R E PO R T S CLINICAL RESEARCH

KIReports.org

Prediction of Short- and Long-Term R) Chec forupates
Outcomes in Childhood Nephrotic
Syndrome

Simon A. Carter'?, Shilan Mistry>*®, Jessica Fitzpatrick®, Tonny Banh®, Diane Hebert'"®,
Valerie Langlois'®, Rachel J. Pearl’>®’, Rahul Chanchlani'®, Christoph P.B. Licht'*?,
Seetha Radhakrishnan'®, Josefina Brooke', Michele Reddon’, Leo Levin'®,

Kimberly Aitken-Menezes', Damien Noone'® and Rulan S. Parekh'3>"%11.12

"Division of Nephrology, The Hospital for Sick Children, Toronto, Ontario, Canada; 2The Children’s Hospital at Westmead,
Westmead, New South Wales, Australia; 3Child Health Evaluative Sciences, Research Institute, The Hospital for Sick Children,
Toronto, Ontario, Canada; “Genetics and Genome Biology, Research Institute, The Hospital for Sick Children, Toronto, Ontario,
Canada; °Department of Pediatrics, Faculty of Medicine, University of Toronto, Toronto, Ontario, Canada; ®Department of
Pediatrics, Brampton Civic Hospital, William Osler Health Services, Brampton, Ontario, Canada; ’Pediatric Nephrology Clinic,
Peel Memorial Centre for Integrated Health and Wellness, William Osler Health Services, Brampton, Ontario, Canada; ®Division
of Pediatric Nephrology, McMaster Children’s Hospital, Hamilton, Ontario, Canada; 9Program in Cell Biology, Research Institute,
The Hospital for Sick Children, Toronto, Ontario, Canada; '°Department of Pediatrics, Medicine, Faculty of Medicine, University
of Toronto, Ontario, Canada; ''Department of Epidemiology, Dalla Lana School of Public Health, University of Toronto, Ontario,
Canada; and "?Department of Health, Policy, Management and Evaluation, University of Toronto, Ontario, Canada

Introduction: It is unknown whether steroid sensitivity and other putative risk factors collected at baseline
can predict the disease course of idiopathic nephrotic syndrome in childhood. We determined whether
demographic, clinical, and family reported factors at presentation can predict outcomes in idiopathic
nephrotic syndrome.

Methods: An observational cohort of 631 children aged 1 to 18 years diagnosed with idiopathic nephrotic
syndrome between 1993 and 2016 were followed up until clinic discharge, 18 years of age, end-stage
kidney disease (ESKD), or the last clinic visit. Baseline characteristics were age, sex, ethnicity, and initial
steroid sensitivity. Of these, 287 (38%) children also reported any family history of kidney disease, pre-
ceding infection, microscopic hematuria, and history of asthma/allergies. The outcomes were complete
remission after initial steroid course, need for a second-line agent, frequently relapsing disease, and long-
term remission. The discriminatory power of the models was described using the c-statistic.

Results: Overall, 25.7% of children had no further disease after their initial steroid course. In addition,
31.2% developed frequently relapsing disease; however, 77.7% were disease-free at 18 years of age.
Furthermore, 1% of children progressed to ESKD. Logistic regression modeling using the different base-
line exposures did not significantly improve the prediction of outcomes relative to the observed fre-
quencies (maximum c-statistic, 0.63; 95% confidence interval [Cl], 0.59-0.67). The addition of steroid
sensitivity did not improve outcome prediction of long-term outcomes (c-statistic, 0.63; 95% Cl, 0.54-0.70).

Conclusions: Demographic, clinical, and family reported characteristics, specifically steroid sensitivity, are
not useful in predicting relapse rates or long-term remission in idiopathic nephrotic syndrome. Further
studies are needed to address factors that contribute to long-term health.

Kidney Int Rep (2020) 5, 426-434; https://doi.org/10.1016/j.ekir.2019.12.015

KEYWORDS: child; epidemiology; nephrotic syndrome; outcomes; pediatric; prognosis

© 2020 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

See Commentary on Page 383 primarily use steroid sensitivity as the marker of
C orticosteroids are the mainstay of therapy for overall prognosis. Families of children presenting with
children with nephrotic syndrome, and clinicians their first episode of nephrotic syndrome wish to know

whether their child will achieve complete remission,
and what their child’s kidney outcome will be. At
Correspondence: Rulan Parekh, Division of Nephrology, Hospital presentation, most children with nephrotic Syndrome

for Sick Children, 555 University Avenue, Toronto, Ontario M5G T . .
1X8, Canada. E-mail: rulan parekh@sickkids.ca are indistinguishable phenotypically and all are treated

Received 5 February 2019; revised 31 October 2019; accepted 18 with an initial treatment course consisting of 3 to 5
December 2019; published online 27 December 2019 months of steroids. Yet, the subsequent clinical course

426 Kidney International Reports (2020) 5, 426-434


https://doi.org/10.1016/j.ekir.2019.12.015
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:rulan.parekh@sickkids.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ekir.2019.12.015&domain=pdf

SA Carter et al.: Predictions in Childhood Nephrotic Syndrome

and outcomes are highly variable. We are unable to
distinguish at disease onset between those children
who will never relapse again and those who relapse
infrequently or frequently. Furthermore, we cannot
predict which patients will require 1 or more steroid-
sparing medications or those who are at risk of pro-
gressing to ESKD.

