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Abstract

Background: Sickle cell anemia (SCA) is considered a major risk factor for renal complications. The main goal of this study
was to determine the frequency of macroalbuminuria and microalbuminuria in Congolese children <18 years of age suffer-
ing from Sickle cell anemia and to identify associated factors.

Methods: The cross-sectional study was completed in 150 hemoglobin-SS children (77 boys and 73 girls). Microalbuminuria
was defined by a urine albumin:creatinine ratio of 30–299 mg/g.

Results: The mean age of this group was 8.8 6 4.3 years (range 2–18). Microalbuminuria was found in 27 children (18%). In
multivariate logistic regression, only age emerged as a determinant of microalbuminuria odds ratio 1.11 (95% confidence in-
terval 1.00–1.22); P¼0.042].

Conclusions: In our series, only age was a major determinant of the occurrence of microalbuminuria. These results confirm
the need for early screening of microalbuminuria in Congolese children suffering from Sickle cell anemia in a context where
access to renal and bone marrow transplant is nonexistent.
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Introduction

Sickle cell anemia (SCA) is an autosomal recessive genetic dis-
ease characterized by the presence of an abnormal hemoglobin
(Hb), hemoglobin S (Hb-S). The disease is characterized by vaso-
occlusive, hemolytic crises and organ damage [1]. Renal involve-
ment is one of the chronic complications and a major factor of
early death [2, 3]. Previous studies reported that renal complica-
tions occur in 5–18% of sickle cell children and adolescents and
>9% of deaths in young adults were due to complications re-
lated to kidney disease [3–5].

Sickle cell nephropathy (SCN) is clinically characterized by
glomerular disease, with the appearance of significant protein-
uria preceded by a microalbuminuria and progressing gradually
to chronic kidney failure [4–6]. The pathogenesis of SCN in-
cludes chronic hypoxia, ischemia, low pH of the renal medulla
and oxidative stress, decreased nitric oxide bioavailability, en-
dothelial dysfunction, membranoproliferative glomerulonephri-
tis and focal segmental glomerulosclerosis, and genetic factors
such as MYH9 and APOL1 have been involved in the develop-
ment of proteinuria [4, 7–10]. The progression to end-stage renal
disease is at least nearly uniformly accompanied by proteinuria
in SCA [4–6].

Microalbuminuria, which occurs in the subclinical phase of
SCN, appears in the first decade of life and precedes the appear-
ance of massive and persistent proteinuria. This microalbumi-
nuria has been identified as an early marker for glomerular
dysfunction [4, 11]. The reported prevalence of microalbuminu-
ria varies across studies in Western countries, sub-Saharan
countries and India [12–16].

Despite the high prevalence and incidence of the disease,
sub-Saharan Africa remains one of the geographical areas from
which there is limited information about SCN [17–19]. The
Democratic Republic of Congo (DRC) is the country second most
affected by SCA in Africa. A recent population-based study esti-
mated the incidence to be between 40 000 and 50 000 newborns
per year [20]. Tshilolo et al. [21] further showed that Congolese
sickle cell patients had low levels of fetal Hb (HbF) and F cells.
This situation is considered to be a major risk factor associated
with renal complications [4, 22]. Aloni et al. [23] recently re-
ported that among the pediatric population suffering from SCA,
30% had glomerular hyperfiltration and 2% had macro-
proteinuria. To our knowledge, no information about microal-
buminuria in Congolese patients suffering from SCA has been
published to date.

Here, we conducted a cross-sectional study among children
suffering from SCA. The main goal of this study was to deter-
mine the prevalence of microalbuminuria and to identify asso-
ciated factors. Our ultimate goal was to develop a basis for the
implementation of effective preventive interventions. In this re-
port, the prevalence of microalbuminuria and associated factors
were estimated in Kinshasa, the capital of the DRC, and the re-
sults compared with other reports, especially those concerning
African populations.

