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Abstract
Background: Chronic kidney disease (CKD) is defined by an alteration of kidney functions beyond three months. Its clinical symptoms are insidious and nonspecific, often leading to delayed diagnosis and disease progression to advanced stages. Its prevalence remains underestimated, especially in developing countries where a national kidney diseases registry is often inexistent. We therefore conducted this study to assess the epidemiology, diagnosis, and outcomes of CKD in children attending Aristide Le Dantec university Hospital in Dakar, Senegal.
Methods:  We conducted a retrospective, single centre, descriptive and analytical study between January 1, 2020 and December 31, 2021. All children under 16 years of age with the diagnosis of CKD were included in the study.
Results: During our study period, 276 (58%) cases of CKD out of 474 children with renal diseases were identified. The mean age was 96.4 months. The main presenting complaint was oedema (74.3%). About 22.8 % of children were malnourished. Ninety-seven children (35.4%) presented with hypertension. The mean estimated glomerular filtration rate (eGFR) was 82.82 ml/min/1.73m². Forty-four point nine percent (44.9%) of children had stage 1 CKD. Nephrotic syndrome (63.0%) and Congenital anomalies of Kidney and Urinary Tract (17.8%) were the main causes of pediatric CKD. Twenty children (7.2%) had haemodialysis and 6 (2.2%) peritoneal dialysis. Progression of CKD was significantly associated with hypertension and a haemoglobin level of < 11 g/dl. Death occurrence was significantly associated with CKD stages 1, 2 and 5. 
Conclusion: CKD in children is a worldwide public health concern. Its prevention, early diagnosis and progression factors control remain the cornerstones of management.
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1. Introduction 
Chronic kidney disease (CKD) is defined by the presence, for more than three months, of kidney damage markers. The latter may be either biological abnormalities (proteinuria, albuminuria, hematuria, leukocyturia, decreased glomerular filtration rate (GFR) below 60 mL/min/1.73 m²), morphological abnormalities (renal and urinary tract ultrasound or other imaging studies) or histological abnormalities (renal biopsy) [1]. In 2012, KDIGO (Kidney Disease Improving Global Outcomes) initiative defined and classified CKD into five stages of increasing severity according to glomerular filtration rate (GFR) [1, 2]. The new Schwartz formula allows estimation of GFR in children based on height and serum creatinine [3]. The prevalence of CKD is relatively high in adults and varies across countries [4]. More than one in ten adults will be affected and some will require dialysis [5]. In children, the prevalence of CKD is poorly understood worldwide with variation between studies and countries [6]. Paediatric CKD exhibit specific characteristics, the main one being it occurrence in growing children. However, all age groups can be affected, even the very young ones, as a result of congenital or acquired reduction in the number of nephrons, with or without kidney failure [1]. CKD can remain asymptomatic for many years. Its early detection can significantly improve the management and contribute at slowing CKD progression to end-stage renal disease (ESRD) [7]. The high mortality rate of ESRD in children justifies the use of renal replacement therapies such as peritoneal dialysis, hemodialysis, and kidney transplantation which are unfortunately often unavailable in many developing countries [8, 9]. In sub-Saharan Africa and particularly in Senegal, there are paucity of data on CKD in children. Furthermore, many of these data originate from various pediatric nephrologists experience on CKD management working moreover most of the time, in university hospitals [4, 10]. We therefore conducted this study to determine the incidence and to describe the diagnosis, treatment and outcomes of CKD in children in Dakar.