Previous studies have shown differences in the fre-
quencies of idiopathic nephrotic syndrome outcomes
when stratified according to characteristics available at
presentation such as sex, age, and ethnicity.lf5 Male
sex has been associated with a higher risk of relapsing
disease after presentation.”” Children younger than 5
years of age at presentation also have been reported to
have a higher chance of subsequent relapses and
frequently relapsing disease.” ' More recently, we have
shown that despite a higher incidence of nephrotic
syndrome among children with South Asian or East/
Southeast Asian ancestry, these ethnic groups appear to
be at a lower risk of frequently relapsing disease
compared with children of European ancestry.” It also
is unknown whether self-reported characteristics such
as allergies or infections at presentation can provide
better prediction of subsequent outcomes.

After diagnosis, alack of response to the initial steroid
course within 8 weeks is defined as initial steroid resis-
tance and is associated with worse kidney outcomes.”” It
has been reported previously that approximately 20% of
children with initial steroid-resistant nephrotic syn-
drome develop kidney failure in childhood."” '* More
recent studies have shown that although a genetic
diagnosis heralds a poor kidney outcome in steroid-
resistant nephrotic syndrome, the absence of a genetic
abnormality in these children is strongly predictive of
response to calcineurin inhibitor therapy and better
outcomes.'’ Moreover, 67% of children with genetic
causes of steroid-resistant nephrotic syndrome devel-
oped ESKD compared with 27% of those with a nonge-
netic diagnosis.13 Initial counseling of parents regarding
both steroid-sensitive and steroid-resistant nephrotic
syndrome remains generic and cannot be individualized.
Counseling about steroid resistance is also delayed while
waiting for genetic testing results.

We aimed to determine whether baseline de-
mographic, clinical, and self-reported factors present at
the onset of nephrotic syndrome could be used to
predict long-term outcomes, specifically relapse rates,
complete remission, and ESKD.

METHODS

Study Population and Data Collection
We studied 2 cohorts of children with presumed idio-
pathic nephrotic syndrome (i.e., nephrotic range
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proteinuria, edema, hyperlipidemia, and hypo-
albuminemia) at presentation aged between 1 and 18
years who presented across the Greater Toronto Area in
Canada. Children with secondary or congenital causes of
nephrotic syndrome (age, <1 year) were excluded from
both cohorts. The first cohort consisted of 287 partici-
pants enrolled in the Insight into Nephrotic Syndrome:
Investigating Genes, Health, and Therapeutics
(INSIGHT) study. INSIGHT collected self-reported data
at baseline and then annually, and also longitudinal
outcomes from incident and prevalent children with
nephrotic syndrome from 2005 to 2016. The cohort study
design has been described previously.”' Ethics review
board approval was obtained.

The second cohort consisted of 344 children pre-
senting with presumed idiopathic nephrotic syndrome
identified retrospectively using a pre-existing institu-
tional database from 1993 to 2011. If a child was
diagnosed after 2011, and was not enrolled in the
INSIGHT study, they were not included in the present
study (n = 87). Basic demographic data were available
but there was no self-reported information for this
group. For both cohorts, data on urinalysis, relapse
dates, second-line medications, discharge dates, and
ESKD were abstracted from electronic medical records
from the time of initial diagnosis onward.

The initial treatment protocol consisted of predni-
sone (or prednisolone) 60 mg/m*/day for 6 weeks fol-
lowed by a standard tapering course since 2000, which
was previously described.”'” Second-line agents con-
sisted of cyclophosphamide, cyclosporine, tacrolimus,
mycophenolate mofetil, and levamisole. Third-line
agents included other second-line agents not already
tried and rituximab.

Exposure

All children had their sex, age at diagnosis, and
ethnicity recorded. Ethnicity was determined using the
self-reported ethnicities of the child’s 4 grandparents.
If not available by self-report, ethnicity was deter-
mined using health records or from the naming data-
bases Nam Pehchan and Quan’s Chinese Name List as
described previously.” Parents (or child-reported
questionnaires) provided information on prior history
of eczema, asthma, rhinitis, hay fever, kidney disease
in the family (defined as a history of kidney disease or
requirement for a kidney transplant), preceding in-
fections (fever, tuberculosis, jaundice, or malaria 12
months before diagnosis, or viral illness in the past 6
months), or low birth weight/prematurity. All ques-
tionnaires used standard definitions for allergic condi-
tions. Microscopic hematuria was defined as urinalysis
positive for heme at or shortly after the diagnosis of
nephrotic syndrome. Insufficient information from
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families was available on time to remission of protein-
uria after initiation of steroids. We therefore defined
initial steroid resistance as starting a second-line agent
during the initial steroid course by the attending
nephrologist owing to lack of response.

Outcomes

Outcomes assessed were complete remission after initial
course, receipt of a second-line agent, frequently re-
lapsing disease, and long-term remission in childhood.
Complete remission after the initial steroid course was
defined as no further relapses or prescribed medica-
tions after the initial 16-week period and subsequent
discharge from the clinic. A second-line agent was
defined as any immunosuppressant other than steroids.
Frequently relapsing disease was defined according to
the Kidney Disease: Improving Global Outcomes
guidelines as follows: 2 or more relapses within 6
months, or 4 or more relapses within any subsequent
12-month period.® Long-term remission during child-
hood was defined as discharge from the clinic before
age 18 years. We also calculated the proportion of
children discharged from the clinic who were 18 years
of age or older at the censor date. ESKD in childhood
was recorded as the date of chronic dialysis
commencement or receiving a kidney transplant.

Statistical Analysis

Descriptive statistics of all exposure variables included
means, medians, and proportions, and were compared
between the 2 cohorts. Frequency estimates for all
outcomes of interest were estimated from the combined
cohort.