Materials and methods
Study participants

The cross-sectional study was completed between August 2011
and March 2012 in four health institutions located in Kinshasa,
the largest city and capital of the DRC. Kinshasa is administra-
tively divided in to four districts (Lukunga, Mont Amba, Funa
and Tshangu). One health institution was selected from each

district. These hospitals provide most of the paediatric beds for
sickle cell patients. The four paediatric health facilities selected
were the University Hospital of Kinshasa (Mont Amba), the
Centre de Santé de Mbinza/Delveaux (Lukunga), the Centre
Hospitalier de Kingasani (Tshangu) and the Sickle Cell Center of
Yolo (Funa). SCA children 2–18 years of age who were attending
outpatient clinics at the four health facilities were consecutively
enrolled during the period of the study.

Data and sample collection

The following formula was used to estimate the minimum size
of the study population: n¼Z2pq/d2, where n¼ sample size,
Z¼ confidence level at 95% (1.96), p¼proportion of the target
population with microalbuminuria, q¼proportion of the target
population without the characteristic of the study population
(0.89) and d¼degree of accuracy (0.05). The prevalence of 11%
found recently among Nigerian children was the reference
value for this study [18]. The minimum sample size was esti-
mated at 150 children. In this study, 157 children were recruited
in total.

All patients were free of pain for at least 15 days and had not
been hospitalized or transfused for at least 100 days before the
study. Children with prior known proteinuria, hypertension, di-
abetes, human immunodeficiency virus (HIV), hepatitis C virus
and renal and/or cardiovascular diseases were excluded.
Children undergoing hydroxyurea (HU) therapy were also ex-
cluded. HU increases the levels of HbF and inhibits polymeriza-
tion by reducing the Hb-S concentration [24]. Thus HU could
delay kidney damage by prevention of the development of overt
nephropathy or delaying the progression of sickle cell disease
nephropathy, as reported by previous studies [24, 25].

All children were examined. The following clinical and labo-
ratory information was collected and analyzed: (i) demographic
characteristics, (ii) the number of transfusions, (iii) blood pres-
sure, (iv) creatinine, (v) proteinuria and (vi) microalbuminuria.
We used hospital-based data for the number of transfusions
and additional information recorded from sickle cell patients,
including different sickle cell crises and organ complications
that had occurred in the past. Seated blood pressure was
measured twice on the left arm after 5 min of rest using a cali-
brated aneroid sphygmomanometer for paediatric patients
(WelchAllyn, Hechingen, Germany) at the heart level. The blood
pressure categories were normal, hypertension and hypoten-
sion and were defined according to age- and height-specific per-
centiles, as appropriate [26]. Blood samples were collected from
all subjects. Sickle cell screening was performed using the iso-
electric focusing technique with the Multiphor II apparatus (GE
Healthcare, Buckinghamshire, UK).

Five milliliters of venous blood were drawn from each study
participant into an Ethylenediaminetetraacetic acid tube, used
to determine hematologic parameters. Hematologic parameters
were performed using a Sysmex XS-1000i automated haematol-
ogy analyzer (Sysmex, Corporation, IL, United States of America).

Three milliliters of blood were drawn into ethylenediamine-
tetraacetic acid (EDTA) tubes by venipuncture. The plasma,
once separated from the blood by centrifugation, was used for
estimation of creatinine. No dietary restrictions were imposed.
This test was performed in the Clinical Biochemistry Laboratory
of the University Hospital of Kinshasa. Creatinine estimation
was performed by the enzymatic method with a Cobas C111 ap-
paratus (Roche Instrument Center, Rotkreuz, Switzerland).

For estimated glomerular filtration rate (eGFR) calculation
we used the new Q(height)-eGFR equation, which is considered
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to be an excellent screening tool for kidney disease in 1–25-
year-old children, adolescents and young adults: eGFR¼ 107.3/
(SCr/Q), where SCr is serum creatinine (in mg/dL) and with
Q¼ 3.94 – 13.4 � Lþ 17.6 � L2 – 9.84 � L3þ 2.04 � L4 (L¼height in
meters) [27]. Hyperfiltration was defined as an eGFR <140 mL/
min/1.73 m2 [28].

A morning fresh urine sample was collected in the labora-
tory from each participant. Urine was directly treated after
collection. Standard urine dipstick screening for macroalbumi-
nuria was performed using Combur 10 tests (Roche Diagnostics,
Mannheim, Germany). Urine culture was systematically per-
formed for infection or guided by the existence of urinary symp-
toms. Children were considered to have macroalbuminuria if
three consecutive urinalyses were at least 1þpositive.

