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"ABSTRACT

Background. The risk of progressing to end-stage kidney
disease (ESKD) and factors associated with progression in chil-
dren with chronic kidney disease (CKD) are unclear, especially
in Asian children.

Methods. We started a nationwide, prospective cohort study of
447 Japanese children with pre-dialysis CKD in 2010, with
follow-up in 2011. Progression to ESKD was analyzed by
Kaplan-Meier analysis according to CKD stage. Cox regression
analysis was used to identify risk factors for progression.
Results. Data were analyzed for 429/447 children. Five patients
died, of which four died before progression to ESKD. Fifty-
two patients progressed to ESKD (median follow-up 1.49
years), including 9/315 patients with stage 3 CKD, 29/107 with
Stage 4 CKD and 14/25 with Stage 5 CKD. One-year renal sur-
vival rates were 98.3, 80.0 and 40.9%, for Stages 3, 4 and 5
CKD, respectively. Risk factors for progression to ESKD in-
cluded CKD stage [versus Stage 3; Stage 4: hazard ratio (HR)
11.12, 95% confidence interval (CI) 4.22-29.28, P <0.001;

Stage 5: HR 26.95, 95% CI 7.71-94.17, P <0.001], heavy
proteinuria (>2.0 g/g urine creatinine; HR 7.56, 95% CI 3.22-
17.77, P <0.001) and age ( <2 years: HR 9.06; 95% CI 2.29-
35.84, P=0.002; after starting puberty: HR 4.88; 95% CI
1.85-12.85, P =0.001).

Conclusions. In this cohort, 12.5% of children with pre-dialy-
sis CKD progressed to ESKD with a median-follow-up of 1.49
years. Children with advanced (Stage 4/5) CKD were particu-
larly likely to progress. To our knowledge, this is the first,
nationwide, prospective cohort study of children with pre-
dialysis CKD in Asia.

Keywords: Asia, child, chronic kidney disease, end-stage
kidney disease, prognosis

Chronic kidney disease (CKD) in children is a progressive and
intractable disease [1]. In the CKD in Children study, children
with a glomerular filtration rate (GFR) of <30 mL/min/1.73 m?

© The Author 2014. Published by Oxford University Press
on behalf of ERA-EDTA. All rights reserved.
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showed significant growth failure and other clinically im-
portant disorders compared with children with a higher
GFR (>50 mL/min/1.73 m?), and experienced greater pro-
gressive changes in their GFR [2]. The mortality rate in chil-
dren with end-stage kidney disease (ESKD) is also quite high,
and was reported to be 98.8/1000 person-years among
children who started dialysis between 1990 and 2010 in the
USA [3].

The prevalence of CKD in children/adolescents varies con-
siderably among studies and countries [4-10]. Furthermore,
the incidence of Stage 2-5 CKD in children was reported to
range from 7.7 to 12.1 per million [6], based on data reported
in six countries (Italy [11], Belgium [12], Spain [13], Sweden
[14], France [15] and Turkey [16]). The broad range in the in-
cidence of CKD was at least partly due to differences in the
clinical definition of CKD used in each study. The differences
in study design and possible differences in CKD characteristics
among ethnic groups also mean it is difficult to compare the
prevalence of CKD and ESKD among studies, or estimate
the prevalence of severe kidney disease worldwide or in
specific populations lacking current data. Furthermore, while
the prevalence of CKD in adults is steadily increasing in many
countries [8], the current situation in children is less clear,
particularly in Asian children.

It was also suggested that the rate of decline in renal func-
tion in Japanese adults appears to be slow compared with that
in other countries, and that hypertension, proteinuria and low
GFR were significant risk factors for a faster decline of GFR in
Japanese adults [17]. However, .no studies have examined the
decline in renal function in Japanese children with CKD, or
sought to identify risk factors for progression to ESKD.

To address these issues and to help us to better understand
the current status of CKD in Japan, we implemented a nation-
wide, prospective cohort study of pre-dialysis CKD in Japanese
children [9], the first such study in Asia. We previously reported
that the prevalence of Stage 3-5 CKD was 2.98 cases/100 000
children, and that most children with CKD presented with non-
glomerular disease, including congenital anomalies of the
kidney and urinary tract (CAKUT). As the original results were
derived from a cross-sectional analysis, we could not determine
the rate of disease progression in these patients at that time.
Therefore, as planned, we conducted a follow-up survey to de-
termine the rate of disease progression in these patients. From
this context, the aims of the present analyses were (1)
to investigate the progression of CKD to ESKD or death and (2)
to identify factors associated with disease progression.

