was defined using the KDIGO guideline (Kidney Disease: Improving Global Outcomes CKD), which integrates eGFR and albuminuria. 4 types of treatment adherence measurements were used according to patients: patient self-reported adherence; patient-filled home logbook, count of remaining tablets and adherence estimate by the healthcare professional.
· Satistical Methods Used

Data was transferred to IBM SPSS statistics software, French version 24 for analysis. Simple entry of texts, tables and figures was done on Word and Excel software from Microsoft Office 2024 pack. Qualitative variables were described by proportions, while quantitative variables were described by mean and standard deviation. A descriptive analysis was performed to summarize quantitative variables (means, medians, standard deviations) and qualitative variables (frequencies, percentages). Comparisons between groups were performed using parametric tests (Student's t-test) as well as proportion tests (Chi-square test or Fisher's exact test). A multivariate analysis was conducted using binary logistic regressions to identify factors associated with albuminuria. Correlation analyses (Pearson or Spearman) were also performed to evaluate relationships between variables. The significance threshold was p < 0.05 for all analyses.

· Ethical considerations
Data collection was performed respecting patient anonymity and confidentiality of their information after informed consent. Informed consent was obtained from adult participants, and assent was obtained from minors, as appropriate, with written authorization from their legal guardians.

RESULTS

DESCRIPTIVES DATA
We collected 392 sickle cell patients in our study, among whom 144 had positive albuminuria. Hence a prevalence of 36.7%.
The most represented age group was 17 to 35 years with a mean age of 25.96 years, for a median of 25 years. The minimum age was 8 years and the maximum age was 66 years. A sex ratio of 0.45 was noted. Patients mainly resided in urban areas (90.3%); only 44% of patients benefited from medical coverage (health insurance).
The majority of patients were students or pupils (51.4%). 26.3% were unemployed. 68.8% of patients revealed having been previously hospitalized for a duration greater than one week.
The most frequently found reason was vaso-occlusive crises in 84.6%, favored by: malaria (23.1%), various infections (30.7%); vaccination status was not up to date in the vast majority of patients, at 75.7%.
The most listed acute complications in our patients were: acute chest syndrome (9.7%), acute osteoarthritis (4.2%).
Aseptic osteonecrosis of the femoral head was the most present chronic complication in our patients at 18.8%, followed by gallstones at 6.9%. The SSFA2 form was the most represented in our study, at 38.1%. Follow-up rhythm was irregular in 31.3% of patients. 63.2% had regular follow-up, every 3 months. Fever, pallor and jaundice were the most represented clinical signs in consultation, respectively at 22.9%; 31.3%; and 37.5%. Urinary signs were found in some patients: essentially hematuria (1.3%) and oligo-anuria (2.7%).
On the paraclinical level, hemoglobin level between 4-6 g/dl was the most represented at 61.1%. Among albuminuria cases, microalbuminuria was strongly represented at 88.9%; macroalbuminuria was found in 11.1% of patients. Of patients with albuminuria, 13.2% had elevated serum creatinine; while the rest had normal renal function (87.5%). 13.9% had eGFR <60 ml/min/1.73m², indicating undiagnosed CKD. Patients mostly evolved toward correction (63.9%). Only 6 cases (4.2%) progressed.
At M6 control, only 8.4% of patients had elevated serum creatinine.
Under treatment, good eGFR progression was noted, with only 9% of patients having eGFR at arrival. The vast majority of patients had normal or subnormal eGFR at M6.
Patients were mainly on ginko biloba (94%), folic acid (88.5%) hydroxyurea (62.5%).
Management consisted of either isolated hyperhydration (45.1%) or ACE inhibitor use (54.9%).
4 cases of death were recorded. 122 patients had stable evolution, while 18 presented recurrent crises. 
A statistically significant relationship was noted between albuminuria and baseline serum creatinine. P<0.05. Elevated serum creatinine was mainly associated with macroalbuminuria. Macroalbuminuria was mainly found in cases of SSFA2, SFA2 and SC hemoglobinopathy, respectively at 43.7%, 31.2% and 18.7%. ACE inhibitors are systematically used in patients with macroalbuminuria. Isolated hyperhydration seemed reserved for milder forms. P-value <0.05 statistically significant association between type of albuminuria and treatment received. Hyperhydration: the majority of patients had correction (78.5%), followed by those stable (13.8%).
ACE inhibitors: the majority of patients had correction (51.9%), followed by significant regression (21.5%) and moderate regression (12.7%). P <0.05 statistically significant relationship between treatment received and evolution. Treatment had a great impact on evolution.
P<0.05 statistically significant relationship between treatment received and serum creatinine at M6. Hyperhydration being reserved for less important forms of albuminuria, at M6, we did not note serum creatinine disturbances. On the other hand, ACE inhibitor use reserved for more important forms of albuminuria was associated with cases of persistent elevated serum creatinine at M6.
P<0.05 statistically significant relationship between age and serum creatinine at M6. Serum creatinine remained elevated mainly in young adults, non-adherent. In children and adolescents, serum creatinine remained normal.
Patients with poor adherence seemed more at risk of having macroalbuminuria, suggesting a potential impact of therapeutic adherence on the severity of renal involvement.
Statistical interpretation: While statistical analysis does not allow formal conclusion of a significant association (p > 0.05), a trend was observed (p = 0.099). 
· P<0.05 statistically significant relationship between adherence and serum creatinine at M6. Good therapeutic adherence was associated with less elevated serum creatinine. In patients with microalbuminuria (n = 128) :
· A vast majority (90 patients, i.e., 70.3%) corrected their condition at M6.
· Only 2 progressed (1.6%); therefore aggravation was rare under treatment.
· Others were distributed between moderate regression (9.4%), significant regression (7.8%) and stability (10.9%).
In summary, evolution under treatment was very favorable in patients with microalbuminuria, with little progression and many corrections.