Urine samples with negative dipstick proteinuria were tested
for their urinary albumin excretion rate, which was expressed as
the urinary albumin:creatinine ratio using the immuno-
turbidimetric method with DCA Bayer 2000R reagent (Siemens
Healthcare Diagnostics, Victoria, NSW, Australia).
Microalbuminuria was defined as a urine albumin:creatinine
ratio of 30–299 mg/g.

For this study, 157 children were recruited, of which 7 were
excluded: 1 for the presence of anti-HIV antibodies, 2 for hema-
turia and 4 for urinary tract infection.

Ethical approval

For every child participant, written informed consent was ob-
tained from parents or legal guardians on behalf of the child.
This consent form and the study were reviewed and approved
by the National Ethical Committee of the Public Health School
of the University of Kinshasa, Kinshasa, DRC, in compliance
with the principles of the Helsinki Declaration II. Pseudonyms
are used for the children to ensure confidentiality.

Data analysis

The validated data were entered into a computer using EPI info
version 6.0 (Centers for Disease Control, Atlanta, Georgia, USA).
The analysis was performed using Stata version 14.1 (StataCorp,
College Station, Texas, United States of America). Continuous
variables were expressed as mean 6 SD or median [interquartile
range (IQR)] and categorical variables as relative frequency in
percent. Patient characteristics were presented by comparing
those with and without microalbuminuria. The Levene test was
used to check the homogeneity of variance. Continuous vari-
ables were compared using the Student’s t-test, the two-sample
t-test with unequal variances or the Mann–Whitney U-test as
appropriate. For categorical variables, we used the chi-square of
Fisher’s exact tests as appropriate. A logarithmic transforma-
tion was applied to normalize the distribution of the albu-
min:creatinine ratio. The associations between age and
albumin:creatinine and age versus estimated Glomerular
Filtration Rate were measured by the Pearson correlation coeffi-
cient and visualized by dispersion patterns.

Logistic regression analysis was used to identify baseline
characteristics associated with microalbuminuria. The odds ra-
tio (OR) was estimated for the factors that have a significant ef-
fect. P-values <0.05 were considered statistically significant.

Results

A total of 150 patients (77 boys and 73 girls) were analyzed.
Their mean age was 8.8 6 4.3 years. Four patients presented

with macroproteinuria. Microalbuminuria was detected in 27/
146 (18.5%) sickle cell children.

Table 1 shows the clinical and biological characteristics of
the sickle cell children in this study. The mean age was signifi-
cantly higher in sickle cell children with microalbuminuria than
in those without microalbuminuria (10.5 6 4.3 versus
8.4 6 4.3 years; P¼ 0.023). The mean level of albuminuria among
patients with microalbuminuria was 78.85 6 51.29 mg/g com-
pared with 13.80 6 6.12 mg/g among patients without microal-
buminuria. A borderline difference in white blood cell number
was observed between the two groups (P¼ 0.048). The mean of
eGFR tended to be higher in sickle cell children with microalbu-
minuria compared with those without microalbuminuria.
However, a statistically significant difference was not observed.
Other variables considered did not significantly differ between
the two groups (Table 1).

No significant relationship was found between age and
the log albumin:creatinine ratio (Pearson r¼ 0.02; P¼ 0.814)
(Figure 1). On the other hand, a positive association was
observed between eGFR and age (Pearson r¼ 0.39; P< 0.001)
(Figure 2).

Table 2 presents an analysis of the determinants of microal-
buminuria. In univariate analysis, the age of the children and
the number of white blood cells were significantly associated
with microalbuminuria.

A multiple logistic regression model was developed to adjust
the age and number of white blood cells that were significantly
associated with microalbuminuria in simple analysis. In this
model, only age emerged as an independent determinant of
microalbuminuria. The rating of microalbuminuria increased by
1.11 with each year of age. This relationship is clearly shown in
Figure 3, which shows a linear increase in log10 of microalbumi-
nuria as a function of age. We tested the quadratic term of age
in this model but it was not significant.

Discussion

To our knowledge, no previous reports have analyzed renal dys-
function and microalbuminuria in children suffering from SCA
in the DRC. In the present report, the prevalence and determi-
nants of microalbuminuria in sickle cell patients are assessed in
this part of the world for the first time.

