Chronic Kidney Disease Stages 3-5 in Iranian Children: Need for a School-based
Screening Strategy: The CASPIAN-I111 Study

Alaleh Gheissarit?2, Roya Kelishadi®, Peyman Roomizadeh?4, Amin Abedini?#, Shaghayegh Haghjooy-
Javanmard®, Seyed-Hossein Abtahi?#4, Bahareh Mehdikhani®, Mohammad Shafiei?*

'Department of Pediatric Nephrology, Isfahan
University of Medical Sciences, Isfahan, Iran,
YIsfahan Kidney Diseases Research Center, Isfahan
University of Medical Sciences, Isfahan, Iran,
3Department of Pediatrics, Child Growth and
Development Research Center, Isfahan University
of Medical Sciences, Isfahan, Iran, *“Medical
Students Research Center, Isfahan University of
Medical Sciences, Isfahan, Iran, "Department of
Physiology, Applied Physiology Research Center,
Isfahan University of Medical Sciences, Isfahan,
°Students’ Scientific Research Center, Tehran
University of Medical Sciences, Tehran, Iran

Correspondence to:

Prof. Roya Kelishadji,

Department of Pediatrics,

Child Growth and Development
Research Center, Isfahan University
of Medical Sciences, Isfahan, Iran.
E-mail: kelishadi@med.mui.ac.ir

Date of Submission: May 10, 2012

Date of Acceptance: Nov 17, 2012

How to cite this article: Gheissari A, Kelishadi R,
Roomizadeh P, Abedini A, Haghjooy-Javanmard S,
Abtahi SH, Mehdikhani B, Shafiei M. Chronic kidney
disease stages 3-5 in Iranian children: Need for a school-
based screening strategy: The CASPIAN-III study. Int J
Prev Med 2013;4:95-101.

ABSTRACT

Background: There is scarce epidemiological data on early and
asymptomatic stages of chronic kidney disease (CKD) in children,
especially from developing countries. In this study, we investigated
the frequency of CKD stages 3-5 among general students of
Isfahan (a large province of Iran), and compared the findings with
those derived from the main pediatric nephrology referral center

of province.

Methods: This study was performed among 712 Isfahani school
students (377 boys) aged 7-18 years, as part of the baseline survey
of a national surveillance system. Blood samples were analyzed
for blood urea nitrogen, creatinine, and cystatin C. Glomerular
filtration rate (GFR) was calculated based on two 2009 Schwartz
equations (the “updated” and the “new” equations). CKD was
defined as GFR <60 ml/min/1.73 m* Additionally, a retrospective
analysis of clinical records of children with stages 3-5 CKD
referred to main referral center of province from November 2001

to December 2011 was made.

Results: The mean age of students was 12.2 * 2.4 years. In students’
screening, the frequency of CKD was 1.3% and 1.7% based on
the updated Schwartz and the new Schwartz equation, respectively.
The referral center survey revealed an annual incidence of 14.5 per
million age-related population (pmarp), and a prevalence of 118.8

pmarp in our province.

Conclusion: The prevalence of asymptomatic and undetected low
GFR in Iranian children is higher than what is reflected from the
reports of referral centers. Simple screening programs like annual

urinalysis among high-risk school students should be considered.

Keywords: Children, chronic kidney disease, cystatin C,

epidemiology, Iran

INTRODUCTION

The epidemiological information on chronic kidney disease
(CKD) in children is almost confined to reports derived from
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major tertiary care referral centers. Due to the
nature of such studies, the existing epidemiological
data is limited to incidence and prevalence of
the terminal stages of CKD and end stage renal
disease (ESRD). It has been suggested that patients
with ESRD reflect only the “tip of the iceberg”
of the total number of the patients with varying
degrees of CKD.!'? At the present time, data about
non-terminal stages of the disease is scarce. The
scarcity of epidemiological information is even
more pronounced in developing countries.!?
Knowledge through the epidemiology of varying
stages of CKD is important for implementing
effective measurements for slowing the progression
of the disease in at risk individuals and allocating
enough health care resources for facilitating
access to renal replacement modalities. These
aspects are of especial concern in low-income and
middle-income countries, where the clinical and
socioeconomic consequences of the disease are
expected to be higher.?!