DISCUSSION

1- Socio-demographic Data 
The present study evaluated albuminuria progression at Cocody CHU. The presence of albuminuria was found in 36.7% of patients. Other studies have found such high frequency exceeding 50% in patients with sickle cell disease [28]. Omar Niss et al in a multicenter longitudinal study in 2020, over 2 years found albuminuria prevalence at 32%, i.e., 1/3 of patients [5]. Ahmed M et al in Saudi Arabia in 2017 found a frequency of 25% albuminuria in sickle cell patients in hospital setting; King L et al in Jamaica found a prevalence of 18.4% in children with homozygous SS sickle cell disease. This slight difference may be due to the fact that these studies were limited to major homozygous SS forms. The sickle cell patient's kidney presents structural and functional abnormalities throughout the nephron. Repeated vaso-occlusions at the renal level, ischemic lesions cause decreased nephron mass with papillary necrosis, decreased renal concentration and acidification capacities, hematuria, increased potassium secretion, hypertension at the glomerular capillary level, increased permeability with proteinuria, which will be the cause of chronic renal failure.
Microalbuminuria is an early marker of glomerular involvement in sickle cell disease. Microalbuminuria is positive when it is greater than 30 mg/24 hours. When albuminuria exceeds 300 mg/24h it is considered macroalbuminuria or proteinuria [6]. In our study, 88.9% of patients were at the microalbuminuria stage, while 11.1% were already advanced to the macroalbuminuria stage. The age group of 17 to 35 years was the most represented (73.6%) with a mean age of 25.6 years, for extremes of 9 years to 56 years. This result is similar to those of Tia WM et al in Côte d'Ivoire who reported a frequency of 45% in subjects aged 20 to 29 years, with a mean age of 16.5 years. In Togo, Yao Layibo and al found a mean age of 22.5 years for extremes ranging from 6-55 years [29]. Omar Niss and al reported a mean age of 21 years for a range of 2-64 years [7]. From the similarity of these results, we could deduce that microalbuminuria frequency increases with age, with a frequency peak in young adults.
We found female predominance, with a sex ratio of 0.45. This result corroborates with the work of Imuetinyan B et al in Nigeria, and Alino M et al in DRC, in 2012 who found in their respective series female predominance, with respective sex ratios of 0.67 and 0.6% [8]. Omar Niss et al also found female predominance in their study at 54%. However, Yao Layibo et al in Togo [9] found male predominance with a sex ratio of 1.14. Similarly, several other studies suggest this potentially higher prevalence in men [10]. It is therefore crucial to consider albuminuria in all patients with sickle cell disease, regardless of their sex, and to implement regular monitoring to detect and treat any renal abnormality. We also observed an interesting association between female sex and albuminuria in our study. Female sex was associated with baseline albuminuria in multivariate analysis, but we did not find this association with PA. The relationship between sex and kidney diseases is not so simple. Although CKD affects more women than men, the rate of decline and progression of GFR is higher in men. The higher prevalence of kidney diseases in women may explain the association between baseline albuminuria and female sex in our study, although the eGFR decline rate was similar between both sexes.
The geographical distribution of patients was quite extensive across the entire national territory, in relation to literature data [11]. They were mostly Christian (56.3%) or Muslim (31.3%), residing mostly in urban areas (90.3%) versus 9.7% in rural areas. This could be explained by financial difficulties encountered by patients residing in rural areas, making access to specialized care difficult. The proximity concern is also to be emphasized. In addition, only 30.6% of patients had health insurance, which could justify irregular follow-up and poor adherence of patients with albuminuria.
