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Abstract

Rationale & Objective—The KDIGO (Kidney Disease: Improving Global Outcomes) guideline
on CKD presented an international classification system that ranks patients' risk for CKD
progression. Few data on children informed guideline development

Study Design—Observational cohort study

Settings and participants—Children aged 1-18 years enrolled in the North American Chronic
Kidney Disease in Children (CKiD) cohort study and the European Effect of Strict Blood Pressure
Control and ACE Inhibition on the Progression of CRF in Pediatric Patients (ESCAPE) trial.
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Predictor—Level of estimated glomerular filtration rate (¢GFR) and proteinuria (urine protein-
creatinine ratio (mg/mg)) at study entry

Outcome—A composite event of renal replacement therapy, 50% reduction of estimated GFR
(eGFR), or eGFR <15 mL/min/1.73mZ2. eGFR was estimated using the CKiD-derived “bedside”
equation.

Analytical Approach—Accelerated failure time models of the composite outcome using a
conventional generalized gamma distribution. Likelihood ratio statistics of nested models were
used to amalgamate levels of similar risk.

Results—Among 1232 children, median age was 12 years (IQR, 8-15), median eGFR 47 ml/min/
1.73 m2 (IQR, 33-62), 60% were male, 13% had urine protein-creatinine ratio (UPCR; mg/mg)
>2.0 at study entry. Six ordered stages with varying combinations of eGFR categories (60-89,
45-59, 30-44 and 15-29 ml/min/1.73m?2) and UPCR categories (<0.5, 0.5-2.0, and >2.0) described
the risk continuum. Median times to event ranged from >10 years for eGFR 45-90 and UPCR
<0.5, to 0.8 years for eGFR 15- 30 and UPCR >2. Children with glomerular disease were
estimated to have a 43% shorter time to event than children with nonglomerular disease. Cross-
validation demonstrated risk patterns that were consistent across the ten subsample validation
models.

Limitations—Observational study, utilized cross validation rather than external validation

Conclusion—CKD staged by level of eGFR and proteinuria characterizes the timeline of
progression and can guide management strategies in children.

Index words

pediatric; chronic kidney disease (CKD); disease progression; proteinuria; urinary protein-
creatinine ratio (UPCR); estimated glomerular filtration rate (eGFR); children; disease staging;
end-stage renal disease (ESRD); risk pattern

Introduction

In adults and children, chronic kidney disease (CKD) is characterized by a progressive
decline in kidney function to the point of failure.1-3 Although CKD in children is
uncommon?, it represents a higher cost per individual than adult CKD care2. The average
life expectancy of pediatric CKD patients initiating renal replacement therapy (RRT) in
childhood in the US is only 38 years for those on dialysis and 63 for those with a kidney
transplant?. In order to identify patients who are at highest risk for complications of kidney
failure and other co-morbid complications of CKD, a classification system has been
developed by the KDIGO (Kidney Disease: Improving Global Outcomes) initiative based on
three domains — Cause of kidney disease, Glomerular filtration rate (GFR) category and
Albuminuria category (CGA)®. The classification system ranks patients' risk for progression
based on data derived from adults with CKD. These ordered categories have been promoted
for use in clinical practice to predict the risk of adverse outcome and guide management
strategies in adults with CKD. However a similar system has not been validated for children
with CKD.
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We used data collected from two large multi-center study consortia of children with CKD
(the Chronic Kidney Disease in Children (CKiD) prospective cohort study® and the Effect of
Strict Blood Pressure Control and ACE Inhibition on Chronic Renal Failure Progression in
Pediatric Patients (ESCAPE) clinical trial”) to develop a modified KDIGO classification
system for the pediatric CKD community. Classifying individuals by GFR, proteinuria
(urine protein-creatinine ratio [uP/C]) and CKD diagnosis, we define unique stages of CKD
progression risk. We also estimate progression timelines to help clinicians manage and plan
future clinical care needs. We use cross-validation to explore the robustness of the
classification system.

