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ABSTRACT

Introduction: Sickle cell nephropathy involves both glomerular and tubular abnormalities that begin early in childhood.
This study aimed to describe the profile of renal involvement in children with homozygous SS sickle cell anemia followed

in Mbujimayi.

Methods: A comparative cross-sectional study was conducted among 71 children with homozygous SS sickle cell anemia
and 71 HbAA controls. The renal abnormalities investigated included microalbuminuria, proteinuria, and urinary density

abnormalities.

Results: The overall prevalence of renal involvement was 90,1% in sickle cell children compared to 54.9% in the control
group. Microalbuminuria was the most frequent abnormality (67,6%), followed by proteinuria (21,1%). Sickle cell children
had significantly lower hemoglobin levels (7,43 = 1,70g/dL vs 12,50 + 0,79 g/dL; p < 0.001). Patients with proteinuria were

predominantly aged 9 to 10 years and had a BMI < 14 kg/m?.

Conclusion: Renal involvement is frequent and occurs early in sickle cell children in Mbujimayi. Microalbuminuria remains

the primary marker for early screening.
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Introduction

Sickle cell anemia is a hereditary genetic disease with autosomal
recessive transmission, characterized by a qualitative abnormality
of hemoglobin linked to the presence of hemoglobin S (HbS).
Under hypoxic conditions, this abnormal hemoglobin polymerizes,
causing red blood cells to deform into a sickle shape, becoming
sickle cells. This sickling is initially reversible but progressively
becomes irreversible after several successive cycles of sickling

and unsickling [1,2].

Under conditions of physiological stress—such as cold,
dehydration, fever, hypoxia, or acidosis—the polymerization of
deoxygenated HbS is promoted, thereby accentuating the sickling
of red blood cells [1]. These phenomena are responsible for chronic
hemolysis, repeated vaso-occlusive crises, and progressive tissue
damage that can affect multiple organs [1,2].

The natural history of the disease is marked by the occurrence of
acute and chronic complications that can affect various organs,
notably the heart, lungs, kidneys, brain, liver, bones, eyes, and
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the urogenital system [3]. Among these complications, renal
involvement, scientifically termed sickle cell nephropathy,
constitutes a significant cause of morbidity and mortality. This
pathology results from complex mechanisms involving renal
medullary hypoxia, glomerular hyperfiltration, chronic hemolysis,
and repeated vaso-occlusive episodes [4].

Renal involvement in sickle cell patients is frequent and often
silent in its early stages. It can manifest through several urinary and
functional abnormalities, including microalbuminuria, proteinuria,
hyposthenuria, and, at an advanced stage, chronic kidney disease.
Its frequency increases progressively with age and disease severity
[5.6].

Microalbuminuria represents one of the earliest manifestations of
sickle cell nephropathy. It reflects early glomerular damage and
serves as an important predictive marker for progression toward
persistent proteinuria and, eventually, chronic kidney disease [7,8].

In children with sickle cell anemia, this abnormality can appear
within the first years of life, and its frequency increases progressively
with age. Several studies have shown that microalbuminuria
is associated with various factors such as chronic hemolysis,
glomerular hyperfiltration, arterial hypertension, and recurrent
vaso-occlusive crises [1,7,8].

Despite its clinical significance, microalbuminuria often remains
underdiagnosed in resource-limited settings due to a lack of access
to specialized laboratory tests. However, early screening allows
for the identification of at-risk patients and the implementation of
therapeutic interventions capable of slowing progression toward
chronic kidney disease [1,9,10].

Over the past decades, the survival of patients with sickle cell
anemia has significantly improved due to advances in diagnosis and
medical management. However, sickle cell nephropathy continues
to contribute substantially to the reduction of life expectancy in
these patients [1,8].

It is within this context that we initiated this study, aiming to
contribute to the early screening of renal involvement in sickle cell
children followed at the pediatric clinic, using a simple, accessible,
and low-cost tool: the urine test strip [1,10].

Methods

Study Setting

This study was conducted in the city of Mbujimayi, the capital
of Kasai-Oriental province in the Democratic Republic of the
Congo, specifically at the Mbujimayi Pediatric Clinic. This facility
provides regular follow-up for children with sickle cell disease.