All combinations of baseline covariates were exam-
ined in individual outcome models. The ability of the
different models to discriminate between outcomes was
assessed by receiver operating characteristic analysis.
The area under each receiver operating characteristic
curve (equal to the concordance statistic [c-statistic])
was evaluated and 95% CIs were estimated using the
bootstrap method with 10,000 replicates. A c-statistic of
1.0 indicated that the model discriminated the outcomes
perfectly, whereas a c-statistic of 0.5 indicated that the
model provided no discrimination. We tested whether
results were similar when the analyses were restricted to
those who were age 18 years or older at the censoring
date. All analyses were performed in R version 3.4.2 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

A total of 631 children were followed up for a median of
3.9 years (interquartile range, 2.1-6.6 years). A total of
287 (46%) children had reported exposures available
at disease onset, collected using the child-reported
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questionnaire. All children were followed up until a
disease-free discharge from the clinic (n = 358), transi-
tioned to adult care (n = 56), received dialysis or kidney
transplant (n = 7), or until the last clinic follow-up
(n = 210). For our analyses, we excluded children
whose care was transferred to another center shortly
after diagnosis (n = 10) or were lost to follow-up (n = 13).

Baseline characteristics are summarized in Table 1.
The ratio of males to females was 1.6:1, with median
age at diagnosis of 3.7 years (interquartile range, 2.6—
6.3 years). Major ethnic ancestry subgroups within the
cohort were South Asian (33.6%), European (26.0%),
and East/Southeast Asian (9.0%). Microscopic hema-
turia was present among 42.5% at disease onset. The
median time from diagnosis to recruitment and
assessment of baseline exposures via questionnaire was
18.6 months (interquartile range, 3.6—48 months).
Among those with self-reported or family reported
exposures, 70.4% had a history of prior infection,
61.3% had a history of allergies or wheezing, and
26.5% had a family history of renal disease. Initial
steroid resistance was diagnosed in 6.7% of children.
Baseline and clinical characteristics of children who
had initial steroid resistance are summarized in
Supplementary Table SI.

Table 1. Baseline demographic and clinical characteristics of
children with childhood nephrotic syndrome by cohort

N (%)
INSIGHT Historical Combined
(n = 287) (n=344) (n = 631) Pvalue
Male 186 (64.8) 201 (68.4) 387 (61.3) 0.8
Female 101 (35.2) 143 (41.6) 244 (38.7)
Age at diagnosis, 36 (2.7-58) 38(26-74) 37 (26-63) 03
median (IQR)
South Asian 115 (40.0) 98 (28.56) 213 (33.6) 0.02
European 69 (24.0) 95 (27.6) 164 (26.0)
East Asian 24 (8.3) 33 (9.6) 57 (9.0)
Other background 74 (27.5) 118 (34.3) 197 (31.2)
Initial steroid resistance 15 (6.2) 27 (1.8) 42 (6.7) 0.2
Positive family hisfory of 76 (26.5) = =
kidney disease
Presence of microscopic 122 (42.5) - -
hematuria
Any history of allergies or 176 (61.3) = =
wheezing
Any history of prior infections 202 (70.4) - -
Low birth weight/premature 34 (11.8) - -
children
Underwent kidney biopsy 14 (4.9) 82 (23.8) 96 (156.2) <0.01
Minimal change disease 5 (1.7) 46 (13.4) 51 (8.1) 0.06
Focal segmental 9@.1 26 (7.7) 35 (b6.5)
glomerulosclerosis
Other” 0 10 (2.9) 10 (1.6)
Months from diagnosis fo 18.6 (3.6-47.8) - -

enrollment, median (IQR)

INSIGHT, Insight into Nephrotic Syndrome: Investigating Genes, Health, and Thera-
peutics; 1QR, interquartile range.
0ther includes membranous nephropathy, IgA nephropathy, no pathogenic diagnosis.
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Overall, 25.7% had complete remission after the
initial course. The frequency of long-term remission in
childhood was 85.2% in the historical cohort and
56.7% in the combined cohort. Of 301 children who
were age 18 years or older at the census date, 234
(77.7%) had been discharged from the clinic. The fre-
quency of complete remission after the initial course,
the use of a second-line agent, and frequently relapsing
disease at 6, 12, and 18 months was similar in both
cohorts (Table 2). In the historical cohort, 29.7% of
children satisfied the criteria for frequently relapsing
disease, 13.1% of children were transitioned to adult
care, and 1.7% developed ESKD in childhood. Baseline
and clinical characteristics of children who developed
ESKD are summarized in Supplementary Table S2.
There were no deaths observed during the study.

Figure 1 summarizes the disease course observed as
categorized by initial steroid response, subsequent
disease course, and by the final outcome. After disease
onset, 143 children (24%) with initially steroid-
sensitive nephrotic syndrome achieved complete
remission. There were 193 (33%) initially steroid-
sensitive children who had a frequently relapsing
course. The remaining 253 children (43%) with steroid-
sensitive disease had an infrequently relapsing course.