2. Materials and methods
2.1. Study setting
This study was carried out within the pediatric department of the Aristide Le Dantec University Hospital in Dakar which is a level III public health facility according to the Senegalese health pyramid. It houses the only pediatric nephrology and oncology departments of Dakar, and other regions of the country thus allowing the management of children with chronic kidney disease (CKD) in Senegal.
2.2. Type, period and study population
We conducted a retrospective, single-center, descriptive and analytical study based on medical records of children under 16 years of age, hospitalized and/or seen as outpatient in consultation at the pediatric nephrology department, between January 1, 2020 and December 31, 2021.
The study included children under 16 years of age with CKD. Those who were lost to follow-up, with incomplete records, and those who were being followed in pediatric oncology were not included in the study.
2.3. Data collection and study parameters 
Data were extracted from children medical records using a questionnaire covering socio demographic (prevalence, age, sex), clinical, paraclinical, etiological, therapeutic (calcium and vitamin D3 supplementation, erythropoietin, renal replacement therapy) and clinical outcomes data (survival or death, factors contributing to progression and death). The following parameters were defined:
- Hypertension was defined as blood pressure (BP) greater than or equal to the 95th percentile. Stage 1 hypertension was defined as a blood pressure (BP) between the 95th percentile and the 95th percentile + 12 mmHg, stage 2 hypertension as a BP between the 95th percentile + 12 mmHg and the 95th percentile + 30 mmHg; life-threatening hypertension was defined as a BP > 95th percentile + 30 mm Hg [11].
- The 2006 World Health Organization (WHO) growth curves were used to calculate height-for-age, weight-for-age, and weight-for-height indices, expressed as z-scores. A z-score below -2 standard deviations defined growth retardation [12].
- Nephrotic syndrome was considered as chronic kidney disease (CKD) when the child had moderate or massive proteinuria for more than 3 consecutive months [13].
2.4. Data entry and statistical analysis 
Data were entered using Excel 2013 and analyzed with RStudio-2022.07.2-576 software. Quantitative variables were presented as means or medians, and qualitative variables as percentages. Fisher's exact test and the p-value (p) were used for statistical comparisons, with the 95% confidence interval (CI) calculated based on validity conditions. A p-value < 0.05 was considered statistically significant.
3. Results
During the study period, 5,538 children were admitted or seen in consultation of whom 474 children had kidney diseases. Out of those 474 children, 276 children had chronic kidney disease representing an incidence of 58%. Across all pathologies, the incidence was 4.9%. The overall average incidence was 16.6 per million children per year (pmcpy) (Table I). 
Table I: Incidence and prevalence of pediatric CKD according to KDIGO stages
	CKD stages
	Incidence (pmcpy)
	Number (n)
	Percentage (%)

	1
	7.5
	124
	44.9

	2
	4.4
	73
	26.5

	3
	2.2
	37
	13.4

	4
	0.6
	10
	3.6

	5
	1.9
	32
	11.6

	Total
	16.6
	276
	100


CKD = Chronic Kidney Disease	     		pmcpy = per million children per year
The median age was 96.4 months [3.5–192 months]. More than half of children with CKD (68.5%) were over 5 years old (Figure 1). 

Figure 1: Distribution of children according to age groups 

The sex ratio was 1.53 in favor of male sex. The main presenting complaints were edema of lower limbs (n=213), facial edema (n=199) and abdominal pain (n=58). Urinary symptoms were less frequent (n=13). 
The mean duration of symptoms was 8.9 months [4-84 months]. Nearly a quarter of the children (22.8%) presented with growth retardation. Hypertension was found in 97 children (35.4%). 48.8%, 38.1% and 13.4% children had stage 1, 2 and and life-threatening hypertension respectively. Ninety-one children (32.9%) had anemia and 55 children (19.9%) hyperkalemia. Hypocalcemia and hyperphosphatemia were present in 33 children (12.0%). Intact parathyroid hormone (iPTH) assay and 25-OH vitamin D3 were measured in 13 children (4.7%). Hyperparathyroidism was observed in 8 children (2.9%) and vitamin D3 deficiency in one child (0.4%). The main etiologies of chronic kidney disease (CKD) were nephrotic syndrome (63.0%), followed by congenital anomalies of the Kidney and Urinary Tract (17.8%). We found 3.8 % of genetic causes (congenital tubulopathy, NPHS3 gene mutation, Alport syndrome, and nephronophthisis). Among the anemic children, 3 (8.3%) were supplemented with erythropoietin drug. Calcium and vitamin D supplementations were routinely administered from stage 3 of CKD. Twenty children (7.2%) were on hemodialysis and 6 children (2.17%) were on peritoneal dialysis. To date, none of the children had a kidney transplantation. The clinical course was marked by progression of chronic kidney disease (CKD) in 34 children (12.3%) and death in 20 others (7.2%). Progression of CKD was significantly associated with the presence of hypertension (p = 0.014) and a hemoglobin level below 11 g/dL (Table II). Death was significantly associated with CKD stages 1 (p = 0.004), 2 (p = 0.002), and 5 (p < 0.001) (Table III).
Table II: Distribution of children according to the MRC's progression factors 
	Factors 
	Progression of CKD
	P-value
(95% CI)