MATERIALS AND METHODS

Study design and population

The study design and patient population are described in
more detail in our original report [9]. Briefly, we sent two
surveys in August 2010 to 1190 institutions (all members of
the Japanese Society for Pediatric Nephrology, all university
and children’s hospitals, and all general hospitals with >200
beds) in Japan inviting them to report on cases of pediatric
CKD managed as of 1 April 2010. The first survey
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documented the number of children with Stage 3-5 CKD in
each institution. The respondents were asked to search their
medical records to determine the numbers of patients with a
confirmed diagnosis of CKD, or patients with abnormal serum
creatinine (SCr) values. In the second survey, the respondents
were asked to record the clinical characteristics of each patient.
A total of 925/1190 institutions (77.7%) responded to the first
questionnaire. In the second questionnaire, the participating
institutions provided data for 479 children. Of these, 447 chil-

~ dren who met the following criteria were evaluable: (i) children

with CKD aged 3 months to 15 years as of 1 April 2010;
(i) presence of Stage 3~5 CKD; (iii) no history of chronic dialy-
sis or renal transplantation; (iv) renal failure lasting >3 months
(cases with transient increases in SCr were excluded).

In September 2011, surveys were conducted for the 113
medical institutions that provided data for the cohort of children
(n=447) established in our original report [9]. The deadline for
responding to this survey was November 2011. Data were pro-
vided for 429/447 children in the follow-up survey. The survey
asked clinicians to record patient characteristics [e.g. height,
weight, blood pressure, cardiac function and blood and urine
parameters, including urine protein/creatinine ratio (g/g urine
creatinine)], outcomes (start of dialysis, kidney transplantation
and death), CKD complications, disease type and neonatal data
(birth weight, gestational age and presence of asphyxia), as of 1
November 2011. All surveys were to be returned using provided
envelopes and data entry was conducted by the data center.

CKD stage was assessed as previously described [9, 18].
Stages 3, 4 and 5 CKD were defined as SCr levels more than
twice, four times and eight times, respectively, the median
normal levels in age- and sex-matched Japanese children. In
our previous report [9], we validated these reference levels by
applying the abbreviated Schwartz equation [19], with Stages
3, 4 and 5 CKD being classified as GFR 30-59, 15-29 and <15
mL/min/1.73 m?, respectively (<1/2, <1/4 and <1/8 of normal
GER, respectively), defined according to established guidelines
[20-22]. All of the participating institutions reported using
enzyme immunoassays to measure SCr. Heavy proteinuria was
defined as urine protein/creatinine ratio >2.0 g/g urine creati-
nine. The patients were divided into three age groups for
males (<2, >2 to <10.8 and >10.8 years) and females (<2, >2
to <10.0 and >10.0 years), where 10.8 and 10.0 years corre-
spond to the mean age of Japanese males and females, respect-
ively, at the start of puberty [23]. Hypertension was defined as
systolic blood pressure >95th percentile [24].

The study was conducted in accordance with the principles
of the Declaration of Helsinki and the ethical guidelines issued
by the Ministry of Health, Labour and Welfare, Japan. The
study was approved by a central ethics board at Tokyo Metro-
politan Children’s Medical Center (approval number: 23-49).
Because data were reported using patient medical records, in-
formed consent was not obtained in accordance with the
above guidelines.

Statistical analysis

The primary outcome was the progression of CKD to
ESKD. The cumulative proportion of progression was esti-
mated by the Kaplan-Meier method, where death was also
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Table 1. Patient characteristics according to CKD stage

All patients Stage 3 Stage 4 Stage 5 P-value’

n 447 315 107 25

Age (years) 8.6+45 8.6+4.6 84142 9.9+4.5 0.321
Sex, male/female (1) 2721175 192/123 67/40 13/12 0.618
Serum creatinine (mg/dL) 16+1.2 1.1+04 22+08 53+20 <0.001
Height (cm) 119.6 £27.8 120.5+28.1 117.1£26.9 118.1+289 0.547
Height (SD) -1.5+1.8 —=13+%15 —-1.8+2.1 —-2.8+3.2 <0.001
BUN (mg/dL) 355+18.7 283+9.7 484 +£18.1 749315 <0.001
Cystatin-C (mg/L) 21+08 1.9£05 31+1.0 41x09 <0.001
eGFR abbreviated (mL/min/1.73 m?)? 39.6 +15.9 473114 22.6+53 10.4£3.3 <0.001
eGER complete (mL/min/1.73 m?) 399+124 439+10.0 247 £52 13.5+40 <0.001

Values are means + standard deviation. CKD, chronic kidney disease; SDS, standard deviation score; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate.