Study participants and design

Data in this analysis were pooled from CKiD and ESCAPE. CKiD is a prospective cohort
study of children with CKD from 54 pediatric nephrology centers in North America aged
1-16 years with an estimated GFR of 30-90 ml/min/1.73m2. The study design and objectives
have been previously reported®. ESCAPE is a randomized trial at 33 pediatric nephrology
centers in Western Europe in which 385 children, 3 to 18 years of age, with chronic kidney
disease (glomerular filtration rate of 15 - 80 ml/min/1.73 m?) received fixed-dose ramipril
and were randomly assigned to intensified blood-pressure control (with a target 24-hour
mean arterial pressure below the 50th percentile) or conventional blood-pressure control.
Patients were followed to a 50% decline of GFR or progression to ESRD.’ The research
protocols were approved by the institutional review boards at all participating sites and all
participants gave written informed consent and/or assent. Analysis was restricted to children
with estimated baseline GFR greater than 15 mL/min/1.73m?2, measured baseline uP/C and
follow-up time greater than zero.

Glomerular filatration rate (GFR) and biomarker measurement

For all participants, GFR was estimated using the CKiD-derived and published “bedside”
equation,8 consistent with kidney function assessment in clinical practice.

In CKiD and ESCAPE, serum creatinine was determined enzymatically. Proteinuria was
defined by the first-morning urine protein/creatinine ratio (uP/C)®. All creatinine assays used
IDMS-traceable standards.

Proteinuria rather than albuminuria was used in our assessment. Except in diabetes, tests for
total urine protein are preferred in children. The Up/c is a sensitive screening assay that is
considered to be the standard for the measurement of proteinuria in children with CKD.10

CKD Progression Outcome Definition

The primary outcome of CKD progression was a composite endpoint defined as the earliest
of either: (i) 50% reduction of baseline GFR, (ii) an estimated GFR less than 15 mL/min/
1.73m2, or (iii) initiation of renal replacement therapy (RRT) (dialysis or transplantation).
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Statistical analysis

Demographic and clinical characteristics of the study population were summarized overall
and by CKD diagnosis (glomerular vs. non-glomerular CKD) using median and interquartile
range (IQR) for continuous variables and percentage and frequency for categorical variables.
Differences by diagnosis were tested using Wilcoxon rank sum tests for continuous variables
and Chi-square tests categorical variables. We categorized GFR as delineated by KDIGO?®: >
90ml/min/1.73m? (G1), 60-89ml/min/1.73m?2 (G2), 45-59ml/min/1.73m? (G3a), 30-44
ml/min/1.73m?2 (G3b), and 15-29 mI/min/1.73m?2 (G4). We also modified the KDIGO
guideline classification by using proteinuria rather than albuminuria: uP/C < 0.5mg/mg,
0.5-2mg/mg and > 2mg/mg. As there were few children with baseline GFR = 90 ml/min/
1.73m?2 and uP/C = 0.5, such children (n=16) were reported in the study population
description but excluded from the principal analysis.

Beginning with 13 unique GFR-uP/C levels (4 GFR by 3 uP/C categories, plus a category of
GFR = 90 mL/min/1.73m? and uP/C<0.5), we used a recursive amalgamation algorithm
whereby GFR-UP/C levels with similar progression risks were combined iteratively.11-13
Specifically, accelerated failure time (AFT) models using a conventional generalized gamma
distribution modeled the time from study baseline to the composite event within baseline
GFR-uP/C levels, adjusting for CKD diagnosis and study cohort (CKID vs. ESCAPE).
Children who remained event-free at the end of their follow-up were censored at the time of
their last study visit. Likelihood ratio statistics of nested models were used to amalgamate
GFR-uP/C levels of similar risk for the event. The process was repeated until no further
amalgamation was warranted as determined by the a priori statistical cutoff criteria of 0.01.
This resulted in six CKD risk stages, labeled A (lowest risk) to F (highest risk). Robustness
of the risk order and discriminating ability of the six risk stages for the outcome was
evaluated in CKD-specific (glomerular vs. non-glomerular) and cohort specific (CKID vs
ESCAPE) sub-strata of the study population using area under the receiver-operator curve
(AUC).14’15

These final six risk stages were modeled with and without adjusting for diagnosis and cohort
as well as stratified by diagnosis to check for residual risk differences between diagnosis
groups or study cohorts; the goodness-of-fit of these models were compared using Akiake
information criteria (AIC). Parametrically estimated survival curves were compared to
empirical Kaplan-Meier survival curves for the six risk groups and diagnosis-specific event
times for the 101, 25™ and 50t percentiles of the study population were estimated.