The vast majority of patients were students or pupils (51.4%) in our study. According to Graal et al who found similar results in the United States in 2018, these professions are not necessarily associated with higher risk of developing albuminuria, but rather correspond to the most represented age group, adolescents and young adults being very often students or pupils. According to the literature, there is no specific profession that is more likely to be associated with albuminuria in people with sickle cell disease [12]. However, certain professions could exacerbate risks if they involve: dehydration (lack of fluid can worsen sickle cell crises and potentially affect the kidneys); exposure to extreme temperatures (cold can trigger crises, and heat can lead to dehydration); and intense physical effort (intense physical activities can worsen kidney problems) [13].

2- Clinical and Paraclinical Data
Regarding medical history, previous hospitalizations were noted in all patients. Hospitalizations of more than one week were found in 68.8% of patients, corroborating with data from Graal et al who noted a high proportion (76%) of previous long hospitalizations in patients with albuminuria [14]. The most found exposure factors were respectively: various infections (30.7%), malaria (23.1%), and cold (23.1%) as reported by several publications and literature data [33].
Vaccination status was not up to date for most patients (81.2%). MHD AS Kante et al found similar results in Morocco (72%) [16]. Arterial hypertension, G6PD deficiency and asthma were the most listed comorbidities in our study. The presence or absence of medical history remains variable data in patients with microalbuminuria, according to the literature. AS Kante et al found the presence of comorbidities in 34% of patients [17], while Drawz P et al in 24% [18]. More specifically, according to the literature, albuminuria, arterial hypertension (HTN) and sickle cell disease are three distinct medical conditions, but which can be linked, especially in patients with sickle cell disease. Albuminuria is an early sign of renal involvement, often associated with hypertension and can be a complication of sickle cell disease [19]. Note that HTN was the most found comorbidity in our study.
Several acute and chronic complications were noted in our patients: sickle cell retinopathy (6.3%), acute osteomyelitis (3.5%), osteoarthritis (4.2%), aseptic osteonecrosis of femoral heads (18.8%), priapism (2.1%), gallstones (6.9%), acute chest syndrome (9.7%), stroke (2.8%), leg ulcer (2.8%). According to the literature, in case of symptomatology suggesting sickle cell disease or its complications, it would be highly desirable to look for other complications, acute or chronic [20,17,19]. Our data therefore fits into this approach, with the presence of other chronic and acute complications highlighted in our study, as in other authors [21]. The presence of ACS has been found in many studies, notably MH Odièvre and al in 2022, who found a significant link between albuminuria and ACS [22].
Fever, pallor and jaundice were the most represented clinical signs in consultation, respectively at 22.9%; 31.3%; and 37.5%. This corroborates with the work of Ahmed M et al in Saudi Arabia, who found fever, jaundice and pallor in 70% of patients with albuminuria. AS KANTE and al found similar results with pallor and jaundice as main clinical signs, respectively at 86% and 60%. Similarly, we found predominance of the SSFA2 form at 40.2% (which could justify clinical signs), followed by the SC form at 32.6%. Drawz et al found similar results in 2016, with 44% homozygous SS forms, and 23% SC forms. From AS Kante et al's work, the SSFA2 form predominated at 67%. In Lomé on the other hand, the SC form predominated at 58%, while SSFA2 and SFA2 forms were represented at 42%.
An association was observed between albuminuria and anemia, an established marker of sickle cell disease severity, which can also be aggravated by decreased erythropoietin production secondary to kidney disease.