Glomerular filtration rate (GFR) is generally
considered the best overall indicator of kidney
function.® Serum creatinine is the most commonly
used endogenous marker for estimating GFR
worldwide. In recent years, a novel endogenous
marker of renal function, cystatin C, has emerged
as a more sensitive marker than serum creatinine
in estimating GFR.""®l Many equations have been
proposed to estimate GFR in children based on
concentration of serum creatinine and/or cystatin
C. At present time, two 2009 Schwartz equations
(the “updated” equation and the “new” equation)
are the most popular formula for estimating GFR
in children.”! Recent studies have indicated the
validity of Schwartz equations in estimating GFR
in mild to severe stages of CKD.[1%-13

In this study, which to the best of our knowledge
is the first of its kind, we investigated the frequency
of CKD stages 3-5 among a large number of
general students living in Isfahan, a large province
of Iran, by estimating their GFRs using two 2009
Schwartz equations. Moreover, we investigated the
medical records of the main pediatric nephrology
referral center of Isfahan province for all stages 3-5
CKD patients during a ten year period. Finally, we
compared the prevalence of stages 3-5 CKD in our
general population with the prevalence of these
stages derived from the referral center survey.
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METHODS

Study area

This cross-sectional study was conducted in
Isfahan, a large province located in central part
of Iran. According to Iranian national census
performed in 2011, the population of Isfahan was
about 4,879,312 inhabitants, of whom 1,640,544
individuals were children below 18 years of age.

Population-based screening

The data used for students screening was
obtained from a national surveillance program
entitled “Childhood and Adolescence Surveillance
and Prevent Ion of Adult Non-communicable
disease” (CASPIAN study). The third phase of
this nationwide school-based health survey was
conducted between 2009 and 2010 among 5028
Iranian students aged 7-18 years who were selected
by multistage random cluster sampling from
urban and rural areas of 27 provinces of Iran. In
the present paper, we describe the findings of 712
school students from Isfahan province. A detailed
description about the procedure of data gathering
and sample collection of CASPIAN studies has
been characterized elsewhere.'Y In brief, after
complete explanation of the study objectives and
protocol for the students and their parents, a team of
trained nurses collected demographic and clinical
features of the eligible subjects, including age, sex,
height, weight, and blood pressure. Blood samples
were drawn from participants and transferred
to Isfahan central provincial laboratory, where
biochemical measurements were done. Written
informed consent was obtained from parents/
caregivers, and oral assent from the students before
enrollment in the study. The study was approved
by institutional review boards and the Research
& Ethics Committee of the Faculty of Medicine,
Isfahan University of Medical Sciences.

Laboratory analysis and GFR estimation

Serum creatinine and blood urea nitrogen (BUN)
were measured by enzymatic methods on a Hitachi
917 auto-analyzer. Serum cystatin C was measured
by the particle-enhanced immunoturbidimetric
method (Dako, Glostrup, Denmark).!"> A cystatin
C level of lower than 1.38 mg/1 is considered as
normal in general population.!'s!

To calculate GFR for each individual, we
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applied the following equations:
The “updated” 2009 Schwartz equation:?

GFR (ml / min/ 1.73nf )= 0.413 xHeight (cm) /

/ Serum creatinine (mg/dl)

And the “new” 2009 Schwartz equation:!

GFR (ml/min/1.73nf )= 39.1x(Height (m) .
/Creatinine (mg/dl))

x (1.8/ Cystatin C (mg/L)***
x (30 / BUN (mg/dl))"'®

x (1.099)if male
x (Height (m)/1.4)""%

According to the estimated GFR by each
equation, participants were categorized as the
CKD group (defined as GFR <60 ml/min/1.73
m?) or non-CKD group (defined as GFR >60 ml/
min/1.73 m?). Those children with GFR lower than
60 ml/min/1.73 m? were further subcategorized to
CKD stages 3-5 based on the CKD classification
described by kidney disease outcomes quality
initiative (K/DOQI) guidelines.!”

Retrospective data gathering

In addition to the population screening, we
retrospectively investigated the medical records
of all stages 3-5 CKD children (less than 18 years
of age) who were referred to pediatric nephrology
ward of St. Azahra Hospital, Isfahan, Iran from
November 2001 until December 2011. St. Azahra
Hospital is the main referral center for this specialty
in Isfahan and has sought to register almost all CKD
and ESRD children from all health caring sectors
of the whole province. The inclusion criteria for
case selection were: (i) Definite diagnosis of CKD
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defined as GFR <60 ml/min/1.73 m? for at least
3 months (based on original Schwartz formula),®!
(i1) age at the onset of CKD below 18 years, and (iii)
residing within the study area. The mean annual
incidences rate of CKD was calculated as the
incidence per million of the age-related population
(pmarp). The prevalence rate was considered as the
point prevalence on 31 December 2011, pmarp.
The estimated number of population at risk was
obtained from the 2011 Iranian National Census
and consisted individuals who were below 18 years
of age and residing within Isfahan province of Iran.