Table 2. Outcome frequencies in childhood nephrotic syndrome

N (%)
INSIGHT Historical Combined
(n = 287) (n=344) (n= 631) Pvalue
Years followed up, 3.3 (1.8-5.5) 4.6 (2.5-7.4) 3.9 (2.1-6.6) <0.001
median (IQR)
Complete remission affer 74 (25.6) 88 (25.6) 162 (25.7) 0.9
initial course
Received a second-line 146 (50.9) 156 (45.3) 302 (47.9) 0.2
agent”
Cyclophosphamide 3 (1.0 21 (6.1) 23 (3.6) <0.001
Levamisole 4 (1.4 54 (15.7) 58 (16.9)  <0.001
Calcineurin inhibitors 139 (48.4) 128 (37.2) 267 (42.5) 0.005
Mycophenolate mofetil/ 19 (6.6) 19 (6.5) 38 (6.0) 0.6
mycophenolate
Rituximab 13 (4.5) 6 (1.7) 19 3.0) 0.06
Frequently relapsing disease 95 (33.1) 102 (29.7) 197 (31.2) 0.4
(any)
Frequent relapses within 54 (18.9) 62 (18.1) 116 (18.4) 0.8
6 mo
Frequent relapses within 42 (14.6) 47 (13.7) 89 (14.1) 0.7
12 mo
Frequent relapses within 38 (13.2) 35 (10.2) 73 (11.6) 0.3
18 mo
Long-ferm remission in 65 (22.6) 293 (85.2) 358 (66.7) <0.001
childhood
ESKD in childhood 4 (1.4) 6 (1.7) 10 (1.6) 0.8
Transitioned to adult care 11 (3.8) 45 (13.1) 56 (8.9) <0.001
Still actively followed up 210 (73.2) 0 (0) 210 (33.3) -

ESKD, end-stage kidney disease; INSIGHT, Insight into Nephrotic Syndrome: Investi-
gating Genes, Health, and Therapeutics; IQR, interquartile range.

*Any treatment after that with the first-line agent is classified as treatment with a
second-line agent. Note that a patient may receive multiple second-line treatments
according to this definition.

Kidney International Reports (2020) 5, 426-434

CLINICAL RESEARCH

For those children with initial steroid resistance, 19
(45%) had no further relapses and were discharged after
treatment with a second-line agent. Similarly, 19 chil-
dren (45%) with initial steroid resistance who respon-
ded to second-line therapy had subsequent relapses.

Overall, 1.7% of children (n = 10 of 631) developed
ESKD; approximately 1% of children who were
initially steroid sensitive (n = 7 of 589), and approxi-
mately 7% of children who were initially steroid
resistant (n = 3 of 42; P = 0.02) (Figure 1). There was
higher odds of steroid response and ESKD (odds ratio,
6.40; 95% CI, 1.34-24.00). Receiver operating charac-
teristic analysis for ESKD showed that steroid resis-
tance or other factors were not predictive because all
95% CIs contained 0.5 which indicates that the model
provides no discrimination (Supplementary Table S3).

Table 3 compares the predictive performance of the
logistic regression models for the outcomes of complete
remission after presentation, receipt of a second-line
agent, frequently relapsing disease, and long-term
remission in childhood. Despite the slightly higher
proportion of ESKD among those with initial steroid
resistance, all models, which included demographic
characteristics and initial steroid response, provided
poor discrimination with only modest improvement
from the line of identity (maximum c-statistic, 0.63;
95% CI, 0.59-0.67). Furthermore, the addition of a
history of allergies, preceding infection, baseline body
mass index, low birthweight/prematurity, a family
history of kidney disease, presence of microscopic he-
maturia at presentation, and initial steroid resistance
did not improve model predictive performance mea-
sures (maximum c-statistic, 0.63; 95% CI, 0.54-0.70)
beyond multivariable adjustment for age, sex, and
ethnicity (maximum c-statistic, 0.63; 95% CI, 0.55—
0.70). The measures of association of baseline de-
mographic and clinical characteristics with these
outcomes are shown in Supplementary Table S4.

Among those age 18 years or older at the census date,
age at diagnosis was a fair predictor of long-term
remission in childhood (c-statistic, 0.71; 95% CI, 0.63—
0.79); older age was associated with lower odds of long-
term remission in childhood (per 1-year increase: odds
ratio, 0.84; 95% CI, 0.80-0.89). Discrimination remained
poor for the outcomes of complete remission after pre-
sentation, receipt of a second-line agent, and frequently
relapsing disease (data not shown). Furthermore, these
results were robust to restricting the analysis to par-
ticipants with at least 4 years of follow-up.

DISCUSSION

In a large multiethnic cohort, we showed that children
with nephrotic syndrome have an excellent prognosis,
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n =108

(n=162)
censor = 50

Infrequently relapsing
(n = 268)
censor = 82

No remission
n=4

Frequently relapsing
(n=197)

censor =75

Discharge
n =358

Transition

Renal failure
n=10

n =56

*censor: children were administratively censored at end of study as they were still actively being followed

Figure 1. Flow diagram indicating the number of children with idiopathic childhood nephrotic syndrome categorized by disease course and by

outcome in childhood.

