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Abstract
Background. Data on the epidemiology of chronic
kidney disease (CKD), which is a serious health problem
and refers to a condition related to irreversible kidney
damage that further progress to end-stage renal disease in
children, are insufficient and data that are available were
based on hospital records. The aim of this nationwide,
population-based field study was to determine the preva-
lence of CKD in children in Turkey and to evaluate the
association between CKD and possible risk factors such
as obesity and hypertension.
Methods. The study was the paediatric stratum (3622 chil-
dren aged 5–18 years) of the previously published popu-
lation-based survey of Chronic REnal Disease In Turkey
(CREDIT study). Medical data were collected through
home visits and interviews between November 2007 and
July 2008; height, weight and blood pressure were also
measured. Serum creatinine, total cholesterol, uric acid and
complete blood count were determined from 12-h fasting
blood samples, and spot urine tests were performed for
subjects who gave consent to laboratory evaluation.
Results. Following adjustment according to gender, resi-
dence, age groups and geographical regions, the prevalence
of children with estimated glomerular filtration rate (eGFR)
<75 mL/min/1.73 m2 was 0.94 [95% confidence interval
(CI): 0.63–1.35], and the prevalence of children with CKD
Stages 3–5 [National Kidney Foundation—Kidney Disease
Outcomes Quality Initiative (K/DOQI)] was 2600 (95% CI
1100–5100) per million age related population. The mean
eGFR was found to increase with age; the ratios of children
with eGFR <90 and <75 mL/min/1.73 m2 were higher in
younger age groups. The frequencies of overweight and
obese children were 9.3 and 8.9%, respectively, and the
mean eGFR was lower in patients with higher body mass
index. The prevalence of hypertension and hypercholester-
olaemia was 6.1 and 5.8%, respectively; the mean eGFR
was lower in children with hypercholesterolaemia.

Conclusions. This is the first population-based CKD study
performed in children aged 5–18 years. The prevalence of
CKD in our study was 25–100 times greater than that
found in previous hospital-based studies. Our data suggest
that approaches focusing on patients in tertiary centres are
likely to lead to patients being missed at early stages of
CKD and that a vast majority of these children will never
develop symptomatic CKD during childhood.

Keywords: children; chronic kidney disease; epidemiology;
hypertension; obesity

Introduction

Chronic kidney disease (CKD) is a serious health problem
and refers to a condition related to irreversible kidney
damage that further progress to end-stage renal disease
(ESRD). Data on the epidemiology of CKD in children are
insufficient. The absence of a common definition and
a well-defined classification of CKD in children resulted
in limited information on the epidemiology of CKD.
National Kidney Foundation’s Kidney Disease Outcomes
Quality Initiative (NKF-K/DOQI) published a classifi-
cation system for CKD applicable to children in 2003 [1],
and papers published afterwards used this classification.
Studies from Europe [France (1975–90), Sweden

(1986–94), Italy (1990–2000), Turkey (2005), Belgium
(2001–05), Spain (2007–08)] and non-European countries
[Chile (1996), Nigeria (1985–2000), Jordan] have re-
ported the incidence of CKD in children to be between
3.0 and 12.1 cases per million; the definition of CKD was
not uniform in these studies [ranging from glomerular fil-
tration rate (GFR) <75 mL/min/1.73 m2 to end-stage kidney
disease or creatinine >2 mg/dL], and the data were based on
hospital records [2–10].
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The prevalence of chronic renal failure in Sweden
(between 1986 and 1994, in children aged 6 months–16
years, chronic renal failure was defined as GFR <30 mL/
min/1.73 m2) and Chile (in 1996, in children <18 years of
age, chronic renal failure was defined as GFR <30 mL/
min/1.73 m2) were 25 and 42.5 cases per million age-
related population (p.m.a.r.p.), respectively [3, 8]. The
ItalKid Project, a population-based registry, defined the
prevalence of CKD (GFR <75 mL/min/1.73 m2), by regu-
larly asking all of the paediatric hospitals and adult
nephrology units potentially involved in caring for chil-
dren (age <20 years) with kidney disease, to be 74.7 cases
p.m.a.r.p. [4].