The final model describing the risk stages was validated using cross validation methods®
with the data divided into ten random samples of 10% of the data 1718 Excluding each 10%
sample in turn, parameters were estimated in the remaining 90% of the data yielding .S as the
estimate of the survival function and for the 10% excluded w;= —/og S(t) should be a variate
from the standard exponential distribution (i.e., survival function = &%. An accurate model
fit is indicated by the degree of correspondence to standard exponential distribution, which
was assessed graphically by comparing the non-parametric Kaplan-Meier curve of the w;
from the 10 cross validations and subjected to the same censoring of the original data against
the survival function ¢ Zof the standard exponential.
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Analyses were performed using SAS statistical software SAS v9.3 (SAS Institute Inc., Cary,
NC, USA), the survival ROC package in R and TIBCO Spotfire S+ 8.2 for Windows.

Data were available for 1269 children, 891 from CKiD and 378 from ESCAPE. Children
missing baseline GFR or uP/C (n=26), having a baseline GFR less than 15 mL/min/1.73m2
(n=42), and having no follow-up data (n=32) were excluded from analysis. Thus, analysis
was restricted to 1169 children, 857 from CKiD (73%) and 312 from ESCAPE (27%). Six
CKIiD children in this analysis died during study follow-up. Of those, four experienced an
event prior to death; the other two were censored at their last CKID visit. Overall, there were
4698 person-years (median of 3.8 [interquartile range, 2.0-6.0] years per child) and 412
(35%) experienced the outcome of interest (renal replacement therapy, a GFR less than 15
mL/min/1.73m2, or a 50% decline in GFR from baseline) while undergoing follow-up (Table
1). The majority (75%) of children had non-glomerular diagnoses including congenital
anomalies of the kidney and urinary tract (CAKUT); the predominant glomerular diagnosis
was focal segmental glomerulosclerosis (29% of glomerular). Glomerular CKD children
were older and had higher levels of GFR and proteinuria (uP/C).

Figure 1 describes the follow-up time, events and empirical incidence rates, in each of the 15
baseline GFR-uP/C levels. Six risk stages described the progression continuum (Figure 1).
Specifically, the identified risk stages consist of stage A: GFR category of G1/2/3a and
uP/C< 0.5; stage B: GFR category of G2/3a and uP/C 0.5-2.0 or GFR category of G3b and
uP/C< 0.5; stage C: GFR category of G3b and Up/c between 0.5 and 2.0 or GFR category of
G2 and uP/C>2.0; stage D: GFR category of G4 and Up/c < 0.5 or GFR category of G3a and
uP/C>2./0; stage E: GFR category of G4 and Up/c between 0.5 and 2.0 or GFR category of
G3b and uP/C>2.0; and stage F: GFR category of G4 and uP/C>2.0. Risk for the composite
outcome increased with increasing proteinuria for a given GFR level and was either constant
or increased as GFR decreased for a given level of proteinuria. The six risk stages held their
rank of risk not only overall but also for CKD-specific sub-strata (glomerular and non-
glomerular) as well as for cohort-specific sub-strata (CKiD and ESCAPE) (Figure 2).
Similarly, the six-risk-stage model demonstrated effective discrimination for the clinical
outcome at 4 years in each of these sub strata. AUC in the non-glomerular and glomerular
CKD sub-strata were 0.83 and 0.80, respectively. Stratifying by cohort, the AUC for the
CKID and ESCAPE sub-strata were 0.79 and 0.90, respectively. AUC values =0.80 are
generally considered to reflect “excellent” discrimination by the marker being tested.14.15

We next compared nested models to see if either glomerular CKD diagnosis or cohort
affiliation carried any residual risk unexplained by the six GFR-uP/C risk stage levels. A
model that adjusted for glomerular CKD as a covariate provided the best overall fit of the
data. Stratifying by CKD diagnosis, specifically dividing the groups into glomerular and
non-glomerular disorders, did not offer improvement of fit. Neither adjustment nor
stratification by cohort (CKiD or ESCAPE) improved model fit, signifying that the model is
generalizable across the two studies. Figure 3 shows the fit of CKD-specific parametric
survival curves vs the empirical, Kaplan-Meier derived estimates.
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Figure 4 presents the parametrically estimated times from baseline to the event for the 101,
25" and 50t percentile of each diagnosis-specific risk stage. These estimates are derived
from the model including CKD diagnosis as a “main effect”, which is presented in Figure 2.
At any given risk stage, glomerular children were estimated to have a 43% shorter time to
event than that of non-glomerular CKD children. By risk stage F, 50% of the non-glomerular
CKD children are expected to experience the outcome within 1.3 (95% Cl, 1.0-1.7) years;
that estimate becomes less than one year for glomerular CKD children in risk stage F.