Figure 1: City of Mbujimayi in Democratic Republic of Congo.

Study Type and Period

This was a cross-sectional, analytical, and comparative study
conducted over a five-month period, from November 6, 2025, to
March 5, 2026.

Study Population

The study involved two groups of children:

e Cases: Children with homozygous SS sickle cell anemia
confirmed by hemoglobin electrophoresis.

e Controls: Non-sickle cell children (HbAA) recruited during
general consultations.

Inclusion Criteria

Cases

e Confirmed homozygous SS sickle cell anemia;

*  Aged 12 months to 10 years;

¢ Followed for at least three months;

*  Evaluated during a steady-state (intercritical) phase.

Controls

*  Non-sickle cell status confirmed by electrophoresis;
* Aged 12 months to 10 years;

e Matched to cases by age and sex;

e No known renal pathology.

Exclusion Criteria

The following were excluded from both groups:
e Active urinary tract infection;

*  Fever at the time of sampling;

e Known diabetes;

*  Known hypertension.

Sampling

Non-probability convenience sampling was used. Participants
were recruited consecutively from among patients meeting the
inclusion criteria during the study period.
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Data Collection

Socio-demographic, clinical, and biological data were collected
from medical records and clinical examinations. Studied variables
included:

*  Age, sex, weight, and height;

*  Body Mass Index (BMI);

*  Blood pressure;

*  Vaso-occlusive crises and hospitalizations;

*  Transfusion history and malaria episodes;

*  Duration of follow-up.

Urinalysis

Renalinvolvement was assessed using an automated multiparameter
urine test strip. Urine collection was performed as follows:

*  Mid-stream urine for children aged 5 years and older;

»  Sterile collection bags for children under 5 years old.

Urine was analyzed within two hours of collection. Test strips were
read using an automated reader. Parameters investigated included:
*  Microalbuminuria and proteinuria;

¢ Hematuria;

*  Specific gravity (urinary density).

Operational Definition of Renal Involvement

Renal involvement was defined by the presence of at least one of
the following:

e Microalbuminuria;

e Proteinuria;

*  Low specific gravity.

Microalbuminuria was considered positive based on thresholds
provided by the automated reader. Proteinuria was deemed
significant at values $\ge 0.15 g/L.
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Figure 2: Urine Dipstick.

Figure 3: Urine Dipstick Reader
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Figure 4: Hematology Analyzer
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Variables of Interest

e Dependent Variable: Presence of renal involvement.

e Independent Variables: Age, sex, BMI, blood pressure,
number of vaso-occlusive crises, transfusion history, malaria
episodes, and duration of follow-up.

Statistical Analysis

Data were entered in Microsoft Excel 2016 and analyzed using R

Studio software (version 2026.01.0).

e Quantitative variables: Expressed as mean $\pm$ standard
deviation.

e Qualitative
proportions.

*  Group comparisons: Student's t-test or Mann-Whitney test
for quantitative variables; Chi-square or Fisher's exact test for
qualitative variables.

variables: Presented as frequencies and
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Bivariate and multivariate analyses using logistic regression were
performed to identify factors associated with renal involvement.
Results were expressed as Odds Ratios (OR) with 95% confidence
intervals. The threshold for statistical significance was set at (p <
0.05).

Results

Prevalence of Renal Involvement

The overall prevalence of renal involvement—defined as the
presence of at least one renal abnormality (microalbuminuria,
proteinuria, or low specific gravity)—was 90.1% in children with
sickle cell anemia, compared to 54.9% in the control group.

Microalbuminuria was the predominant renal abnormality among
sickle cell subjects, presenting with a prevalence of 67.6%. This
was followed by proteinuria, which accounted for 21.1% of the
cases.
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Figure 5: Prevalence of renal involvement types in the two study groups
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Figure 6: Prevalence of renal markers in the two groups.

The overall prevalence of renal involvement in children with sickle
cell anemia was 90.1% compared to 54.9% in the control group.
Microalbuminuria represented the most frequent renal abnormality
in sickle cell patients with a prevalence of 67.6%, followed by
proteinuria observed in 21.1% of cases.