	
	Yes n (%)
	No n (%)
	

	Age 
     < 5 years        
     ≥ 5 years
	
5 (6.8)
29 (14.3)
	
69 (93.2)
173 (85.7)
	
0.100
(0.12 - 1.20)

	Sex
     Male   
     Female
	
19 (11.4)
15 (13.8)
	
148 (88.6)
94 (86.2)
	
0.577
(0.37 - 1.79)

	HBP
     Yes
     No
	
242 (99.2)
0 (0.0)
	
2 (0.8)
32 (100)
	
0.014*
(1.36 - Inf)

	Glomerular diseases
     Yes   
     No
	
30 (14.7)
4 (5.5)
	
174 (85.3)
68 (94.5)
	
0.058
(0.98 - 11.84)

	Bilateral CAKUT 
     Yes
     No
	
1 (4.5)
33 (13)
	
21 (95.5)
221 (87)
	
0.493
(0.01 - 2.13)

	Haemoglobin 
     < 11 g/dl
     ≥ 11 g/dl
	
107 (55.8)
25 (80.6)
	
85 (44.2)
6 (19.4)
	
0.009*
(0.01 - 2.13)

	Proteinuria
     < 20 mg/kg/24h
     ≥ 20 mg/kg/24h
	
9 (10.5)
21 (20.5)
	
76 (89.5)
81 (79.5)
	
0.073
(0.17 - 1.12)


CKD = Chronic Kidney Disease	     CI = Confidence interval	* = significant p-value (less than 0.05)
HBP = High Blood Pressure	     CAKUT = Congenital Anomalies of the Kidneys and Urinary Tracts

Table III: Distribution of children according to the risk of death and stages of CKD 
	Stages of CKD
	Death
	P-value
(95% CI)

	
	Yes (%)
	No (%)
	

	1
	
	
	

	
	Yes
	3 (2.4)
	121 (97.6)
	0.005*
(0.04 – 0.71)

	
	No
	17 (11.3)
	135 (88.7)
	

	2
	
	
	

	
	Yes
	0 (0.0)
	73 (100.0)
	0.003*
(0.00 – 0.53)

	
	No
	20 (9.9)
	183 (90.1)
	

	3
	
	
	

	
	Yes
	2 (5.4)
	35 (94.6)
	1
(0.08 – 3.15)

	
	No
	18 (7.5)
	221 (92.5)
	

	4
	
	
	

	
	Yes
	1 (10.0)
	9 (90.0)
	0.535
(0.03 – 11.43)

	
	No
	19 (7.1)
	247 (92.9)
	

	5
	
	
	

	
	Yes
	14 (43.7)
	18 (56.3)
	< 0.001*
(9.49 – 107.35)

	
	No
	6 (2.5)
	238 (97.5)
	


CKD = Chronic Kidney Disease	     CI = confidence interval	* = significant p-value (less than 0.05)


