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Abstract 

Background: Chronic kidney disease is relatively uncommon in children but can be a devastating illness with several 

long-term consequences. There is no consensus on the utility of screening programs of chronic kidney disease for 

children. Community based studies on prevalence of chronic kidney disease in children is very few. The present study 

aims to estimate the prevalence of chronic kidney disease in apparently healthy school children and adolescents in a 

screening program in a local school of Varanasi. 

Methods: The study subjects constituted 118 healthy school children and adolescents, screened as a part of World 

Kidney Day celebration. Information on age, sex, height, weight, smoking and alcohol, history of diabetes mellitus and 

hypertension, familial history of kidney disease was extensively interrogated and clinical investigations like, urinalysis 

and serum creatinine levels were recorded. Chronic kidney disease outcome was detected based on estimated glomerular 

filtration rate levels and albuminuria. The association of each variable with the outcome was seen using Pearson’s Chi 

square test. 

Results: The overall prevalence of chronic kidney disease was 9.3%. The median age of the study participants were 10 

years. There was nearly equal proportion of children in both the sexes. Hypertension and albuminuria were associated 

with chronic kidney disease. 

Conclusion: Children with chronic kidney disease comprise a very small but important portion of the total chronic 

kidney disease population. A regular screening process is required to study the prevalence of paediatric chronic kidney 

disease before one reaches to a stage of irreversible adverse outcome. 
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CAKUT: Congenital Anomalies of the Kidney and Urinary 
Tract, KDOQI: Kidney Disease Outcomes Quality Initiative, 
SPSS: Statistical Package for Social Sciences. 
  

Introduction 

     The rising incidence of chronic kidney disease (CKD) is 
a major public-health problem [1]. Though relatively 
uncommon in children, it can be a devastating illness with 
several long-term consequences [2]. 
 
     Epidemiologic data on CKD may underestimate its real 
incidence and prevalence since CKD is often clinically 
asymptomatic [3], especially in earlier stages. Existing 
evidences prove that end stage renal disease (ESRD) in 
children represents the ‘tip of the iceberg’ of CKD thus 
suggesting that the number of patients with earlier stages 
of the disease are likely to exceed those reaching ESRD. 
The estimates of CKD in majority of the studies had been 
based on the prevalence of moderate to severe renal 
disease and did not account the asymptomatic subjects 
[4]. 
 
     Screening programs for early detection of chronic 
kidney disease are widely recommended [5-7]. However, 
there is no consensus on the utility of these screening 
programs for children. While, East-Asian countries have 
well-established urinary screening programs, western 
countries appear to be moving away from screening of 
asymptomatic children for early detection of CKD. 
 
     The incidence of paediatric CKD rose slowly during the 
1980s, then marginally until the first decade of the 21st 
century. The incidence of paediatric patients with end 
stage renal disease has increased almost 2 fold while the 
prevalence has increased 4 fold in the last 30 years [8]. 
Studies around the globe have reported the incidence of 
CKD in children to be between 3.0-12.1 cases per million; 
although the definition of CKD not being uniform in these 
studies with different thresholds of GFR, and the data 
were based on hospital records with varying age groups 
of children as well [9,10]. CKD prevalence in children had 
invariably varied worldwide in different settings be it in 
screening programs or in population or hospital based 
studies [11]. 
 
     Community based studies on prevalence of CKD in 
children are very few. Hence, the present study aims to 
estimate the prevalence patterns of CKD in apparently 
healthy school children and adolescents in a screening 
program in Varanasi on World Kidney day, 2016. 
 
 

Methods  

     The study subjects constituted apparently healthy 
children and adolescents from Apollo school, Varanasi. 
They were screened as a part of World Kidney Day 
celebration by Opal hospital on 10th March 2016. 
Considering 5% prevalence of CKD in children, the sample 
size was estimated to be 115 children. A total of 118 
children were considered in the present study. Children 
with age ranging between 3-18 years were included in the 
study. 
 
     Approval to conduct this study was obtained from the 
Ethical and Research Committee of Opal Hospital, 
Varanasi. Informed consent was obtained from the 
children's parents or caregivers and school directors. 
Children with symptomatic acute kidney injury (AKI) or 
transplanted kidneys were excluded from the screening.  
 
     Information on socio-demographic profile and personal 
characteristics like, age, sex, height, weight, smoking and 
alcohol, history of diabetes mellitus (DM) and 
hypertension (HTN), familial history of kidney disease 
was extensively interrogated and clinical investigations 
like, urinalysis and serum creatinine levels were 
recorded. Systolic and diastolic blood pressures (SBP and 
DBP) were measured only on one occasion, i.e. on the day 
of screening. 
 