General Characteristics
This table presents the general characteristics of the study
population (sickle cell patients and controls).

Table 1: Distribution of cases and controls according to socio-demographic
parameters.

Cases Controls

Frequency (%) | Fréquency (%) | p-Value
Age (years) 0,59
Mean +SD 7.41x1.97 7.21+2.17
6-8 30 (42.3%) 32 (45.1%)
9-10 26 (36.6%) 23 (32.4%)
3-5 15 (21.1%) 14 (19.7%)
1-2 0 (0.0%) 2 (2.8%)
Sex 0.06
Male 43 (60.6%) 32 (45.1%)
Female 28 (39.4%) 39 (54.9%)
Weight (Kg) < 0,001
Mean + SD 15.41 £+ 5.95 23.30+7.14
<12 31 (43.7%) 2 (2.8%)
17-20 16 (22.5%) 19 (26.8%)
>21 16 (22.5%) 43 (60.6%)
13-16 8 (11.3%) 7 (9.9%)
BMI (kg/m?) <0,0001
<14 57 (80.3%) 8 (11.3%)
14-18,5 14 (19.7%) 49 (69.0%)
> 18,5 0 (0.0%) 14 (19.7%)

Sex-ratio : 1.2

The study included 142 children divided into two groups of 71
subjects each. The mean age was 7,41 + 1,97 years in sickle cell
patients compared to 7.21 + 2.17 years in controls (p = 0.59).
Sickle cell children had significantly lower weight and BMI than
the controls (p < 0.001).

Factors Associated with Microalbuminuria
Table 2 Distribution of Microalbuminuria According to Socio-
Demographic and Clinical Characteristics.

This table compares socio-demographic and clinical factors
associated with the occurrence of microalbuminuria.

After multivariate analysis, the factors independently associated
with renal involvement were age 6 to 8 years (aOR = 11,95; p =
0.001), frequent hospitalizations (aOR = 3.51; p = 0.05), repeated
malaria episodes (aOR = 2.30; p = 0.04), the occurrence of at least
five vaso-occlusive crises per year (aOR = 1.52; p = 0.009), and a
follow-up duration of more than 49 months (aOR =3.03; p=0.01).
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Table 2 : Comparison of socio-demographic and clinical factors with the occurrence of microalbuminuria among cases and controls.

Cases TEMOINS
MAL + MAL - MAL + MAL -
n (%) n (%) X2 P-Value n (%) n (%) X2 P-Value

Age (years)
6-8 25 (48,1%) 5 (26,4%) 8 (53,3%) 5 (26,4%)
9-10 20 (38,5%) 6 (31,5%) 7,14 0,028 4 (26,7%) 6 (31,5%) 1,23 0,742
3-5 13 (13,4%) 8 (42,1%) 13 (13,4%) 8 (42,1%)
1-2 0 0 0 2 (3,6%)
BMI
<14 45 (86,5%) 12 (63,2%) 3 (20,0%) 5 (8,9%)
14 - 18,5 7 (13,5%) 7 (36,8%) 41,80 0,03 8 (53,3%) 41 (73,2%) 2,43 0,297
> 18,5 0 0 4 (26,7%) 10 (17,9%)
Hypertension
No 45 (86,5%) 18 (95,7%) 15 (100%) 55 (98,2%)
Yes 7 (13,5%) 1(5,3%) 31,1 0,004 0 1 (1,8%) 0,27 0,602

In children with sickle cell anemia, microalbuminuria was significantly associated with age (p = 0.028), a BMI < 14 kg/m? (p = 0.03),
and arterial hypertension (p = 0.004).

Factors Associated with Renal Involvement
Table 3: Factors associated with renal involvement in sickle cell patients (Logistic Regression).