with almost 80% achieving long-term remission before
18 years of age. Only 1.7% progressed to ESKD.
Steroid-sensitive and initially steroid-resistant disease
also had comparable long-term outcomes. A quarter of
children achieve complete remission after the initial
course of steroid, approximately 40% have infre-
quently relapsing disease, and 30% have frequently
relapsing disease. We report that despite incorporating
known and putative baseline risk factors such as age,
sex, ethnicity, preceding allergies or infection, or a
family history of kidney disease, we remain unable to
improve prediction of the subsequent disease trajectory
in childhood nephrotic syndrome. Most importantly,
incorporating initial steroid resistance failed to improve
prediction of any short- or long-term outcome.
Families living with nephrotic syndrome should be
counseled using the overall observed frequencies of
various outcomes and not adjusted for baseline char-
acteristics, such as age at diagnosis, sex, or ethnicity.
Complete remission after the initial course occurs in
approximately 1 in 4 children, similar to previous re-
ports of 20% to 30%.""” Frequently relapsing disease
occurs in approximately 1 in 3 children, and 1 in 2
children receive second-line therapy, consistent with
studies previously reporting 16% to 67%."""">"'°
Ultimately, 3 in 4 children can expect to achieve
freedom from disease in childhood. This observation is
consistent with the common advice that the disease will
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likely become quiescent by age 18. Kidney failure is
also rare in childhood and importantly there were no
deaths observed. Conveying this information to fam-
ilies is important for counseling and understanding the
longitudinal course in the majority of children with
nephrotic syndrome. An educational infographic was
designed to communicate this essential information
and better inform families, while improving knowledge
retention (available at https://lab.research.sickkids.
ca/parekh/patients, and as a Supplementary
Infographic).”’18

Prior studies have suggested an inverse linear rela-
tionship between length of remission and subsequent
relapse,” with 25% to 40% of children continuing to
relapse after puberty and into adulthood.'®'”*" we
estimated that approximately 80% of children were
discharged from the clinic with complete remission in
childhood and likely no subsequent disease during
adulthood. However, without follow-up evaluation
after 18 years of age, we cannot be completely certain
that the majority of people with childhood-onset
nephrotic syndrome remain disease-free in adulthood.

Most significantly, initial steroid resistance only
marginally improved predictive model performance,
but was not a reliable prognostic indicator of
frequently relapsing course. The most accurate model
using steroid resistance had a c-statistic of 0.67,
compared with 0.63 without steroid resistance, which

Kidney International Reports (2020) 5, 426-434
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Table 3. Discriminatory performances of logistic regression models in childhood nephrotic syndrome

Complete remission
after initial course

Requirement for
second-line agents

Frequently relapsing
disease (any)

Long-term remission
in childhood

Covariate(s) Discrimination: c-statistic (95% Cl)

Combined cohort
Age
Sex
Ethnicity
Initial steroid resistance
Baseline BMI
Age, sex, ethnicity
Age, sex, ethnicity, initial steroid resistance
Age, sex, ethnicity, initial steroid resistance, baseline BMI
INSIGHT
Age
Sex
Ethnicity
Hematuria
Initial steroid resistance
Allergies
Prior infection
Family hisfory
Low birth weight/prematurity
Baseline BMI
Age, sex, ethnicity
Age, sex, ethnicity, initial steroid resistance
Age, sex, ethnicity, hematuria
Age, sex, ethnicity, hematuria, initial steroid resistance
Age, sex, ethnicity, hematuria, initial steroid resisfance, allergies,
family history, prior infection
Age, sex, ethnicity, hematuria, initial steroid resistance, allergies,
family hisfory, prior infection, low birth weight/prematurity, baseline BMI

0.55 (0.50-0.60)
0.52 (0.48-0.57)
0.53 (0.48-0.58)
0.53 (0.51-0.56)
0.55 (0.49-0.62)
0.57 (0.52-0.63)
0.59 (0.54-0.64)
0.60 (0.54-0.67)

0.52 (0.44-0.60)
0.55 (0.48-0.61)
0.55 (0.48-0.63)
0.50 (0.43-0.57)
0.55 (0.51-0.59)
0.53 (0.46-0.59)
0.51 (0.45-0.57)
0.53 (0.46-0.59)
0.52 (0.47-0.56)
0.55 (0.47-0.63)
0.57 (0.49-0.65)
0.61 (0.53-0.69)
0.58 (0.50-0.66)
0.63 (0.54-0.70)
0.61 (0.53-0.69)

0.63 (0.55-0.71)

0.50 (0.46-0.55)

0.51 (0.47-0.55)

0.55 (0.51-0.59)
a

0.46 (0.40-0.52)

0.55 (0.51-0.60)

a

0.56 (0.50-0.62)

0.53 (0.46-0.60)
0.55 (0.50-0.61)
0.52 (0.45-0.58)
0.52 (0.45-0.58)
a
0.51 (0.45-0.56)
0.51 (0.46-0.56)
0.55 (0.50-0.61)
0.52 (0.48-0.56)
0.58 (0.51-0.65)
0.57 (0.51-0.64)
0.60 (0.53-0.66)

a

0.53 (0.48-0.58)
0.51 (0.47-0.55)
0.56 (0.51-0.61)
0.53 (0.52-0.55)
0.52 (0.46-0.58)
0.58 (0.53-0.63)
0.58 (0.53-0.62)
0.51 (0.45-0.58)

0.51 (0.44-0.58)
0.51 (0.45-0.57)
0.53 (0.46-0.59)
0.55 (0.49-0.61)
0.54 (0.52-0.56)
0.55 (0.49-0.61)
0.51 (0.45-0.56)
0.51 (0.45-0.57)
0.50 (0.46-0.54)
0.55 (0.48-0.62)
0.54 (0.47-0.61)
0.56 (0.50-0.63)
0.57 (0.49-0.64)
0.53 (0.45-0.62)
0.57 (0.48-0.65)

0.55 (0.46-0.64)

0.63 (0.59-0.67)
0.50 (0.46-0.54)
0.53 (0.49-0.58)
0.51 (0.49-0.53)
0.55 (0.49-0.61)
0.55 (0.51-0.60)
0.55 (0.51-0.60)
0.54 (0.48-0.60)

0.64 (0.56-0.71)
0.51 (0.44-0.58)
0.55 (0.47-0.62)
0.55 (0.48-0.62)
0.51 (0.49-0.54)
0.54 (0.48-0.62)
0.51 (0.45-0.57)
0.51 (0.44-0.57)
0.51 (0.46-0.56)
0.58 (0.49-0.66)
0.63 (0.55-0.70)
0.64 (0.57-0.71)
0.63 (0.56-0.71)
0.63 (0.56-0.71)
0.63 (0.55-0.71)

0.67 (0.60-0.75)

BMI, body mass index; INSIGHT, Insight into Nephrotic Syndrome: Investigating Genes, Health, and Therapeutics.