     Some of the variables were converted into categories 
for appropriate clinical interpretation. Age (in completed 
years) was divided into 4 intervals [12], e.g. toddler (ages 
1–3 years); preschooler (ages 4–5 years); school-aged 
child (ages 6–11 years); adolescent (ages 12–18). 
 
     Gender was classified into two, boys and girls. Body 
mass index (BMI) was calculated in same way as adults 
using height and weight of children, but then compared 
against the percentile for children of the same sex and age 
for categorization [13]. 
 
     Diabetes was defined as the use of glucose lowering 
medicine and/or, random blood sugar (RBS) ≥200. Blood 
pressure was categorized into 3 groups: none, elevated BP 
and HTN, according to the published normative values 
[14]. Children were divided into two groups according to 
serum creatinine values: normal and abnormal based on 
paediatric reference values [15]. 
 
A urine dipstick (Medi-Test Combi 9-Macherey Nagel, 
Duren, Germany) was performed for each child for semi 
quantitative measurement of urine albumin [16]. Two 
milliliters of blood sample was collected from each 
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participant through venipuncture to investigate for serum 
creatinine level. All subjects with a deranged renal 
function i.e. based on estimated glomerular filtration rate 
(eGFR) levels and presence of albuminuria were 
considered to be suffering with CKD. Furthermore, CKD 
stages were also categorized based on eGFR levels and 
albuminuria. GFR was calculated using the Schwartz 
equation for children and adolescents [17]. 
 
     Albuminuria was regarded as significant if 1+ and 
above [18]. CKD stages were defined as: stage 1 if eGFR 
≥90 and albuminuria present; stage 2 if eGFR= 60-89 and 
albuminuria present; stage 3 if eGFR= 30-59; stage 4 if 
eGFR= 15-29; and stage 5 if eGFR <15 according to the 
Kidney Disease Outcomes Quality Initiative (KDOQI) 
guidelines [19,20]. Children detected with CKD were 

referred to the paediatric nephrologist. No follow-up was 
done for them. 
 
     The association of each variable with the disease 
outcome, CKD, was seen separately using Pearson’s Chi 
square test. All the analysis was performed on statistical 
package for social sciences (SPSS) version 18. 
 

Results 

     The age-wise profile of the children and adolescents 
who participated in the study is presented in Table 1 & 
Figure 1. The demographic and clinical profile of the study 
participants is given in Table 2. The median age (inter 
quartile range (IQR)) of the participants was 10 (8-14) 
years. The overall prevalence of CKD was 9.3% (11 of 
118). 

Characteristics 
Overall 1-3 years 4-5 years 6-11 years 12-18 years 

N (%) N (%) N (%) N (%) N (%) 

Gender 
Boys 60 (50.8) 1 (50.0) 7 (77.8) 24 (42.9) 28 (54.9) 

Girls 58 (49.2) 1 (50.0) 2 (22.2) 32 (57.1) 23 (45.1) 

Obesity 

Underweight 5 (4.2) 0 (0.0) 1 (11.1) 4 (7.1) 0 (0.0) 

Normal 96 (81.4) 2 (100.0) 8 (88.9) 47 (83.9) 39 (76.5) 

Overweight 11 (9.3) 0 (0.0) 0 (0.0) 3 (5.4) 8 (15.7) 

Obese 6 (5.1) 0 (0.0) 0 (0.0) 2 (3.6) 4 (7.8) 

BP problem 

No 79 (70.5) 1 (100.0) 8 (100.0) 45 (83.3) 25 (51.0) 

Elevated 12 (10.7) 0 (0.0) 0 (0.0) 7 (13.0) 5 (10.2) 

Yes 21 (18.8) 0 (0.0) 0 (0.0) 2 (3.7) 19 (38.8) 

Creatinine 
Normal 118 (100.0) 2 (100.0) 9 (100.0) 56 (100.0) 51 (100.0) 

Abnormal 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

eGFR ≥90 87 (73.7) 0 (0.0) 1 (11.1) 39 (69.6) 47 (92.2) 

 
60-89 31 (26.3) 2 (100.0) 8 (88.9) 17 (30.4) 4 (7.8) 

Albuminuria 
Present 11 (9.3) 0 (0.0) 0 (0.0) 4 (7.1) 7 (13.7) 

Absent 107 (90.7) 2 (100.0) 9 (100.0) 52 (92.9) 44 (86.3) 

CKD 
Present 11 (9.3) 0 (0.0) 0 (0.0) 4 (7.1) 7 (13.7) 

Absent 107 (90.7) 2 (100.0) 9 (100.0) 52 (92.9) 44 (86.3) 
 

Table 1: Age-wise profile of 118 screened school children. 
 