Variables Crude OR [IC95%] p-Value Ajusted OR [1C95%] p-Value

Age (years)

<5 — — —
6-8 23,14 [4,01-42,5] < 0,001 11,95 [2,01-17,25] 0,001
9-10 8,30[2,01-13,9] 0,002 3,32 [1,92-5,60] 0,009
Hospitalizations/year

0 _ _
1-3 1,25 0,24-6,59] 0,68

>4 3,04 [1,14-67,56] 0,03 3,51 [2,08-145,45] 0,05
Hemoglobin (g/dL)

<5 — — —
6-8 0,16 [0,22-6,26] 0,001 0,54 10,11-0,81] 0,006
>9 0,28 [0,03-2,92] 0,32

Malaria episodes/an

<5 — —

> 5 épisodes/an 5,26 [2,06-10,18] 0,001 2,30 [1,08-8,17] 0,04
VOC/ year

<5 —

>5 2,19 [1,12-12,14] <0,0001 1,52 [1,14-7,14] 0,009
Fellow-up duration(months)

<24 — — —
2548 1,25[1,16-9,54] 0,02 1,26 [1,23-7,03] 0,79
>49 2,76 [2,12-61,66] 0,004 3,03 [2,16-59,20] 0,01
Discussion children with sickle cell anemia was 90.1%, with a predominance

This study aimed to evaluate the prevalence of renal involvement
in children with homozygous SS sickle cell anemia followed
at the Mbujimayi Pediatric Clinic, as well as to identify factors
associated with its occurrence. Our findings demonstrate a high
frequency of renal abnormalities in sickle cell children compared

of microalbuminuria (67.6%) followed by proteinuria (21.1%).
This frequency is higher than those reported in Guinea by AS Kante
etal. (37.5%), in Nigeria by IE Ocheke et al. (26%), in Uganda by
Mawanda et al. (28.2%), as well as in the DRC by Michel N. Aloni
(18%) and Betukumesu et al. (38.3%) [11-14].

to controls, with a strong predominance of microalbuminuria.

These data confirm that renal involvement constitutes a frequent

and early complication of pediatric sickle cell disease.

In this study, the overall prevalence of renal involvement in

This markedly higher difference could be explained by the lack
of hydroxyurea therapy among our patients, the high frequency
of vaso-occlusive crises and chronic hemolysis, and also by
methodological differences between the studies [1,4,8,9,15].
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Microalbuminuria, the primary abnormality found in our cohort,
is recognized as the earliest marker of sickle cell nephropathy.
Our results corroborate the data from Pondarré and Ataga, which
demonstrate that albuminuria increases progressively with age
under the compounding effects of glomerular hyperfiltration,
chronic hemolysis, and repeated vaso-occlusive phenomena [4,16].
Children with sickle cell disease in our cohort had significantly
lower hemoglobin levels, body weight, and body mass index
(BMI) compared with controls, reflecting the impact of chronic
anemia and hypercatabolism, as previously reported in several
African studies [1,17,18].

Furthermore, advanced age, repeated vaso-occlusive crises,
frequent malaria episodes, and recurrent hospitalizations were
significantly associated with renal involvement. These results
align with those of Delbert et al., Betukumesu et al., and Aygun
et al., who demonstrated that the clinical severity of sickle cell
disease promotes the progression of both glomerular and tubular
injuries [14,19,20].

Finally, our results highlight the importance of early
microalbuminuria screening in children with sickle cell anemia,
particularly in resource-limited countries. In these settings, the
urine test strip remains a simple, accessible, and low-cost tool for
the early identification of patients at risk of progression toward
chronic kidney disease [1,9,10].

Conclusion

This study demonstrated a high frequency of renal involvement
among children with homozygous sickle cell disease (HbSS),
predominantly characterized by microalbuminuria. Age, recurrent
vaso-occlusive crises, frequent malaria episodes, and repeated
hospitalizations were the main associated factors. These findings
highlight the importance of early screening for renal involvement
in children with sickle cell disease using simple and accessible
tools such as urine dipstick testing, in order to prevent progression
to chronic kidney disease.

Current State of Knowledge on Renal Involvement in Sickle
Cell Disease

Renal involvement is one of the most frequent and severe chronic
complications of sickle cell disease. It often begins during
childhood and progressively evolves into sickle cell nephropathy,
which may lead to chronic kidney disease. Microalbuminuria is
considered one of the earliest markers of renal damage in children
with sickle cell disease. Several African and international studies
have shown that its prevalence increases with age and is associated
with chronic anemia, hemolysis, and recurrent vaso-occlusive
crises. Early screening for renal involvement is therefore essential
to improve management and prevent progression to severe renal
complications.
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