3- Therapeutic Data 
On the therapeutic level, no patient was on hydroxyurea.
Folic acid  and ginko biloba intake was predominantly represented at 79.9%. BOUANANI N. and al in Casablanca [23] also noted in their study the absence of hydroxyurea or poor therapeutic adherence in patients with microalbuminuria. According to the literature review, hydroxyurea plays an important role in sickle cell follow-up, preventing chronic complications, particularly renal ones. This could explain the high prevalence of sickle cell nephropathies in non-adherent patients or those not managed with hydroxyurea.
Microalbuminuria management consisted of either hyperhydration (45.1%) or ACE inhibitor use (54.9%). Evolution at M6 was good in the majority of cases (88.2%). This is in agreement with literature data: sickle cell nephropathy treatment is based on ACE inhibitors, avoiding nephrotoxic medications, adapted hydration and treatment of possible HTN. In case of sickle cell disease, introduction of hydroxyurea treatment could be considered. The presence of albuminuria should indicate ACE inhibitor use to avoid sickle cell nephropathy progression and progression to massive proteinuria. These data also corroborate with several previously conducted studies [24].
We found a statistically significant link between age and microalbuminuria, as well as between hemoglobin level and microalbuminuria. These links were absent for other different studied parameters. According to the work of Corine Pondarre et al in 2018, apart from age and low hemoglobin level, no clinical or biological parameter is recognized as a factor associated with renal involvement risk [25]. Evolution at M6 was good in the majority of cases (88.2%).
According to the literature review and numerous previous works [17, 20], by detecting and treating kidney problems from the earliest stages, microalbuminuria screening can help prevent or delay evolution toward end-stage renal failure. Our work fits into this logic by demonstrating that rapid management considerably avoids evolution toward established renal failure.  