The prevalence of microalbuminuria was 18.5% in this co-
hort. Similar results have been reported in several studies
worldwide with frequencies ranging from 18 to 23% [11–15, 18,
29–33], but lower than the 27 and 28% reported in a cohort of pa-
tients from Cameroon, Côte d’Ivoire, Mali and Senegal [34] and
in Uganda [19]. However, the low frequency of microalbuminu-
ria in the present study can probably be associated with envi-
ronmental and genetics factors, as well as the age of the study
population, as presented in Table 3. Due to the absence of a na-
tional registry in the DRC, further studies are required to con-
firm and identify the genetic and environmental factors
contributing to the low prevalence of microalbuminuria in the
Congolese sickle cell pediatric population.

In our study, the mean age of the sickle cell children with
microalbuminuria was significantly higher compared with chil-
dren without microalbuminuria (10.5 6 4.2 years). Furthermore,
the proportion of microalbuminuria in sickle cell children >9
years of age was 66.7%. Our findings corroborate those of a pre-
vious study, which reported 62% of microalbuminuria among
children >10 years of age in the USA [29] .

The probability of having microalbuminuria increased with
age (P¼ 0.009) in our cohort. This trend has been previously
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reported by others. Wigfall et al. [30] reported a prevalence of
6.2% among children of pediatric age, 10% among adolescents
and >17% in adults. McPherson Yee et al. [35] similarly reported
a prevalence of 6.9% among patients from 2 to 6 years of age,
20.0% for those from 7 to 12 years of age and 35.7% from 13 to
19 years of age {OR 1.43 [95% confidence interval (CI) 1.20–1.71];
P< 0.0001}. Age is a factor that is well-known to be associated
with the risk of kidney damage in sickle cell patients [4].
Glomerular obsolescence and a decline in renal vascular flow
are counted among the factors that explain the involvement of
age in the progression of renal disease [4, 36]. Puberty is also an
important factor in this process, as from the onset of puberty
there is increased expression of the Insulin-like growth factor 1
(IGF-1) cytokine and growth hormone [37].

In the present report, the mean occurrence of microalbuminu-
ria was around �4 years of age. Hence, in our cohort, the mean
age of occurrence of microalbuminuria was earlier compared with
the average of 7 years of age in the medical literature [12, 13].

In this study, the youngest child with microalbuminuria was
2 years of age. In their series, Marsenic et al. reported the presence
of microalbuminuria in children of 2 and 4 years of age [29, 38].

However, Dharnidharka et al. [12] and McBurney et al. [13] found
no microalbuminuria in children <7 years of age in the USA. Our
findings suggest that microalbuminuria may occur very early in
sickle cell children in the DRC. This early achievement of glomer-
ular function could be explained by the presence of related factors
including genetic predisposition, the low levels of HbF and F cells
in Congolese patients, environmental factors and the quality of
care and lifestyle in a developing country [20, 39]. These factors
have not been studied in this report.

In this investigation, the occurrence of microalbuminuria
tended to be higher in girls (23%) than in boys (13.9%). Similar
observations have been reported in previous studies [12, 18, 32].
Nevertheless, there was no statistically significant relationship
between microalbuminuria and gender in these reports. In stud-
ies where females have been suggested to be more likely to de-
velop microalbuminuria, the girls had a more precocious
puberty than boys. This puberty could play a determining role
in the development of microalbuminuria due to increased ex-
pression of IGF-1 [37].

Systolic blood pressure was significantly higher in the SCA
children with microalbuminuria (100 mmHg) than in SCA

Table 1. Patient characteristics as a function of microalbuminuria

Variables All (n ¼ 150) No microalbuminuria (n ¼ 123) Microalbuminuria (n ¼ 27) P-value

Age (years) 8.8 6 4.3 8.4 6 4.3 10.5 6 4.3 0.023
Gender, boys (%) 51.3 53.7 40.7 0.224
Number of transfusions 1.5 (1.0–3.0) 2.0 (0.0–4.0) 1.0 (1.0–3.0) 0.925
BMI (kg/m2) 14.9 6 2.3 14.8 6 2.2 15.3 6 2.5 0.348
Blood pressure (%) 0.253