4. DISCUSSION
In this study, the overall mean incidence of CKD was 16.6 cases per million children per year in over 8 million children under 16 years of age. This incidence is higher than that reported by a Nigerian study which found 11 (6–20) cases per million children per year [10]. In developed countries, despite varying inclusion criteria, available epidemiological studies estimate an average incidence of stage 2 to 5 pediatric CKD of 8 to 17 cases per million children per year [13]. A British study reported a much higher incidence (17.5 cases per million children), however the hospital-based nature of the study may constitute a recruitment bias [13]. This high incidence in our study could also be explained by the fact that we are the only reference centre for the management of pediatric kidney diseases in Senegal thus constituting an additional selection bias. Senegal has two pediatric nephrologists, representing a ratio of one pediatric nephrologist for every 3,545,564 children. These two nephrologists work in the same hospital located in the main Senegalese capital (Dakar) [14], whereas in Western countries the pediatric nephrologist to pediatric population ratio is much more important [15].
The mean age at diagnosis in our cohort was 8 years. Globally, the age at CKD diagnosis in children in developing countries is higher than that reported in Western studies, primarily due to the shortage of pediatric nephrologists and the absence of a single national kidney diseases registry supported by a secure database allowing case tracking [16, 17]. The male-to-female ratio was 1.53. This male predominance has been found in most African and Western studies [10, 17]. In childhood CKD, male predominance is also reported, particularly among children with CAKUT [7]. 
The main presenting complaints were edema and abdominal pain. Urinary symptoms were less frequent in our study, whereas in Western and Asian studies, they are mainly reported and associated with CAKUT [18, 19]. A child's growth requires a balance between nutritional intake, metabolic and endocrine processes. In CKD, this growth is disrupted by various factors: anorexia secondary to uremic syndrome, vomiting, metabolic acidosis, sodium and water deficit, hypertension, decreased IGF-1 and its receptor, and delayed puberty. Furthermore, chronic inflammation, exacerbates nutritional disorders through increased protein catabolism, reduced lean mass and caloric intake [1, 20]. This results in growth retardation and significant psychosocial and family consequences. Early management include routine screening and nutritional assessment of all children with CKD from stage 2 onward. 100% caloric intake should be maintained and adjusted according to the age-appropriate intake recommendations, to optimise child's growth. Sodium and water intake should be adjusted according to urine output and blood pressure. In cases of severe growth retardation, growth hormone (GH) may be used [1, 20, 21]. Cardiovascular disorders, particularly hypertension, are early manifestations of CKD in children. In addition to these cardiovascular disorders, children are also at risk of anemia, oxidative stress, uremic toxins, and abnormalities in calcium and phosphate metabolism [1, 7]. These abnormalities are responsible for endothelial dysfunction, loss of arterial elasticity, and expose children with CKD to cardiovascular complications like hypertension, which is a main risk factor for CKD progression [22]. Angiotensin-converting enzyme (ACE) inhibitors or angiotensin II receptor blockers (ARBs) are the first-line antihypertensive drugs in CKD, regardless of the level of proteinuria necessitating however a closed monitoring of serum electrolytes and changes in eGFR [1, 20, 23].
Anemia in children with chronic kidney disease (CKD) is multifactorial. The causes can include decreased erythropoietin production by the kidneys, inflammation, abnormalities in iron metabolism, vitamin B12 and folic acid deficiencies, etc. [1, 7]. More than half of children with Stage 3 to 5 CKD have anemia. Its treatment is an essential component of CKD management in children, with target hemoglobin levels between 11 and 13 g/dL, ferritin levels above 100 µg/L, and transferrin saturation above 20%. Treatment of this anemia relies on erythropoietin administration, iron supplementation, and overall appropriate CKD management. This approach avoids repeated blood transfusions that can induce anti-HLA immunization, thus reducing access to kidney transplantation [1, 7, 20, 24]. 