The North American Pediatric Renal Trials and Colla-
borative Studies (NAPRTCS) have operationally defined
the cut-off for inclusion into the CKD registry as a GFR
below 75 mL/min/1.73 m2. European Society for Pediatric
Nephrology/European Renal Association-European Dialy-
sis and Transplant Association (ESPN/ERA-EDTA) Reg-
istry is a registry on renal replacement therapy patients
(CKD Stage 5). ESPN/ERA-EDTA Registry and data
from hospital registries are ideal for the incidence and
prevalence of renal replacement therapy, but they lack
asymptomatic, under-diagnosed, under-reported CKD,
especially for less advanced stages of the disease.

There are limited data on the epidemiology of the early
stages of CKD in the children as it is often asymptomatic
and under-diagnosed. In this population-based field study,
we aimed to determine the prevalence of CKD in children
in Turkey and to evaluate the association between CKD
and possible risk factors such as obesity and hypertension.

Materials and methods

Study population

The present CREDIT-C study, consisting of children aged 5–18 years,
was the paediatric stratum of the previously published population-based
survey of Chronic REnal Disease In Turkey (CREDIT study) [11]. The
data of the children were collected between November 2007 and July
2008 through home visits and interviews by specially trained field study
teams. During the interviews, all of the participants were asked to com-
plete the study questionnaire including questions on demographic fea-
tures, height and weight. For the children who were between 5 and 10
years of age, their parents were asked to complete the questionnaire.
Moreover, casual blood pressure (BP) was measured three times, with
10 min intervals. Informed consents were obtained from both parents
and children for those aged 11–18 years and from only parents for those
aged 5–10 years. The study was approved by the Ethics Committee of
the Gazi University Medical Faculty.

Sample size

To the best of our knowledge, there has been no population-based study
in the literature calculating the prevalence of CKD in children. Following
discussions with paediatric nephrologists from our country, we assumed
the prevalence of children with eGFR <90 mL/min/1.73 m2 to be 2–3%.
The study sample was calculated in order to achieve a 2% predicted
prevalence of children with GFR <90 mL/min/1.73 m2; 3865 children
were found to be adequate with a cluster effect of 1.2 and a two-sided
95% confidence interval (CI) of ±0.5%. In the present study 3622 chil-
dren were included. The detailed sampling method of the present study
is presented in the Supplementary Data.

Definitions and laboratory assessment

Height percentile and body mass index (BMI) percentile were determined
by using CDC growth charts [2–20 years, Centers for Disease Control
and Prevention (CDC) growth charts, USA]: growth retardation was

defined as height percentile <3rd percentile for age and gender, obesity
was defined as BMI ≥95th percentile for age and gender and underweight
was defined as BMI <5th percentile for age and gender [12].

The diagnosis and classification of hypertension was based on ‘The
4th Report on Diagnosis, Evaluation and Treatment of High Blood
Pressure in Children and Adolescents, 2004’: Stage 1 hypertension was
defined as BP levels that range from the 95th percentile to 5 mmHg
above the 99th percentile; Stage 2 hypertension was defined as BP levels
that are 5 mmHg above the 99th percentile [13].

For the laboratory assessments, the subjects were visited the day after
the interview to collect fasting blood samples. At the same time,
morning spot urine samples were obtained from the participants.
Additionally, spot urine analysis (by dipsticks) was performed during
home visits, and results were recorded on the study questionnaire.

Urine albumin (immunoturbidimetric method) and creatinine (alkaline
picrate method), complete blood count, serum creatinine (alkaline picrate
method), total cholesterol (cholesterol oxidase method) and uric acid
(uricase method) concentrations were determined.

Anaemia was defined according to haemoglobin level for age and
gender: haemoglobin level <10.5 g/dL for children below 7 years of age,
haemoglobin level <11.0 g/dL for 7–12 years of age, haemoglobin level
<12.0 g/dL for girls above 12 years of age and haemoglobin level <14.0
g/dL for boys above 12 years of age [14].

Hyperuricaemia was defined as uric acid level >6.6 mg/dL for 5–11
years of age, >7.7 mg/dL for boys above 11 years of age and >5.7 mg/dL
for girls above 11 years of age [15].