#Models including initial steroid resistance were not reported because these patients received a second-line agent by definition.

NB, null value for C statistics is 0.50.

is slightly better than 0.5, indicating no better than
random chance. Furthermore, we observed similar
outcome frequencies in children with either initial
steroid resistance or steroid sensitivity, which has im-
plications for family counseling. Although there was a
greater proportion of children with initial steroid
resistance (~7%) who developed ESKD, there was a
large portion of children with steroid resistance who
responded to calcineurin inhibitors (90%). Initial
steroid-resistant nephrotic syndrome necessitates the
use of calcineurin inhibitors. In this group, response to
treatment has a more favorable long-term outcome in
those in whom no genetic abnormality was found,"’
resulting in preservation of renal function.” We chal-
lenge the current model of counseling families early in
the disease course regarding prognostic information
based on initial steroid sensitivity alone given the
heterogeneity of patients classified as steroid resistant.

Demographic, clinical, and self-reported factors do
not usefully predict outcomes in childhood nephrotic
syndrome. Some reports correlate male sex with a
higher likelihood of a subsequent relapsing course.

Kidney International Reports (2020) 5, 426-434

This is not consistent in all studies, possibly owing to
small sample size, variable follow-up, or variability in
the outcomes reported. ”**'”*' The higher incidence of
nephrotic syndrome in boys possibly relates to disease
onset only, and does not improve the ability to predict
long-term outcomes. Younger age at diagnosis also is
associated with a relapsing course, ">’ but not consis-
tently.”' >’ Some studies have suggested that teenagers
presenting with nephrotic syndrome have a higher
likelihood of kidney failure, with rates of ESKD from
3.6% to 10.2%.°"*” The higher rates observed may be
owing to selection bias, with a focus on children who
have progressive or relapsing disease. In contrast, we
account for all children with incident nephrotic syn-
drome, with standardized ascertainment of outcomes
over follow-up and we report low rates of progressive
kidney disease.

Previously, we reported that the incidence of
nephrotic syndrome differed by ethnic subgroups, and
that children of South and East Asian ancestry were
less likely to relapse, have frequently relapsing disease,
or receive a second-line agent compared with children
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of European ancestry.”*® Even though the relative risk
of various outcomes differed by ethnic subgroup, the
effect of ethnicity in conjunction with age and sex in
prediction of outcomes was only modest. In addition,
the clinical course after using steroid-sparing agents is
similar regardless of ethnicity. Ethnicity, similar to age
and sex, may point to specific factors that are associated
with development of disease rather than the interin-
dividual variability resulting in frequent relapses.

Viral illness or allergy often precede the initial
development of nephrotic syndrome and are associated
with frequent relapses. Viral illness accompanying re-
lapses predicts steroid-dependent disease, but again
does not predict long-term outcomes.”’ Children with
atopic conditions have a higher frequency of nephrotic
syndrome compared with controls.”” >’ Yet in our
study the presence or absence of allergic conditions did
not usefully predict worse disease outcomes. Previous
studies were unable to show that allergic diseases are
associated with a frequently relapsing disease
course.”””” Likewise, microscopic hematuria occurs in
30% to 50% of patients at presentation, which is
similar to other studies, yet it was not associated with
worse outcomes. %

The strengths of this study were the inclusion of a
large, multiethnic, multicenter cohort that had baseline
characteristics recorded and long-term follow-up. This
approach was less prone to selection bias than previous
retrospective cohorts, which may have omitted patients
with few or no relapses because these patients are less
likely to be captured in tertiary nephrology clinics
because general pediatricians may manage the first
presentation. This also may explain the lower observed
incidence of initial steroid resistance (6.7%) because we
captured the full spectrum of all incident cases with
idiopathic nephrotic syndrome. With some of the
participants recruited well after the initial diagnosis,
there may be recall bias among those completing the
questionnaire on viral or allergic exposure. However,
analyses limited to those enrolled within the first year
did not change the results.

There were clear limitations to this study. We had
self-reported or family reported exposures in 45% of
the cohort. Also, we included children with ongoing
follow-up, however, an additional analysis in 301
children with complete follow-up to age 18 years
showed similar results. The absence of data on hema-
turia, allergies, infection, family history, and low
birthweight from the historical cohort prevented these
individuals from being included in a subset of the
composite models, but given the poor performance of
these models, we do not believe that their inclusion
would alter our conclusions. We used previously
validated questionnaires to define certain covariates,
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however, some factors such as preceding infection had
limited scope. Our definition of microscopic hematuria
was based on dipstick results because urine microscopy
was not performed routinely and systematically
recorded in the child’s medical chart. In addition, with
any self-reported questionnaire, there is a possibility of
recall bias when parents are asked about events that
occurred before diagnosis. We had insufficient time-to-
initial remission of proteinuria data to incorporate into
our analyses. Children whose time-to-initial remission
of proteinuria after starting steroids was longer than 9
days, compared with those with remission within 9
days, had a higher risk of frequently relapsing disease,
steroid dependency, and chance of receiving a second-
line agent.'****°"*” Therefore, incorporation of time-
to-event data in the models may have improved
outcome prediction. It is not a clinically or practically
useful variable for initial prediction of outcomes
because it still requires the initial steroid therapy
course similar to defining initial steroid-resistant dis-
ease, and this lacked prognostic capability. In addition,
we found that there was a higher odds of initial steroid
resistance with ESKD; however, steroid resistance was
not predictive of the absolute risk of ESKD as a factor
4 Furthermore,
there still may be differences by steroid response status
if the definition of steroid resistance was refined
further to account for those who never respond to any
immunosuppressives versus those who do respond
(e.g., calcineurin inhibitors) and then compare with
those who are steroid sensitive. Finally, we acknowl-
edge the possibility of selection bias in long-term pa-
tient outcomes given that the historical cohort has
inherently longer follow-up times.