4- Evolutionary Data
The association between albuminuria and CKD in sickle cell disease is poorly understood. We found that low albuminuria levels were less likely to be persistent, probably due to inherent albuminuria fluctuations. Only persistent, and not transient, albuminuria was associated with kidney diseases in children and adults without sickle cell disease. Previous longitudinal studies on sickle cell nephropathy have shown that albuminuria measurements are variable; nearly one-third of patients with albuminuria presented intermittent albuminuria over 2 years in the study, while only 9% of patients developed PA in another study. In our study, albuminuria was generally common; however, PA, and not just the presence of albuminuria, was associated with eGFR decline and CKD development in adults. Recently, Lebensburger and al [30] showed that in children with sickle cell disease, PA was associated with hyperfiltration. Although we did not find an association between hyperfiltration and PA, probably due to the wide age range of our study, we found that PA can be a marker of CKD in sickle cell disease, as it is correlated with rapid eGFR decline. Rapid eGFR decline is an increasingly recognized high-risk factor for ESRD and mortality in patients with CKD. Rapid eGFR decline was observed in one-third of adults with sickle cell disease followed longitudinally in a recent study and was associated with proteinuria (dipstick-based assessment), severe sickle cell phenotype, anemia, elevated systolic blood pressure, higher platelet and reticulocyte counts and lower body mass index [26]. In our study, which included both children and adults, eGFR decline was mainly associated with albuminuria in adults, but PA was associated with rapid eGFR decline at all ages. Together, these results demonstrate that macroalbuminuria and PA can be better markers of eGFR decline in sickle cell disease than simple albuminuria presence.
The strong association between albuminuria and age suggests cumulative and progressive nephropathy and is consistent with data reported in cross-sectional studies. Therefore, CKD and cardiopulmonary causes are the most frequent causes of premature mortality in young adults with sickle cell disease. Albuminuria is an early sign of glomerulopathy, and treatments aimed at preventing CKD in other diseases are generally considered when albuminuria is established. Based on albuminuria progression trajectory in our study, children from age 8 can develop albuminuria, and CKD from age 11. Our results emphasize the importance of early kidney disease detection and provide insight into albuminuria use in sickle cell nephropathy screening. Previous studies have shown that genetic modifiers confer increased risk of albuminuria and CKD progression. The presence of APOL1 risk alleles is associated with early albuminuria onset, even in young children [27]. Although we did not search for these genetic modifiers in our study, incorporating these modifiers could further improve screening accuracy for early kidney disease detection. Although new therapies have recently shown promising results in small studies aimed at stopping albuminuria and sickle cell nephropathy progression, powerful controlled and randomized trials are still needed to evaluate the safety and efficacy of these therapies. Our study provides new insight into albuminuria progression under treatment.


CONCLUSION
The prevalence of albuminuria in sickle cell patients was on average 36.7%. Albuminuria was more frequent and earlier in SSFA2 sickle cell patients. It can be encountered from age 8. Albuminuria was clinically associated with pallor, fever and jaundice; it was negatively correlated with hemoglobin level. Hydroxyurea intake could slow albuminuria occurrence. Hyperhydration and ACE inhibitor use considerably reduce progression toward renal failure. In case of non-management or poor adherence, evolution can be poor, toward end-stage renal failure, until death. In our study, albuminuria progressed with age, and adults with albuminuria presented eGFR decline. Macroalbuminuria predicted PA, which was associated with rapid eGFR decline and CKD development in adults with sickle cell disease. Albuminuria screening should be performed regularly in SS, SC, Sβ0-thalassemia and Sβ+thalassemia sickle cell patients from age 6, for early screening. Difficulties in 24-hour urine collection could compromise albuminuria diagnosis. Using ACR (albuminuria/creatininuria ratio) in future studies would be an interesting screening alternative.
Our results have important implications for clinical decision-making and aim to improve knowledge about sickle cell nephropathy progression. These results should provide essential information that could help refine the design of future natural history and therapeutic studies of sickle cell nephropathy, particularly with ACR as the studied biomarker this time.

5- Study Limitations
Our study presents several limitations. First, we had a relatively short follow-up period, and longer follow-up could be more informative. Second, we did not use a reference method to measure GFR. To account for this, we used 2 methods to estimate GFR, as the cystatin C method may be more sensitive to GFR decline in sickle cell disease. These estimates agreed best when eGFR was normal or low. Third, we used a single urinary albumin measurement at each time point. Given albuminuria variability, repeated measurements can improve albuminuria classification accuracy. Our study was designed intentionally to reduce participant burden during sample collection during routine equilibrium state visits. Finally, we used 24-hour albuminuria as a screening technique. Yet given the difficulties of 24-hour urine collection, it is preferable today to use ACR (albuminuria/creatininuria ratio) which gives better results.