Hypercholesterolaemia was defined as high total cholesterol ≥95th
percentile for age and sex [16].

Hypercalciuria was defined as urinary calcium/creatinine ratio above
0.20 (mg/mg). The estimated GFR (eGFR) was calculated by using orig-
inal Schwartz [k × length (cm)/creatinine (mg/dL)]: k was 0.70 if boy
≥13 years, and 0.55 otherwise [17, 18]. According to the K/DOQI
classification system, CKD is defined by a presence of kidney damage
for ≥3 months [as defined by structural or functional abnormalities of
the kidney, with or without decreased GFR, manifested by one or more
of the following features: (i) abnormalities in the composition of the
blood or urine, (ii) abnormalities in imaging tests or (iii) abnormalities
on kidney biopsy] or a GFR < 60 mL/min/1.73 m2 for ≥3 months [1]. As
we were not able to perform imaging studies in such a population-based
field study, it was not possible to identify patients in CKD Stages 1 and
2 which correspond to kidney damage with normal or increased GFR
>90 mL/min/1.73 m2 and kidney damage with mild decrease in GFR
60–89 mL/min/1.73 m2, respectively. As a result, this study presents data
based on eGFR only; we presented the prevalence of children with eGFR
below 90 mL/min/1.73 m2 and with CKD Stages 3, 4 and 5 which corre-
spond to GFR limits of 30–59, 15–29 and <15 mL/min/1.73 m2, respect-
ively. The cut-off point of 75 mL/min/1.73 m2 was to compare our data
with certain registries (NAPRTCS, Italian registry) where CKD is defined
by a GFR below 75 mL/min/1.73 m2 [4, 19].

Macroalbuminuria was defined as an albumin-to-creatinine ratio of
300 mg/g or higher [1].

Statistical analysis

Analyses were performed according to the age groups, gender, geographi-
cal area and residence. Student’s t-tests and the Mann–Whitney U-tests or
Kruskal–Wallis tests were used for comparisons of continuous variables,
which showed normal and non-normal distribution, respectively. χ2 tests
were used to compare proportions between the groups. In order to elimin-
ate the influence of children without data on eGFR, the adjustment was
performed according to gender, residence, age groups and geographical
regions. Statistical significance was defined as P < 0.05.

Results

A total of 3622 children aged 5–18 years were enrolled.
Demographic features of the study group are presented in
Table 1. The distribution of the study population was par-
allel with the general Turkish population according to
gender, residence, age groups and geographical regions.
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Distribution of BMI groups and the prevalence of
growth retardation, hypertension, macroalbuminuria,
hypercalciuria, leucocyturia, haematuria, anaemia, hyper-
uricaemia and hypercholesterolaemia are shown in
Table 2. The prevalence of obesity was higher in younger
age group: 13.5% for 5–7 years, 10.5% for 8–10 years,
8.6% for 11–13 years and 6.4% for 14–18 years.

eGFR was calculated in 3079 children. The mean
eGFR was slightly higher among males (132.58 ± 25.48
mL/min/1.73 m2), compared with girls (125.03 ± 19.71
mL/min/1.73 m2; P < 0.001). Ninety-four children had an
eGFR below <90 mL/min/1.73 m2 [94/3079; 3.05% (95%
CI: 2.47–3.72)], and 24 children had an eGFR below
<75 mL/min/1.73 m2 [24/3079; 0.78% (95% CI: 0.50–
1.16)]. Following adjustment according to gender, resi-
dence, age groups and geographical regions, the preva-
lence of children with eGFR below <90 mL/min/1.73 m2

was 3.47% [107/3082 (95% CI: 2.85–4.18)], and the
prevalence of children with an eGFR below <75 mL/min/
1.73 m2 was 0.94% [29/3082 (95% CI: 0.63–1.35)]. The
prevalence of children with CKD Stages 3–5 (K/DOQI)
are shown in Table 3; the prevalence of children with
CKD Stages 3–5 (K/DOQI) was 1300 (95% CI: 350–
3300) p.m.a.r.p. for unadjusted data, and 2600 (95% CI:
1100–5100) p.m.a.r.p. for adjusted data, respectively. The
ratios of children with eGFR <90 mL/min/1.73 m2 (3.5%
among males versus 2.6% among girls; P: 0.138) or <75
mL/min/1.73 m2 were comparable (1.0% among males
versus 0.6% among girls; P: 0.216) between genders.
The mean eGFR increased with age; the ratios of chil-

dren with eGFR <90 and <75 mL/min/1.73 m2 were
higher in younger age groups (Table 4).
The mean eGFR was lower in patients with higher