Clinicians should counsel families using the overall
frequencies of outcomes in nephrotic syndrome and not
prognosticate based on demographic, clinical, or family
reported characteristics or initial steroid resistance.
Predictive models are useful to guide therapy or pro-
vide prognostic information to families based on risk,
however, we respectfully challenge the current para-
digm of counseling families early in the disease course
with prognostic information based on steroid sensi-
tivity alone. Currently, we lack an understanding of
the pathophysiological mechanisms leading to child-
hood nephrotic syndrome. Future research targeting
noninvasive biomarkers may better define prognosis.
Successful predictive modeling in childhood nephrotic
syndrome will require identification of novel factors
implicated in the causal pathways leading to relapses.

alone or with other clinical factors.’

DISCLOSURE

All the authors declared no competing interests.

Kidney International Reports (2020) 5, 426-434



SA Carter et al.: Predictions in Childhood Nephrotic Syndrome

ACKNOWLEDGMENTS

We thank the participants and their families for their time
and effort, as well as the nurses and staff from the
Nephrology Clinic at The Hospital for Sick Children and
William Osler Health System (Brampton Civic Hospital and
Peel Memorial Centre). We are very grateful for the assis-
tance provided by families participating in INSIGHT in the
development of the educational Supplementary
Infographic. We also thank Richard Child for his advice
and insight into the electronic patient record.

This research was undertaken, in part, thanks to funding
from the Canadian Research Chairs program. We
acknowledge funding from The Hospital for Sick Children
Research Institute and Physicians Services Incorporated
Foundation.

SUPPLEMENTARY MATERIAL

Supplementary File (PDF)

Table S1. Baseline demographic and clinical
characteristics of children with steroid-resistant nephrotic
syndrome.

Table S2. Baseline demographic and clinical characteristics
of children with childhood nephrotic syndrome who
developed end-stage kidney disease (N = 10).

Table S3. Association of baseline demographic and clinical
characteristics of end-stage kidney disease in childhood
nephrotic syndrome.

Table S4. Association of baseline demographic and clinical
characteristics with outcomes in childhood nephrotic
syndrome.

Supplementary Infographic. Infographic developed based
on study data knowledge dissemination to health care
professionals and families.

REFERENCES

1. Early identification of frequent relapsers among children with
minimal change nephrotic syndrome. A report of the Inter-
national Study of Kidney Disease in Children. J Pediatr.
1982;101:514-518.

2. Banh TH, Hussain-Shamsy N, Patel V, et al. Ethnic differences
in incidence and outcomes of childhood nephrotic syndrome.
Clin J Am Soc Nephrol. 2016;11:1760-1768.

3. Lewis MA, Baildom EM, Davis N, et al. Nephrotic syndrome:
from toddlers to twenties. Lancet. 1989;1:255-259.

4. Sureshkumar P, Hodson EM, Willis NS, et al. Predictors of
remission and relapse in idiopathic nephrotic syndrome: a
prospective cohort study. Pediatr Nephrol. 2014;29:1039-
1046.

5. Trompeter RS, Lloyd BW, Hicks J, et al. Long-term outcome
for children with minimal-change nephrotic syndrome. Lan-
cet. 1985;1:368-370.

6. Andersen RF, Thrane N, Noergaard K, et al. Early age at
debut is a predictor of steroid-dependent and frequent
relapsing nephrotic syndrome. Pediatr Nephrol. 2010;25:
1299-1304.

Kidney International Reports (2020) 5, 426-434

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

CLINICAL RESEARCH

Kabuki N, Okugawa T, Hayakawa H, et al. Influence of age at
onset on the outcome of steroid-sensitive nephrotic syn-
drome. Pediatr Nephrol. 1998;12:467-470.

Kidney Disease: Improving Global Outcomes (KDIGO)
Glomerulonephritis Work Group. KDIGO clinical practice
guideline for glomerulonephritis. Kidney Int. 2012;2:139-274.

Trautmann A, Schnaidt S, Lipska-Zietkiewicz BS, et al. Long-
term outcome of steroid-resistant nephrotic syndrome in
children. J Am Soc Nephrol. 2017;28:3055-3065.

Andenmatten F, Bianchetti MG, Gerber HA, et al. Outcome of
idiopathic childhood nephrotic syndrome. A 20 year experi-
ence. Scand J Urol Nephrol. 1995;29:15-19.

Koskimies O, Vilska J, Rapola J, et al. Long-term outcome of
primary nephrotic syndrome. Arch Dis Child. 1982;57:544-548.