As CKD progresses, particularly from stage 3 onward, metabolic acidosis develops and inhibits the child's bone growth. It also leads to increased protein catabolism. This metabolic acidosis must be treated aggressively with sodium bicarbonate or sodium citrate [25]. Chronic acidosis leads to blood electrolytes imbalance, bone resorption and formation, and growth hormone (GH) action reduction. It reduces renal vitamin D production, which, combined with phosphate retention and hypocalcemia, causes secondary hyperparathyroidism. All of these disturbances are defined under the term of CKD mineral and bone metabolism disorders (CKD-MBD). CKD-MBD involves biochemical abnormalities (calcium, phosphate, parathyroid hormone, and vitamin D), bone abnormalities (renewal, mineralization, and growth), and extra-skeletal calcifications. This results in bone demineralization, causing bone pain and an increased risk of fracture [26]. The treatment of CKD-MBD aims to reduced hyperphosphatemia (restriction of phosphorus intake, calcium-based phosphate binders  or non-calcium or aluminium based phosphate binders), to manage hypocalcemia and vitamin D deficiency (sufficient dietary intake, supplementation with calcium salts outside of meals and active derivatives of vitamin D), hyperparathyroidism (either by correcting hypocalcemia, hyperphosphatemia and vitamin D deficiency; or  by using calcimimetics whose use depends on the country) [1, 20, 22, 27].The prevalence of MBD (Mineral and Bone Disorders) found in our study was low compared to the literature. This low prevalence is partly due to the low socioeconomic status of our children's families who could not afford calcium and phosphate level testing, given its considerable cost in developing countries [28]. 
The etiologies of chronic kidney disease (CKD) were dominated by glomerular diseases, with nephrotic syndrome being the main cause, followed by CAKUT. Genetic causes were rare (3.8%). This predominance of glomerular diseases was also found in many studies of developing countries [29, 30] and may be explained by the unavailability of major treatments for glomerular diseases, such as immunosuppressants and biologic therapy. These treatments have been shown to quickly control underlying glomerular diseases and prevent its progression to end-stage renal disease (ESRD) [16]. In our study, ethnicity can also explain this predominance. Indeed, corticosteroid-resistant nephrotic syndrome due to focal segmental glomerulosclerosis are more frequent in African American population than in Caucasian population [13]. Finally, this frequency of glomerular causes may be linked to the high prevalence of viral, bacterial, parasitic, or fungal infections in developing countries [29, 30]. In contrast, in Western studies, CAKUT are the leading cause of CKD in children, followed by glomerular and/or vascular renal diseases, and hereditary nephropathies [1, 13, 17].
The CKD progression factors identified in our study (hypertension and anemia) are also reported in the literature. Glomerular diseases progress more rapidly than non-glomerular diseases as CAKUT [13, 20, 23, 24]. In children, the two main risk factors associated with pediatric CKD progression are non-modifiable risks factors (ethnicity, genetic factors, low birth weight and/or prematurity, family history of kidney disease) and modifiable risk factors (hypertension, proteinuria, obesity, metabolic acidosis, hyperuricemia, anemia, albuminemia, mineral and bone metabolism abnormalities, dyslipidemia, and chronic inflammation) [13]. CKD due to CAKUT is usually less symptomatic than that due to glomerular diseases. Furthermore, in our context, not all CAKUT cases followed by pediatric surgeons and urologists are referred to pediatric nephrologists, which may also explain why CAKUT was not the main cause of CKD in our study [31].
CKD was particularly fatal in our children, as also reported in sub regional studies [16]. Based on the results of the ESCAPE trial [32], a mean 24-hour ambulatory blood pressure below the 75th percentile in children under 16 years of age without proteinuria and below the 50th percentile in those with proteinuric kidney disease should be targeted [33]. The best therapeutic strategy for CKD in children relies on screening at-risk children, prompt management, prevention and appropriate treatment of complications. Children at risk of CKD are those with a medical history of CAKUT, partial or total nephrectomy, low birth weight (< 2.5 kg and extreme prematurity), acute renal failure, cancer treatment, hypertension, congenital heart disease, systemic diseases, prolonged treatment with nephrotoxic drugs, obesity, or a first-degree family history of CKD [1].

5. Conclusion
Chronic kidney disease (CKD) in children is a worldwide major public health problem, particularly in developing African countries. Few African studies address this issue whereas these public health studies would promote early detection, better treatment strategies and prevention of pediatric CKD. However, the shortage of pediatric nephrologists, lack of diagnostic tools, renal replacement therapies and the absence of a national kidney diseases registry supported by a secure database in our countries are major ongoing challenges. We Therefore recommend to our national and health authorities to improve organisation of pediatric nephrology care and services in our developing countries.
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