 

Characteristics N % distribution % CKD 
Pearson’s χ2 

p value 

Age (years) 

3-Jan 2 1.7 0 

0.455 
5-Apr 9 7.6 0 

11-Jun 56 47.5 7.1 

18-Dec 51 43.2 13.7 

Gender 

Male 60 50.8 6.7 0.313 
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Female 58 49.2 12.1 

Childhood obesity 

Underweight 5 4.2 0 

0.826 
Normal 96 81.4 9.4 

Overweight 11 9.3 9.1 

Obese 6 5.1 16.7 

Blood pressure 

No 79 70.5 5.1 

0.058 Elevated 12 10.7 25 

HTN 21 18.8 9.5 

Albuminuria 

Present 11 9.3 100 
<0.0001 

Absent 101 90.7 0 

eGFR (ml/min/1.73 m2) 

≥90 87 73.7 9.2 
1 

60-89 31 26.3 9.7 
 

Table 2: Profile of participants and prevalence of CKD. 
 

 
 

   Figure 1: Age wise profile of children and adolescents. 
 
     There were almost equal number of subjects in the age 
groups 6-11 (47.5%) and 12-18 (43.2%) years, whereas 
only 9 (7.6%) children were in the pre-school ages and 
only 2 (1.7%) were toddlers. The prevalence of CKD was 
7.1% among the school-aged children, and 13.7% among 
the adolescents (p=0.455) whereas none in toddlers and 
pre-schoolers. 
 
     The study sample constituted nearly equal proportion 
of subjects from both the sexes (50.8% males and 49.2% 

females). 6.7% boys and 12.1% girls were screened with 
CKD, but no statistical association was seen between CKD 
and gender (p=0.313). None of the child was 
smoker/alcoholic. No one was found to be suffering with 
diabetes. The median (IQR) of RBS was 104 (95-113.25) 
mg/dl. 9.3% and 5.1% subjects were overweight and 
obese with highest prevalence (72.7% and 66.7%) among 
the adolescents. Only one participant each among the 
overweight and obese subjects had CKD (9.1% and 16.7% 
respectively). Among normal BMI group, 9 (9.4%) were 
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screened with CKD. Almost equal number of boys (5%) 
and girls (5.2%) were suffering with childhood obesity, 
however, about one-third boys (36.4%) and two-third 
girls (63.6%) were overweight (p=0.078). Childhood 
obesity was not associated with CKD occurrence 
(p=0.826). 
 
     None of the participant reported family history of renal 
disease. Elevated blood pressure and hypertension was 
found in nearly one-tenth (10.7%) and one-fifth (18.8%) 
subjects respectively. 25% children with elevated BP and 
9.5% with HTN were screened with CKD. The association 
was significant at 10% (p=0.058). 
 
     The serum creatinine levels of all the subjects were 
within the normal range. Median serum creatinine level 
was 0.7 (0.6-0.8) mg/dl. Majority subjects (73.7%) were 

falling in eGFR levels ≥90 and only about one-fourth 
(26.3%) in eGFR levels 60-89 (p=1.000). Albuminuria was 
found positive in nearly one-tenth subjects (9.3%) and 
was strongly associated with CKD (p<0.0001). The 
prevalence of children with eGFR <75 mL/min/1.73 m2 
was 1.7%. 
 
     eGFR was strongly associated with age group of the 
children (p<0.0001); higher eGFR was seen in the 
adolescent and school age group (6-11 years) compared 
to lower eGFR levels in the pre-school children and 
toddlers. Out of all the hypertensive’s, 90.5% were from 
the adolescent group and the result was highly significant 
(p< 0.0001). Further, HTN was associated with presence 
of albuminuria and CKD outcome at 10% (p=0.058). 6.8% 
children were in stage-1 and 2.5% in stage-2 CKD (Table 
3). 

eGFR N % distribution Stages % with CKD staging 

≥90 87 73.7 Stage-1 6.8 

60-89 31 26.3 Stage-2 2.5 
 

Table 3: CKD stages according to level of eGFR and albuminuria. 
 

Discussion  

     The objective of the present study was to describe the 
prevalence patterns of CKD and its association with some 
known risk factors among apparently healthy school 
children and adolescents in a school in Varanasi. 
 
     The global prevalence of paediatric CKD through 
screening programs has varied from <1-6%, [21-24], 
although our study reported higher prevalence (9.3%) 
compared to the published literature. However, a mass 
screening program in Korean school children with 
abnormal urinary findings depicted a CKD prevalence of 
36.9% [25]. In the present study there were 6.8% 
children in stage-1 and 2.5% in stage-2 CKD which was an 
under estimation of the previous published reports. The 
difference in the prevalence of CKD in various populations 
may be attributed to methodological differences used to 
define CKD, differences in cut-offs to define renal disease, 
geographic differences in the reporting of CKD and other 
renal disorders in children, due to environmental, racial, 
genetic, and cultural differences. 
 