No hypertension 91.3 92.7 85.2
Hypertension 8.7 7.3 14.8

Hemoglobin (g/dL) 7.2 6 1.1 7.2 6 1.1 7.5 6 1.2 0.115
White blood cells (�103/lL) 11.9 6 3.5 12.1 6 3.6 10.7 6 2.7 0.048
Serum creatinine (mg/dL) 0.4 (0.3–0.5) 0.4 (0.3–0.5) 0.3 (0.3–0.6) 0.771
eGFR (mL/min/1.73m2) 123 6 51 119 6 47 139 6 65 0.071

Data are expressed as mean 6 SD, median (IQR) or percentage.
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Fig. 1. Relationship between logarithm of albumin:creatinine ratio and age.
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Table 2. Determinants of microalbuminuria

Variables Simple logistic regression Multivariate logistic regression

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Age 1.12 (1.01–1.23) 0.026 1.11 (1.00–1.22) 0.042
Gender, boys versus girls 0.59 (0.26–1.38) 0.227 – –
BMI 1.08 (0.89–1.29) 0.490 – –
Hypertension, yes versus no 2.20 (0.63–7.77) 0.219 – –
Hemoglobin 1.36 (0.93–1.98) 0.116 – –
White blood cells 0.86 (0.75–0.99) 0.050 0.88 (0.76–1.01) 0.078
eGFR 1.01 (0.99–1.02) 0.075 –
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children without microalbuminuria (90 mmHg). In contrast, the
difference between the two groups was not significant in the re-
sults previously reported in Nigeria [18]. The differences be-
tween these two reports from African countries presumably
arise from differences in environmental and genetic factors
that influence blood pressure in sickle cell populations and
strongly suggest that more research in African countries would
provide valuable insights into the determinants of blood pres-
sure. Concerning the potential relationship between systolic
blood pressure and microalbuminuria, it has previously been
suggested that relative systemic hypertension defines a cate-
gory of relative systemic hypertension in sickle cell patients
that is associated with the risk of chronic kidney disease [40].
Bartolucci et al. [41] have further shown that the baseline–
follow-up albumin:creatinine ratio decline is strongly associ-
ated with decreases in systolic blood pressure. In addition, de-
creased albuminuria under HU is associated with a reduction of
systolic blood pressure between baseline and follow-up levels.

In multivariate analysis, age emerged as the major determi-
nant of microalbuminuria. Similar results have been previously
reported in the literature [15, 19, 29, 32, 42]. However, the occur-
rence of microalbuminuria is associated with other factors such
as lower hemoglobin concentration, higher mean corpuscular
volume, higher leukocyte count, hypertension and acute chest
syndrome, stroke and cholelithiasis in the medical literature
[19, 30, 33, 43]. The differences in the factors associated with
microalbuminuria in these studies presumably arise from dif-
ferences in environmental and genetic factors. Wigfall et al. [30]
and others conducted their studies at centers that use a lot of
HU and likely had patients with high HbF. Ranque et al. [34] in-
cluded two main phenotype groups [SS and Sb0; SC and Sbþ] in
their cohort. These differences suggest that more research in
developing countries would provide valuable insights into the
pathogenesis of microalbuminuria in children with SCA.

Strengths and weaknesses of the study

The present study has some limitations. These include its
hospital-based cross-sectional design, which limits its potential
to make conclusions. One additional limitation is that biological
measurements were performed once during the study. Another
is the use of the Schwartz equation to estimate GFR, as well as
the lack of hemolysis markers known to alter renal hemody-
namics. Despite these limitations, these data provide insights
into the relationship between microalbuminuria and SCA.
These data, if properly used for advocacy as well as for develop-
ing future strategies for the prevention and management of
SCN, will be of great importance for countries with a high preva-
lence of the disease. Further investigation, including the analy-
sis of HbF levels and genetic data, should yield interesting
results.

Conclusion

This study allowed us to improve our knowledge about the re-
nal complications in sickle cell children living in Central Africa.
The present report shows that the prevalence of proteinuria
increased from 2 to 19% using the dipstick method and the de-
termination of microalbuminuria. The prevalence of microalbu-
minuria was lower than reported in eastern and western
African countries. Age emerged as a unique factor associated
with microalbuminuria in SCA children in the DRC.T
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