Statistical analysis

The Wilcoxon test was applied to examine
the differences in estimated GFR between the
equations. Agreement between equations in
defining individuals as CKD or non-CKD was
evaluated by weighted kappa statistics. We used
Chi-square test to compare the prevalence of
CKD obtained from population screening with
the prevalence of CKD derived from the hospital-
based survey. Statistical analyses were performed
using MedCalc version 12.1.4.0 (MedCalc
Software, Mariakerke, Belgium) and a P < 0.05
was considered the significance threshold.

RESULTS

Population-based screening

Of 712 students, 377 (52.9%) were male. The
mean age was 12.2 + 2.4 years (range 7-18), and
the mean body mass index was 18.2 + 3.8 kg/m?.
Detailed demographic and clinical characteristics
of the study population are presented in Table 1.

Table 1: Demographic and biochemical characteristics of participants
' _____________________________!____________________________________________________________|

Demographic/clinical features Total (n=712) Boys (n=377) Girls (n=335) P value
Age (years) 12.2+2.4 12.1+2.4 12.3+2.3 0.25
Weight (kg) 40.3+£13.9 39.2+12.1 41.7415.5 0.01
Height (cm) 148.3+13.0 146.6+11.3 150.21+14.6 0.0002
BMI (kg/m?) 18.2+3.8 18.2+3.8 18.1+3.9 0.72
Systolic blood pressure (mm Hg) 102.8+£13.7 103.9+£13.9 101.5+13.6 0.02
diastolic blood pressure (mm Hg) 65.9£10.8 66.8+11.1 64.7+10.4 0.009
Blood urea nitrogen (mg/dl) 12.15+4.04 12.23+£3.6 12.06+4.51 0.57
Serum creatinine (mg/dl) 0.68+0.13 0.69+0.14 0.67+0.11 0.18
Serum cystatin C (mg/I 0.81+0.34 0.89+0.38 0.82+0.32 0.056
Values are expressed as meanzstandard deviation. BMI: Body mass index
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Mean GFR was 99.65 * 19.71 ml/min/1.73 m?
by new Schwartz equation and 99.66 + 19.74 ml/
min/1.73 m? by updated Schwartz equation. The
Wilcoxon test revealed no significant differences
between these equations in estimating GFR (P
= 0.22). The frequency of CKD was 1.7% and
1.3%, based on the new Schwartz and the updated
Schwartz equations, respectively. The weighted
kappa statistics revealed a very good agreement
between two equations in defining CKD and non-
CKD individuals (k = 0.85; 95% confidence interval
[CI] 0.69-1). Table 2 presents the prevalence of
CKD stages 3-5 based on each equation.

Referral center survey

In our inspections throughout the medical
records in our referral center, we could identify 244
children with CKD diagnosis who were eligible
for this study. Table 3 summarizes the clinical and
paraclinical features of these cases. These patients
were consisted of 132 (54%) boys and 112 (46%)
girls. The mean age was 11.0 + 5.3 years (range
0-18). Glomerulonephropathies (35.2%) and
congenital urological malformations (28.2%) were
the most frequent primary cause of CKD in these
patients. Table 4 summarizes the primary etiology
of CKD among the patients. Renal replacement
therapies (hemodialysis, peritoneal dialysis, and
kidney transplantation) were applied for 72.3%
of the children. Nearly 36% of patients had
received kidney allograft, mostly from non-relative
living donors (75.3%). By the end of December
2011, 49 patients (18.3%) were expired. The
annual incidence of CKD was 14.5 pmarp, and
the point prevalence on 31 December 2011 was
118.8 pmarp. The prevalence of stages 3-5 CKD
in population screening was significantly higher

that the prevalence of these stages obtained from
referral center survey (P < 0.001).