The ten validation risk models derived from 90%-subsamples of the data are presented in
Figure S1. Risk patterns across the dimensions of GFR and proteinuria were consistent
between the ten subsample validation models. Figure S2 shows the standardized times, w;
derived from the cross-validation superimposed on the survival function of the standard
lognormal LMO0,1]

Discussion

The current KDIGO guideline on CKD classification is based almost entirely on adult data.
To our knowledge, our study is the first to apply the principles of this classification to a large
cohort of pediatric CKD patients, combining two large multicenter studies via a multi-
national collaborative effort. To provide clinically useful measures of risk, we estimated the
times by which 10%, 25%, and 50% of the children in a given risk group will reach a
clinically defined event (50% decline in GFR, GFR <15 mL/min/1.73m?, or initiation of
RRT) using laboratory data that are obtained routinely in children with CKD. We developed
a classification system practical for pediatric CKD clinical care, which can be used to guide
pediatric CKD management. We presented the results on risk classification in a two-
dimensional graphic to facilitate a system analogous to the clinical use of the KDIGO
classification system® as applied to children. Our goal with this analysis was to develop a
clinically useful tool that would help the clinician at the bedside anticipate the timing of
needed interventions such as a pre-transplantation evaluation or placement of dialysis access
and communicate these to the families of children with CKD.

Our results indicate that the combination of GFR, proteinuria, and CKD diagnosis is more
informative for assessing the risk of disease progression in pediatric CKD patients than GFR
alone. Qualitatively, the ranking of risk was similar across both source cohorts and across
disease categories of glomerular and non-glomerular diagnoses. Despite the differences in
the CKiD and the ESCAPE cohorts, the stratified analysis presented in Figure 2 shows the
strikingly similar risk ordering even though the absolute risks are lower in the ESCAPE
group in whom blood pressure was strictly controlled.

Collectively, children with a glomerular etiology of disease showed faster progression after
controlling for risk stage than children with disease of nonglomerular cause. On average,
glomerular disease children had estimated progression times to the outcomes of interest that
were less than half those of non-glomerular disease children in the same risk stage. Thus, as
with the adult KDIGO guideline, pediatric CKD progression risk can be well defined by
three domains: GFR, proteinuria, and CKD diagnosis.
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The ability to combine data from the two cohorts is a strength of this study, as it helps assure
a classification system that applies to a broad and heterogeneous clinical population.
Children from the two cohorts were complementary regarding their distribution of GFR and
proteinuria: CKiD participants disproportionately had high baseline GFR and/or high
proteinuria while ESCAPE participants had low baseline GFR and/or low proteinuria.
Pooling the two cohorts provided adequate data to estimate risks across the full range of the
bivariate distribution of GFR and proteinuria.

By providing diagnosis-specific estimates of the 10™, 25M and 50t percentile of time to an
event for a patient in a given risk group, our results can speak to the necessary frequency of
monitoring, ranging from annual visits among those with low levels of proteinuria and
relatively preserved GFR to more frequent visits among those with heavier proteinuria and
eGFR < 30ml/min/1.73m2. Similarly, clinicians can use the quantitative information in our
analysis to plan the timing of referral for transplantation, or the need for catheter placement
and dialysis initiation.

Our risk staging definitions differed from the KDIGO guideline in that we used levels of
proteinuria, instead of albuminuria, as the classification criteria. This is consistent with a
CKD staging system tailored for a pediatric context, as causes of CKD in children are often
underlying dysplasias or congenital abnormalities (with a preponderance of tubular protein
losses), making albuminuria measurement less sensitive. In addition, since as many as 11%
of males and 19% of females in the 6-19 year age group in the US were found to have a
urine albumin concentration >30mg/L9, the specificity of modest increases in albuminuria
levels as an independent risk of progression of CKD in children of this age with renal
disease is weaker than in adults. Total urine protein loss has been shown to be an important
determinant of GFR decline in children with CKD%20.21 and higher degrees of proteinuria
are associated with lower GFR?. Further, the use of UPCR is not inconsistent with the adult
KDIGO system, which specified UPCR as the second preferred method for initial protein
testing (guideline recommendation 1.4.4.1)° as this is highly correlated with albuminuria.
22,23 | children, uP/C and urinary dipstick for protein remain useful and inexpensive tools
for CKD classification.?* A recently published study from CKiD has shown that the utility
of urine protein- and albumin-creatinine ratios in characterizing progression is similar.25 In
that study, when categories of urine albumin-creatinine ratio were created based on clinically
meaningful cutoff values of uP/C, the relative times to the composite end-point were almost
identical.