BMI; obese children had the lowest eGFR (P < 0.001).
The ratios of children with eGFR <90 and <75 mL/min/
1.73 m2 were higher in obese patients, but did not reach
statistical significance (Table 4).
The mean eGFR was lower in children with hypercho-

lesterolaemia; the ratios of children with eGFR <90 and
<75 mL/min/1.73 m2 were higher in children with hy-
percholesterolaemia (Table 4).
The mean eGFR did not differ significantly according

to the presence of hypertension or proteinuria.

Discussion

There is a limited number of studies on the epidemiology
of CKD in children, and the prevalence of CKD in the
general population of children and adolescents has not
been extensively studied. The published studies mainly
concentrate on the late and severe stages of CKD and
there are no population-based studies targeting the earlier
stages of CKD or under-diagnosed CKD in children. This
study provides the first population-based prevalence study
of CKD in children aged 5–18 years.
Difficulties of scintigraphic GFR measurement led clin-

icians to practical, bed-side methods. The NKF K/DOQI
Clinical Practice Guidelines, published in 2003, rec-
ommend that the formulas by Schwartz et al. [17, 18] or
Counahan et al. [20] be used to estimate GFR [1]. We
also used ‘original’ Schwartz formula which is still the
preferred, practical and reliable method for GFR esti-
mation in such a large study group.
For the correct interpretation of GFR values in children

and adolescents there needs to be a clear understanding
that the normal level of GFR varies according to age,
gender and body size. The mean GFR in children aged

Table 2. Distribution of BMI groups, hypertension and certain
laboratory features

N % 95% CI

BMI groups
Underweight 243/3571 6.8 6.0–7.7
Normal 2679/3571 75.0 73.6–76.4
Overweight 331/3571 9.3 8.3–10.3
Obese 318/3571 8.9 8.0–9.9

Growth retardation 867/3575 24.3 22.9–25.7
Hypertension
>95th percentile 216/3549 6.1 5.3–6.9
Stage I 183/3549 5.2 4.5–5.9
Stage II 33/3549 0.9 0.6–1.3

Macroalbuminuria 52/3031 1.7 1.3–2.2
Hypercalciuria 208/3026 6.9 5.99–7.83
Leucocyturia 54/3056 1.8 1.33–2.30
Haematuria 34/3063 1.1 0.77–1.55
Anaemia 656/3016 21.8 20.3–23.3
Hyperuricaemia 28/3174 0.9 0.6–1.3
Hypercholesterolaemia 183/3171 5.8 5.0–6.6

Table 3. Prevalence of children with K/DOQI Stages 3–5

K/DOQI Stages n % (95% CI)

Stage 3–5 (GFR <60 mL/min/1.73 m2) 4/3079 0.13 (0.035–0.33)
Stage 3 (GFR 30–59 mL/min/1.73 m2) 2/3079 0.07 (0.008–0.23)
Stage 4 (GFR 15–29 mL/min/1.73 m2) 1/3079 0.03 (0.0008–0.18)
Stage 5 (GFR <15 mL/min/1.73 m2) 1/3079 0.03 (0.0008–0.18)

Table 1. Demographic features of the study population

General Turkish
population

Study

n % n %

Gender
Female 8 868 377 49.9 1796 49.6

Residence
Urban 12 530 140 70.4 2469 68.2

Age, years
Total — — 11.88 ± 3.40
Female — — 11.97 ± 3.40
Male — — 11.80 ± 3.40

Age groups, years
5–12 10 283 822 58.0 2027 56.0
13–18 7 490 290 42.0 1595 44.0

Geographical regions
Central Anatolia 2 626 736 14.8 613 16.9
Mediterranean 2 243 288 12.6 384 10.6
Aegean 2 342 248 13.2 407 11.2
Marmara 5 552 172 31.2 1327 36.6
Black Sea 1 754 574 9.9 321 8.9
East Anatolia 1 453 607 8.2 266 7.3
South-eastern Anatolia 1 806 143 10.2 304 8.4
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2–21 years ranges from 126 to 140 mL/min/1.73 m2