DISCUSSION

This is the first study in Iran that investigated
the prevalence of early stages of CKD in a general
pediatric population by using cystatin C as a
new endogenous marker of kidney function. Up
to our knowledge, only one previous report on
epidemiology of pediatric CKD in Iran exists that
is limited to causes and outcome of children with
ESRD!. No data was available about the figure of
earlier and asymptomatic stages of CKD among
Iranian children. The use of cystatin C as a more
sensitive marker of renal function for screening
reduced GFR was the strength of the present study.
It is almost well-established that the concentration
of serum creatinine is affected by age, sex, muscle
mass and protein intake, which can result in an
inaccurate GFR estimation.?*?/ On the contrary,
cystatin C is independent of the mentioned factors

Table 2: Prevalence of chronic kidney disease stages 3-5 in
population-based screening according to each equation

CKD stage New Schwartz

equation (%)

Updated Schwartz
equation (%)

Stage 3 11 (1.54) 8(1.12)
Stage 4 1(0.14) 1(0.14))
Stage 5 0 0
Total CKD

stage 3-5 12 (1.68) 9 (1.26)

.
Data presented as number (percent). CKD stages are defined

according to K/DOQI guidelines as follows: Stage 3, GFR
30-59 ml/min/1.73 m?, Stage 4, GFR 15-29 ml/min/1.73 m?,
and stage 5, GFR <15 ml/min/1.73 m2.:7 GFR: Glomerular
filtration rate, CKD: Chronic kidney disease

Table 3: Demographic and biochemical characteristics of chronic kidney disease individuals in referral center survey

Demographic/clinical features Total (n=244) Boys (n=132) Girls (n=112) P value
Age (years) 11.045.3 10.57+5.1 11.54+5.6 0.15
Weight (kg) 25.3+£18.5 23.7+£18.7 27.34+18.0 0.12
Height (cm) 131.0+20.8 129.4+18.9 135.2+23.3 0.03
BMI (kg/m?) 15.0+4.8 15.0+4.7 15.1+4.8 0.86
Systolic blood pressure (mm Hg) 125.1+33.2 122.480+33.3 128.1+31.1 0.17
diastolic blood pressure (mm Hg) 81.4+22.2 78.3£22.7 84.8+21.4 0.02
Blood urea nitrogen (mg/dl) 73.0£37.5 75.5+£39.1 69.9+35.4 0.24
Serum creatinine (mg/dl 5.3+£3.7 5.5+4.1 5.1+3.3 0.4

Values expressed as meanzstandard deviation, CKD: Chronic kidney disease, BMI: Body mass index
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Table 4: Primary renal causes of chronic kidney diseases

in referral-center survey
. ________ |

Causes Number 9p

Congenital anomaly of 69 28.2

kidney and urinary tract
Reflux nephropathy 41 16.8
Obstructive uropathy 18 7.3
Aplastic/hypoplastic/ 10 4
dysplastic kidneys

Glomerulonephropathies 86 35.2
Focal segmental glomerulosclerosis 47 19.2
Chronic glomerulonephritis 39 15.9

Hereditary nephropathies 42 17.2
Kidney cystic diseases 19 7.7
Cystinosis 10 4
Alport syndrome 5 2
Congenital nephrotic syndrome 4 1.6
Other hereditary renal diseases 4 1.6

Other renal diseases 47 19.2
Nephrolithiasis 7 2.8
Systemic lupus erythematosus 3 1.2
Hemolytic uremic syndrome 5 2
Missing/uncertain etiology 32 13.1

and therefore, is a superior marker than creatinine in
estimating GFR."822l We used two 2009 Schwartz
equations for estimating GFR in CKD screening.
These equations are more validated than other
existing GFR equations in pediatrics.'™!? Both
Schwartz equations showed a very good agreement
in defining GFR <60 ml/min/1.73 m?, though,
the new Schwartz equation revealed slightly a higher
prevalence of CKD stages 3-5 than the updated
formula (1.7% and 1.3%, respectively). The new
Schwartz equation considers more demographic
and biochemical variables for estimating GFR
and is assumed to be more accurate in detecting
true CKD individuals.!'¥