Our study has several limitations. In our classification, the lowest tertile of proteinuria was
less than 0.5 mg/mg, this is higher than the traditional definition of significant proteinuria
(0.2mg/mg)18 in children. In the CKiD and ESCAPE cohorts, participants with proteinuria <
0.2 mg/mg are rare, limiting our ability to statistically assess risk below this level. Of note, 2
categories of proteinuria used in this analysis are >0.5, corresponding roughly to an ACR of
>300 mg/g25, the very high and nephrotic range of albuminuria in the KDIGO guideline.
This highlights the severity of disease in this group of children affected with CKD, and the
need for more specific guidance on CKD staging in this vulnerable population.
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Additionally, we had relatively few children in our study sample that were followed beyond
7 years. The smaller number of children contributing information about renal survival
between 7 and 10 years after baseline limits the precision of our estimates of risk of ESRD
or halving of GFR at that length of time from initial presentation. Further, there are a
number of differences between the CKiD cohort and the ESCAPE cohort, including the fact
that CKiD is a longitudinal cohort study and ESCAPE is a clinical trial. However, in cohort
stratified analyses, the ordering of risk groups was maintained suggesting that differences
due not alter the nature of the relationship of GFR and proteinuria on progression risk.

Finally, our estimates of risk are based on the bedside eGFR equation, which uses only
serum creatinine. Although it is true that estimates of GFR which include both creatinine
and cystatin C are more accurate and demonstrate less bias than those using only
creatinine?, currently, at most centers only creatinine measures are readily available to
clinicians, hence we chose to use the more widely and rapidly available formula for
developing this clinical tool. Even with the use of the widely available measurement of
creatinine to estimate kidney function, we recognize that the estimates of risk presented here
are only applicable to developed nations with a population predominantly comprising those
of European ancestry. Further assessment of the applicability of this staging system in more
diverse populations is warranted.

In our primary analysis, we chose to use a conservative threshold of 50% loss of GFR in the
composite outcome to maintain a high specificity for progression. A threshold of 40%
decline in GFR has been more recently suggested?8; using this more liberal threshold would
increase the number of events by only 4% and therefore would be unlikely to change our
inferences.

We conclude that classification using a six-risk-stage model of eGFR category, levels of
proteinuria, and CKD diagnosis yields valuable prognostic information, with excellent
discrimination for outcomes for children with CKD. Our study on data from two large
studies in children with CKD adds to existing CKD classification guidelines and provides
evidence that this classification scheme can be applied across pediatric CKD practice to
inform follow up and clinical decision making. This classification system can be used as an
adjunct to clinical judgement in planning for timing of transplant evaluation or dialysis
access placement. Further study to externally validate this classification system in a separate
cohort of children with CKD would provide stronger evidence of its usefulness in clinical
care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Distribution of persons, person-years, CKD diagnosis, and events by categories of baseline

glomerular filtration rate (GFR) and urine protein-creatinine ratio (UPCR), N=1169. Each
cell in the table above describes: the number of subjects, overall and distributed by cohort
affiliation; prevalence of glomerular CKD; number of events; number of person-years; and
empirical incidence rate (per 100 person-years) of the composite outcome event (50% GFR
decline, renal replacement therapy, or GFR < 15 mL/min/1.73m?2) with 95% confidence
interval. Cell coloring defines the final six GFR/proteinuria risk stages ordered from best
prognosis to worst prognosis as follows: A (dark green), B (light green), C (gold), D (tan), E
(salmon), F (red). Incidence rates (IR) expressed as events per 100 person years. Cells with
<15 subjects do not have an incidence rate calculated (n/a).
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Overall, Nonglomerular, Glomerular, CKID, ESCAPE,
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Figure 2.