Table I : Socio-démographique

	Parameters
	Effective n=144, %

	Age at diagnosis (years)
	

	8-16
	18 (12,5)

	17-35
	106 (73,6)

	36-55
	17 (11,8)

	56-60
	3 (2,1)

	Gender
	

	Male
	45 (31,2)

	Female
	99 (68,8)

	Residential areae
	

	 Rural
	14 (9,7)

	 Urban
	130 (90,3)

	Profession
	

	Trader
	18 (12,5)

	Entrepreneur
	1 (0,7)

	student/ school boy
	74 (51,4)

	Civil servant
	10 (6,9)

	Businessman
	1 (0,7)

	Computer scientist
	2 (1,4)

	Unemployed
	38 (26,3)

	Social security
	

	Yes
	58 (44)

	No 
	86 (64)

	Predisposing factors
	

	Malaria
	27 (23,1)

	Various infections
	36 (30,7)

	Cold
	27 (23,1)

	Unknown
	27 (23,1)

	Vaccination status
	

	Up to date
	27 (18,2)

	Not up to date
	117 (81,8)

	Chronic complications
	

	No
	95 (65,9)

	Yes
	49 (34,1)

	Pulmonary hypertension
	3 (2,1°

	Gallstones
	10 (6,9)

	Sickle cell retinopathy
	9 (6,3)

	Aseptic osteonecrosis of femoral heads
	27 (18,8)

	Acute complications
	

	Yes 
	30 (20,5)

	No
	114 (79,5)

	Acute osteomyelitis
	5 (3,5)

	Acute chest syndrome
	14 (9,7)

	Osteoarthritis
	6 (4,2)

	Stroke
	4 (2,8)




Table II : Clinical and Biological Characteristics of the Study Population

	Parameters
	Effective n=144, %

	Hemoglonin electrophoresis
	

	AS
	2 (1,3)

	SAFA2
	9 (6,3)

	SC
	43 (29,8)

	SFA2
	35 (24,3)

	SSFA2
	55 (38,1)

	Follow-up rhythm
	

	Irregular
	45 (31,3)

	Not available
	8 (5,6)

	Regular
	91 (63,2)

	Hemoglobin level
	

	]0-2[
	1 (1)

	]2-4]
	17 (24)

	]4-6]
	88 (61,1)

	]6-8]
	38 (27)

	]8-10]
	14 (10)

	]10-12]
	7 (5)

	]12-14]
	3 (2)

	Type of albuminuria
	

	Microalbuminuria
	128 (88,9)

	Macroalbuminuria
	16 (11,1)

	Serum creatinine
	

	>5
	3 (2)

	5-10
	63 (43,8)           (86,8) 

	10-15
	59 (41) 

	15-20
	10 (6,9)

	20-25
	5 (3,5)(3,2)


	25-30
	2 (1,4) 

	>35
	2 (1,4)

	eGFR 
	

	<60
	20 (13,9)

	60-99
	50 (34,7)

	100-159
	66 (45,8)

	160-199
	8 (5,6)



Table III: Six-Month Follow-Up of Renal Function Parameters in Patients with Hemoglobinopathies

	Parameters
	Effective n=144, %

	Evolution de l’albuminurie (M6)
	

	Valid  Correction
	92 (63,9)

	             Progression
	6 (4,2)

	             Regression >50% 
	19 (13,2)

	             Regression <50%
	12 (8,3)

	             Stable
	15 (10,4)

	Serum creatinine evolution (M6)
	

	Serum creatinine at M6    <5
	5 (3,5)

	                                   5-10
	98 (68,1)

	                                 10-15
	29 (20,1)

	                                 15-20 
	7 (4,9)

	                                 20-25
	1 (0,7) 

	                                 30-35
	2 (1,4) (8,4


	                                 >35
	2 (1,4)

	eGFR evolution at M6
	

	eGFR  (M6)              <60
	13 (9)

	                                60-99
	29 (20,1)

	                              100-159
	85 (59)

	                              160-199
	17 (11,8)
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