In our study, the prevalence of CKD stages
3-5 obtained in population-based screening was
considerably higher than the prevalence of these
stages derived from the referral center-based survey.
Due to the latent nature of CKD in its earlier stages,
a significant proportion of patients with reduced
renal function do not seek for medical care until the
disease is progressed and symptoms have become
much advanced. Neglecting such undetected
patients with earlier stages of the disease is the
main limitation of referral center-based surveys,
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and results in underestimating the true figure of the
epidemiology of CKD stages in the population.
In a similar work in the adult American population,
patients with earlier stages of disease exceeded
those reaching ESRD by as much as 50 times.? In
a screening survey for CKD among healthy high-
school students of Kinshasa, Democratic Republic
of Congo, the overall prevalence of CKD stages
3-5 was ranging from 1.5% to 2.9% depending on
the method used for estimating GFR.1?*! Another
similar CKD screening study among Mexican
children revealed a 1.7% prevalence of GFR <60
ml/min/1.73 m?2.24 These rates are much higher
than the overall prevalence of CKD reports from
major pediatric nephrology referral centers around
the globe;® and show a considerably higher
prevalence of undetected asymptomatic CKD in
general population than what is reflected from the
results of tertiary and referral centers.

The reported incidence and prevalence of CKD
from hospital-based studies around the world
vary with respect to ethnicities, disease definition,
method of use for GFR estimation and also cultural
and social features of different regions. A large
prospective study in Italy, ItalKid project, revealed
an incidence of 12.1 pmarp and a prevalence of
74.7 pmarp.?! A nearly similar figure was observed
in Spain with the overall incidence of 8.66 pmarp
and prevalence of 71.06 pmarp.?! An incidence of
14.3 pmarp and a prevalence of 96.1 pmarp have
been reported in Serbian children.??”’ Based on the
results of our referral center, the incidence (14.5
pmarp) and prevalence (118.8 pmarp) of CKD was
higher than the reports from Western countries,
but was lower than our neighboring country,
Kuwait, where the prevalence of CKD (GFR <50
ml/min/1.73 m?) in children 0-15 years was 329
pmarp.” The higher prevalence of childhood
CKD in our region can be attributed to the high
rate of consanguineous marriage that is culturally
acceptable in the Middle-East.”””! Besides, some
predisposing genetic risk factors may also exist in
this ethnic group.?

The economic and clinical burden of CKD
is a significant challenge for healthcare systems
worldwide. The disease is accompanied by lifelong
disability and imposes enormous treatment costs to
the patients’ families. The socio-economic effects
of the disease are greater in low and middle-income
countries compared with the developed world.
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Renal replacement therapies are prohibitively
expensive and hardly accessible in countries with
limited resources. Most patients cannot afford
the financial burden of the disease and withdraw
treatments. In India, treatment withdrawal was
the cause of death in 70% of ESRD patients.[%
Iran, as a model of a developing country, endures
a tremendous burden of CKD.B! Although great
efforts have been done to make all renal replacement
modalities available for all Iranian ESRD patients,
these modalities are still not sufficiently available
in all regions of the country. It is to be noted that
most of these facilities are provided for adult CKD
patients, and resources for pediatric CKD are much
more limited.

Given the high burden of CKD in source-
limited countries, the best overall policy for health
authorities can be reducing the number of affected
individuals by detecting and treating kidney
diseases at their early stages.*’! Easily implemented
CKD screening programs, like an annual urinalysis
for detection of hidden hematuria/proteinuria
among school students can be considered. In
eastern Asian countries, including Korea and
Japan, all school students are mandated to have
an annual urinalysis as a screening test. In Korea,
a urine sample is drawn from each student,
and is analyzed by a simple dipstick method for
detection of proteinuria, hematuria and glucose.
The suspected individuals are then referred to a
pediatric nephrologist for further assessments.?
Studies from those regions have demonstrated that
such urinary screening programs were successful
in detecting CKD in its early stages.?3 In Iran,
despite the relatively high prevalence of childhood
CKD, we do not have an organized CKD screening
program in children. The experience of eastern
Asian countries seems to be helpful for our country.
However, more studies are needed to evaluate the
cost-effectiveness of such programs.

The limitation of this study was using only one
measurement of endogenous markers for assessing
renal function for population screening. The
definition of CKD stages 3-5 requires persistent
GFR <60 ml/min/1.73 m? over a period of at least
3 months.['”! However, it is cumbersome to obtain
serial GFRs in such a large population with healthy
renal function. The lack of serial GFR is a common
limitation present in other similar studies.!?>?4!

100

CONCLUSION

The prevalence of pediatric CKD in Iran is
higher than Western countries. To reduce the
enormous costs and lifelong complications of
ESRD, a simple screening program using annual
urinalysis and/or blood examination among high-
risk children should be considered.
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