Amalgamated number of subjects, events, person-years and empirical incidence rates in the
final six GFR/proteinuria risk stages, A through F, overall, by CKD diagnosis and cohort
affiliation. This table shows the preservation of risk order for the final risk stages within
diagnosis and cohort substrata. Areas under the Receiver-Operator Curve (AUC) quantify
the ability of the six risk stages to discriminate risk of progression in the diagnosis and
cohort substrata. Abbreviations: IR, incidence rate expressed in events per 100 person years
(PY). 2 - The area under the ROC curve is calculated at 4 years of follow up.
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Figure 3.
Parametric and non-parametric survival curves for the six risk stages (A-F) modeling time

from study enrollment (baseline) to composite clinical event (50% GFR decling, renal
replacement therapy, or GFR less than 15 mL/min/1.73m?), stratified by CKD diagnosis
(N=868 non-glomerular and N=285 glomerular CKD children. Parametric survival curves
are generated from an accelerated failure time model using a conventional generalized
gamma distribution with seven beta indicator parameters: six risk stages (A-F) and
glomerular CKD.
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Risk Group  Study

Person-years

Events

Expected time to event (95% Cl), years*

10t Percentile

25t Percentile

50t Percentile

B Non-Glomerular | 236 1205.46 66 2.8(2.3,3.3) |5.5(4.7,6.4) |>10
Glomerular 65 233.71 25 1.6(1.3,2.0) |3.2(2.5,3.8) |6.2(4.9,7.5)

C Non-Glomerular | 82 397.47 43 1.9(1.5,2.3) |3.7(2.9,4.6) 7.4 (5.8,9.0)
Glomerular 36 121.69 14 1.1(0.8,1.4) |2.1(1.6,2.7) |4.2(3.2,5.2)

Figure 4.

Expected times — 101, 25t and 50t (percentile) - from GFR/proteinuria risk

characterization (study baseline) to clinical composite event (50% GFR decline, renal
replacement therapy, or GFR less than 15 mL/min/1.73m?), for six GFR/proteinuria risk
stages, by CKD diagnosis. Estimated event times are generated from an accelerated failure
time model using a conventional generalized gamma distribution with seven beta indicator
parameters: six risk stages (A-F) and glomerular CKD. Time to event is from baseline (time
at which risk level was defined). Event is defined as RRT, GFR<15mL/min/173m2 or 50%

GFR decline.
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Clinical and Demographic Baseline Characteristics of 1169 Children with CKD, Overall
and by CKD Diagnosis

Baseline Characteristic

CKD

Overall (N=1169) | Non-glomerular (n=872) | Glomerular (n=297) | p-value for difference?

Age, y | 12[8, 15] | 11[7, 14] | 14 [10, 16] | <0.001
Male | 60% (707) | 63% (552) | 52% (155) | <0.001
GFR, mL/min/1.73m2 | 4733, 62] | 45 [31, 58] | 56 [40, 76] | <0.001
CKD Stage <0.001

1 5% (60) 3% (27) 11% (33)

2 23% (265) 19% (165) 34% (100)

3a 27% (313) 28% (240) 25% (73)

3b 26% (306) 29% (249) 19% (57)

4 19% (225) 22% (191) 11% (34)
UPCR, mg/mg 0.37[0.12, 1.06] 0.32[0.11, 0.83] 0.68 [0.21, 2.05] <0.001
UPCR category <0.001

<0.5 mg/mg 56% (656) 60% (526) 44% (130)

0.5-2.0 mg/mg 31% (358) 31% (268) 30% (90)

>2.0 mg 13% (155) 9% (78) 16% (77)
Scr, mg/dL | 1.20[0.90, 1.80] | 1.290.90, 1.80] | 1.10[0.81, 1.60] | <0.001
CKiD Study Cohort | 73% (857) | 68% (596) | 88% (261) | <0.001
Years of follow-up | 3.8[2.0,6.0] | 4.1[2.6,6.2] | 2.3[1.2,3.9] | <0.001
Event Type at last follow-up <0.001

Censored (event free) 65% (757) 66% (574) 62% (183)

RRT (dialysis or transplant) 6% (65) 6% (48) 6% (17)

GFR<15 ml/min/1.73m? 12% (137) 13% (116) 7% (21)

50% GFR decline from 18% (210) 15% (134) 26% (76)

Values for categorical variables given as count (percentage), for continuous variables, as median [interquartile range]. Abbreviations: GFR,

glomerular filtration rate; CKD, Chronic Kidney Disease; UPCR, urine protein-creatinine ratio; Scr, serum creatinine; CKiD, Chronic Kidney
Disease in Children cohort study; RRT, renal replacement therapy.

a ... . . . ] . . . .
Testing differences by CKD diagnosis and derived from Wilcoxon rank sum tests for continuous variables and Chi-square tests for independence

for categorical variables
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