     An abnormal eGFR in children and adolescents starts 
below 75 mL/min/1.73 m2, as a sign of renal disease. The 
prevalence of children in the present study with eGFR <75 
mL/min/1.73 m2 was 1.7% which is consistent with the 
published literature [26]. 
 

     Although CKD is more prevalent among boys in the 
previous studies [27], we did not find any gender 
differences with CKD in our study. 
 
     In our study, subjects with elevated BP had maximum 
(25%) percentage of CKD, whereas 9.5% hypertensive 
participants were suffering with CKD. Hypertension 
together with proteinuria has been shown to be an 
important risk factor for progression of primary renal 
disease in children and adults [28]. HTN has also been 
manifested responsible for deterioration of renal function 
in patients with CKD and their progression to higher 
stages of CKD. A similar study displayed 50% cases of 
chronic renal disease are hypertensive. 
 
     A screening program on World Kidney Day in Mexico 
yielded more systolic hypertension in younger children 
(19.6% in age 0–8 years; 7.1% in age 9–13 years and 
5.3% in age 14–17 years) whereas in the present study, 
out of all the hypertensive, 90.5% were from the 
adolescent group and the association was highly 
significant. HTN was also associated with presence of 
albuminuria in our study which is a prologue to CKD 
occurrence and hence we found HTN association with 
CKD as well though not at 5%. Cramer’s V statistics 
depicted the strength of association of BP with 
albuminuria and eGFR was 22.5% and 23.6% 
respectively. 
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Age is a factor strongly associated with the occurrence of 
CKD [29,30]. But the crucial difference between adult and 
paediatric ESRD lies in the aetiology of CKD. Adult CKD is 
predominately diabetic nephropathy and HTN whereas 
the top cause of paediatric CKD is congenital anomalies of 
the kidney and urinary tract (CAKUT), hereditary 
nephropathies and glomerulonephritis [31,32]. In the 
present research, age category was highly associated with 
blood pressure (p <0.0001). 90.5% and 41.7% 
adolescents and 9.5% and 58.3% school aged children 
were suffering with HTN and elevated BP respectively. 
Cramer’s V statistics indicated the strength of association 
of blood pressure with age was 33.4%. 
 
     Recent studies have identified obesity responsible for 
early kidney dysfunction and risk for CKD in children 
[33,34]. However our study reported no association 
between childhood obesity and CKD. The strong 
association of albuminuria with CKD, is in consistence 
with the fact that albuminuria is used as an important 
marker for CKD detection. eGFR was strongly associated 
with age groups of the children; higher eGFR was seen in 
the adolescent and school aged group (6-11 years) 
compared to lower eGFR levels in the pre-school children 
and toddlers. In children and adolescents, the increase in 
levels of creatinine with age and the differences in eGFR 
levels compared to adults are expected as creatinine 
production is related to muscle mass [35]. 
 
     There were no subjects with diabetes in the present 
study however, there is an increasing prevalence of 
diabetes mellitus in children/adolescents across the globe 
[36] including India [37] in part with unfavorable lifestyle 
changes and reduced physical activity especially among 
youngsters provoking the rise in the prevalence of micro 
vascular complications like nephropathy over time. 
The situation of asymptomatic CKD in the paediatric 
group is growing up. We screened apparently healthy 
school children and adolescents and found elevated BP 
and HTN in 10.7% and 18.8% respectively; which is 
potential risk factor for CKD. Moreover, CKD was detected 
in >9% (11 of 118) subjects which is an alarming number. 
The findings of the present study cannot be generalized 
since they are based on the results of a single school only 
but gives the signal to emphasize on running screening 
programs at mass levels for detecting asymptomatic CKD 
in children and adolescents. 
 

Limitations 

     The study subjects were screened in a cross sectional 
way on a single day and it was not possible to determine 
whether children who fulfilled outcome criteria did so for 

at least a 3-month period. Further, there was no follow up 
of the cases. Single day measurements of serum creatinine 
and urinary markers of kidney damage are likely to 
overestimate the true values. The study was conducted at 
a single school, though comprising students from all the 
sections of the society, but still there can be selection bias 
and the study results may not be generalized for the 
community based settings. Lastly, we did not do kidney 
ultrasounds, hence could have missed congenital 
anomalies of the kidney and urinary tract in children. 
 

Conclusion 

Children with CKD comprise a very small but important 
portion of the total CKD population. A regular screening 
process is required to study the prevalence of paediatric 
CKD and the potential impact of intervention if desired 
before one reaches to a stage of irreversible adverse 
outcome. 
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