[21, 22]. Consistent with previous studies, the mean
eGFR in our study population was 132.58 ± 25.48 mL/
min/1.73 m2 in boys and 125.03 ± 19.71 mL/min/1.73 m2

in girls.
In our study, the mean eGFR was found to be signifi-

cantly lower in younger age groups. Increased rate of
obesity in younger age groups had probably resulted in
lower mean eGFR in younger age groups. In addition, per-
centages of children with eGFR <90 and <75 mL/min/1.73
m2 were consistently highest in the 5–7 years age group
which draws our attention to the younger age groups that
involve the risk of CKD underlying congenital abnormal-
ities of kidney and urinary tract (CAKUT) (Table 4).

In relatively recent hospital-based studies, the preva-
lence of CKD was 74.7 p.m.a.r.p. in Italy (0–19 years;
GFR < 75 mL/min/1.73 m2), 56 p.m.a.r.p. in Belgium
(0–19 years; CKD 3–5) and 71.1 p.m.a.r.p. in Spain
(0–17 years; CKD 2–5), that is <0.01% [4, 6, 7]. The ter-
tiary paediatric nephrology centre in Kuwait provided data
on children aged 0–15 years with a GFR <50 mL/min/
1.73 m2 [23]. The mean incidence was found to be as high
as 38 p.m.a.r.p., whereas the prevalence increased from
188 in 1996 to a rate as high as 329 p.m.a.r.p. in 2003.

Our data revealed a prevalence of 0.78% (95% CI:
0.50–1.16) for eGFR < 75 mL/min/1.73 m2, and 0.13%
(95% CI: 0.035–0.33) for eGFR <60 mL/min/1.73 m2

(CKD Stages 3–5). Even if paediatric CKD is an under-
diagnosed problem, the prevalence of CKD in our study
is 25–100 times greater than that found in previous

hospital-based studies. This suggests that a vast majority
of these children will never develop symptomatic CKD, at
least during childhood. These children may develop CKD
when they are young adults.
A possible explanation is the view that nephrologists

probably under-diagnose CAKUT in young adult patients,
and this diagnosis can account for many of the 30% that
currently have no specified primary renal disease in young
adults with CKD [24]. It is known that while paediatric
registries have reduced the number of children with ‘no
specific diagnosis’ from 39% in 1976 to fewer than 5%,
the adult registries still report rates of 20–27%, which rise
to 28–36% when all unspecified groups, predominantly
‘glomerulonephritis (GN) (not examined histologically)’,
are considered together [24]. According to the United
States Renal Data System data, CAKUT falls from 31%
for ages 0–19 years to only 5% for ages 20–30 years [25].
Generally, eGFR declines relatively slowly in the CAKUT
groups, at 2–3 mL/min/year [26–28], suggesting that
patients with less severe CAKUT will not reach end-stage
until adulthood.
Another important result of our study was that no

association was found between eGFR and hypertension
or proteinuria. Although it was reported that hyperten-
sion and proteinuria are the most important independent
risk factors for progression of renal disease in children
as well as in adults [29–31], there are no evidence-
based data for early stages of CKD, except diabetes
mellitus, in children. In adults, hypertension and protei-
nuria (usually related with diabetes) are two important

Table 4. Mean eGFR and ratios of children with eGFR <90 or <75 mL/min/1.73 m2 according to age groups, BMI groups, hypercholesterolaemia,
hypertension and proteinuria

Feature Mean eGFR mL/min/
1.73 m2

P-value eGFR <90 mL/min/
1.73 m2

P-value eGFR <75 mL/min/
1.73 m2

P-value

Age groups
5–7 years (n: 342) 119.18 ± 20.18$,@ <0.001Ω 6.4%@ <0.001© 2.3%@ 0.001©