* Abbreviated Schwartz equation [19], eGFR = 41.3 [height (m)/SCr (mg/dL)].

bComplete Schwartz equation [19], eGFR = 39.1 [height (m)/Scr (mg/dL)}**'[1.8/cystatin C (mg/L)]°?*** x [30/BUN (mg/dL)]*'%® [1.099] ™ [height (m)/1.4]**.
“P-values were determined by analysis of variance for all variables except sex, which was analyzed by the z* test.

considered as an event. The day on which SCr was measured
that was closest to 1 April 2010 was used as the starting point
(i.e. T=0 years). Cox’s proportional hazard regression model
was used to identify possible predictors of CKD progression
by calculating hazard ratios (HRs) with 95% confidence inter-
vals (CIs). All statistical analyses were carried out using SAS
system version 9 (SAS Institute, Inc., Cary, NC, USA).

RESULTS

Patient characteristics

The characteristics of the patients, as of 1 April 2010, are
summarized in Table 1. Of the 447 children in this cohort, 405
were of Asian ethnicity and 3 were of another ethnicity; ethni-
city was not reported by the institution for the remaining 39
children.

As would be expected, SCr, blood urea nitrogen and cysta-
tin C levels increased significantly with increasing CKD stage,
consistent with reductions in eGFR, as determined with the
abbreviated and complete Schwartz equations [19]. Children
with Stage 5 CKD tended to be older than children with Stage
3/4 CKD.

Progression to ESKD and renal replacement therapy

Table 2 shows the patient outcomes during this survey.
Overall, 52 patients progressed to ESKD during the follow-up
period [median follow-up period (interquartile range) 1.49
years (1.16-1.64 years); Stage 3, n=9; Stage 4, n = 29; Stage 5,
n=14]. Of these, 1/9 patients in Stage 3, 21/29 patients in
Stage 4 and 8/14 in Stage 5 had CAKUT. Five deaths (sepsis in
two; acute encephalitis, graft versus host disease and acute
heart failure and pulmonary edema caused: by advanced
uremia in one each) occurred during the study period, of
which four occurred before and one occurred after progression
to ESKD. The detailed characteristics of patients with pro-
gression to ESKD or who died are presented in Table 3. The
Kaplan-Meier analysis for the time to ESKD or death (in-
cluded as an event) is presented in Figure 1. Among 429/447
children with available data, the survival rates at 1 year were
98.3, 80.0 and 40.9% in children with Stage 3, 4 and 5 CKD,

~ Table 2. Outcomes and renal replacement therapies according to CKD
stage

All Stage 3 Stage 4
patients

Stage 5

n ) 107 25
Data not provided by the 4 3
participating institution )
Death before progressionto -~ "4 2 1
ESKD
ESKD 52* 9 29* 14
Renal replacement therapies
PD 27 6 15 6
Preemptive kidney 16 1 11 4
transplantation ;
Kidney transplantation after 3 0 1 2
PD :
HD 4° 2 1® 1
PD after HD 2. 0 1 1
Change in CKD stage (excluding death before progressing to ESKD)
To Stage 2 43 1 0
To Stage 3 210 6 0
To Stage 4 40 56 1
To Stage 5 (5D) 10(9) 38(29) 20(14)

CKD, chronic kidney disease; ESKD, end-stage kidney disease; PD, peritoneal dialysis;
HD, hemodialysis.
*Includes one death.

respectively. The Kaplan-Meier plot and survival rates were
almost identical when deaths were censored instead of being
included as an event; the survival rates at 1 year were 98.3, 80.9
and 43.1% in children with Stage 3, 4 and 5 CKD, respectively.

The most common chronic renal replacement therapy in
children with ESKD was peritoneal dialysis, which was used
in 27 children, followed by preemptive kidney transplantation
in 16 patients (Table 2).

During the follow-up period, 40 and 10 of 315 children
with Stage 3 CKD progressed to Stage 4 and Stage 5 (Stage 5D
in 9/10 patients) CKD, respectively, while 38/107 patients with
Stage 4 CKD progressed to Stage 5 (Stage 5D in 29/38 patients).

Factors associated with CKD progression

CKD progression was defined as ESKD or death occurring
during follow-up. Table 4 shows the factors that were
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