8–10 years (n: 676) 122.62 ± 19.24$,@ 4.0%@ 0.9%
11–13 years (n: 1003) 128.78 ± 23.11*,#,@ 3.2%*,@ 0.8%
≥14 years (n: 1058) 135.87 ± 23.92*,#,$ 1.2%*,#,$ 0.2%*

BMI groups
Underweight (n: 203) 133.30 ± 24.45#,$,@ <0.001Ω 3.0% 0.318© 1.0% 0.715€

Normal (n: 2342) 129.19 ± 22.95*,@ 2.8% 0.6%
Overweight (n: 285) 128.18 ± 22.79*,@ 3.2% 0.7%
Obese (n: 244) 122.71 ± 21.64*,#,$ 4.9% 1.2%

Hypercholesterolaemia
Present (n: 176) 120.53 ± 27.33 <0.001£ 13.1% <0.001© 4.0% <0.001¥

Absent (n: 2900) 129.29 ± 22.71 2.4% 0.7%
Hypertension
Present (n: 171) 128.17 ± 20.76 0.517£ 1.2% 0.238¥ 0.6% 1.000¥

Absent (n: 2882) 129.01 ± 22.96 3.0% 0.7%
Proteinuria
Present (n: 44) 131.47 ± 19.60 0.301£ 0.0% 0.642¥ 0.0% 1.000¥

Absent (n: 2649) 128.49 ± 22.88 3.1% 0.8%

*Significant compared with 5–7 years or with underweight, where appropriate, at P < 0.05.
#Significant compared with 8–10 years or with normal weight, where appropriate, at P < 0.05.
$Significant compared with 11–13 years or with overweight, where appropriate, at P < 0.05.
@Significant compared with ≥14 years or with obese, where appropriate, at P < 0.05.
ΩKruskal–Wallis.
£Mann–Whitney U.
©Pearson χ2.
€Pearson χ2 (Monte Carlo).
¥Fisher’s exact test.
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causes of CKD; this pattern was also observed in the
adult stratum of the CREDIT study [11]. In children,
however, these findings are usually results of glomeru-
lar diseases. As Hogg [32] pointed out, although mass
screening programmes are now well established in Japan,
Taiwan and Korea, there is a movement away from mass
screening to detect CKD in children and adolescents in
North America and Europe. Our data also support the
view that screening programmes for early stages of CKD
in children that recommend using dipstick proteinuria and
hypertension should be reconsidered.

Hypertension and obesity in children and adolescents
have increased over the past few decades and many
reports have highlighted the close relationship of this with
kidney function. That is why examining GFR and CKD
in the general paediatric population is worthwhile. In our
study, the frequencies of overweight and obese children
were 9.3 and 8.9%, respectively; increasing BMI was
associated with a lower eGFR. The ratio of children with
GFR <90 and <75 mL/min/1.73 m2 was higher in obese
patients, but it did not reach statistical significance
(Table 4).

Hypertension is not included in the definition of CKD,
but it should be noted that high BP is a common conse-
quence and may be a presenting sign of CKD in children
and adolescents. In the adult stratum of the study
(CREDIT study), hypertension was found to be associated
with lower levels of mean GFR and higher rate of CKD
3–5 [11]. In contrary, such an association was not present
for children and adolescents in our study. However, the
overall prevalence of hypertension was 6.1% which is
another threatening factor for the progressive kidney and
cardiovascular damage.

We are aware of the limitations of our study: eGFR was
based on a single creatinine measurement and no imaging
studies have been performed which might have resulted in
over- and under-diagnosis, respectively. Despite its limit-
ations, this is the first population-based field study focus-
ing to detect CKD in children and it supported the idea
that CKD is an under-reported and/or under-diagnosed
public health problem.

Although there are an increasing amount of studies on
CKD in children in recent years, there are still limited
data, especially on the earlier stages of CKD. The present
study revealed that approaches focusing on patients in ter-
tiary centres are likely to lead to patients being missed at
early stages of CKD. A better knowledge of the epide-
miology of CKD in children is essential in order to make
early diagnosis and develop preventive and therapeutic
measures, not only in children but also in young adults.

Supplementary data

Supplementary data are available online at http://ndt.
oxfordjournals.org.
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