Tarshish P, Tobin JN, Bernstein J, et al. Prognostic signifi-
cance of the early course of minimal change nephrotic syn-
drome: report of the International Study of Kidney Disease in
Children. J Am Soc Nephrol. 1997,8:769-776.

Buscher AK, Beck BB, Melk A, et al. Rapid response to
cyclosporin A and favorable renal outcome in nongenetic
versus genetic steroid-resistant nephrotic syndrome. Clin J
Am Soc Nephrol. 2016;11:245-253.

Hussain N, Zello JA, Vasilevska-Ristovska J, et al. The ratio-
nale and design of Insight into Nephrotic Syndrome: Inves-
tigating Genes, Health and Therapeutics (INSIGHT): a
prospective cohort study of childhood nephrotic syndrome.
BMC Nephrol. 2013;14:25.

Nakanishi K, lijima K, Ishikura K, et al. Two-year outcome of
the ISKDC regimen and frequent-relapsing risk in children
with idiopathic nephrotic syndrome. Clin J Am Soc Nephrol.
2013;8:756-762.

Fakhouri F, Bocquet N, Taupin P, et al. Steroid-sensitive
nephrotic syndrome: from childhood to adulthood. Am J
Kidney Dis. 2003;41:550-557.

Arcia A, Suero-Tejeda N, Bales ME, et al. Sometimes more is
more: iterative participatory design of infographics for
engagement of community members with varying levels of
health literacy. J Am Med Inform Assoc. 2016;23:174-183.

Kiernan M, Oppezzo MA, Resnicow K, et al. Effects of a meth-
odological infographic on research participants’ knowledge,
transparency, and trust. Health Psychol. 2018;37:782-786.

Kyrieleis HA, Levtchenko EN, Wetzels JF. Long-term outcome
after cyclophosphamide treatment in children with steroid-
dependent and frequently relapsing minimal change
nephrotic syndrome. Am J Kidney Dis. 2007;49:592-597.
Ruth EM, Kemper MJ, Leumann EP, et al. Children with
steroid-sensitive nephrotic syndrome come of age: long-term
outcome. J Pediatr. 2005;147:202-207.

Takeda A, Takimoto H, Mizusawa Y, et al. Prediction of sub-
sequent relapse in children with steroid-sensitive nephrotic
syndrome. Pediatr Nephrol. 2001;16:888-893.
Constantinescu AR, Shah HB, Foote EF, et al. Predicting first-
year relapses in children with nephrotic syndrome. Pediat-
rics. 2000;105:492-495.

Yap HK, Han EJ, Heng CK, et al. Risk factors for steroid de-
pendency in children with idiopathic nephrotic syndrome.
Pediatr Nephrol. 2001;16:1049-1052.

Chang JW, Tsai HL, Yang LY, et al. Epidemiology and pre-
dictors of end-stage renal disease in Taiwanese children

433



https://doi.org/10.1016/j.ekir.2019.12.015
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref1
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref1
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref1
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref1
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref2
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref2
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref2
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref3
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref3
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref4
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref4
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref4
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref4
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref5
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref5
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref5
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref6
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref6
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref6
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref6
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref7
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref7
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref7
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref8
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref8
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref8
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref9
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref9
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref9
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref10
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref10
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref10
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref11
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref11
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref12
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref12
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref12
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref12
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref13
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref13
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref13
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref13
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref14
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref14
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref14
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref14
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref14
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref15
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref15
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref15
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref15
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref16
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref16
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref16
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref17
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref17
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref17
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref17
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref18
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref18
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref18
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref19
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref19
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref19
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref19
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref20
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref20
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref20
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref21
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref21
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref21
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref22
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref22
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref22
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref23
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref23
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref23
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref24
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref24

CLINICAL RESEARCH

25.

26.

27.

28.

29.

434

with idiopathic nephrotic syndrome. J Epidemiol. 2012;22:
517-522.

Mendonca AC, Oliveira EA, Froes BP, et al. A predictive model
of progressive chronic kidney disease in idiopathic nephrotic
syndrome. Pediatr Nephrol. 2015;30:2011-2020.

Chanchlani R, Parekh RS. Ethnic differences in childhood
nephrotic syndrome. Front Pediatr. 2016;4:39.

Meadow SR, Sarsfield JK. Steroid-responsive and nephrotic
syndrome and allergy: clinical studies. Arch Dis Child.
1981,56:509-516.

Wei CC, Lin CL, Shen TC, et al. Occurrence of common
allergic diseases in children with idiopathic nephrotic syn-
drome. J Epidemiol. 2015;25:370-377.

Yap HK, Yip WC, Lee BW, et al. The incidence of atopy in
steroid-responsive nephrotic syndrome: clinical and immu-
nological parameters. Ann Allergy. 1983;51:590-594.

30.

31.

32.

33.

34.

SA Carter et al.: Predictions in Childhood Nephrotic Syndrome

Jahan |, Hanif M, Ali MA, et al. Prediction of risk factors of
frequent relapse idiopathic nephrotic syndrome. Mymen-
singh Med J. 2015;24:735-742.

Harambat J, Godron A, Ernould S, et al. Prediction of steroid-
sparing agent use in childhood idiopathic nephrotic syn-
drome. Pediatr Nephrol. 2013;28:631-638.

Letavernier B, Letavernier E, Leroy S, et al. Prediction of high-
degree steroid dependency in pediatric idiopathic nephrotic
syndrome. Pediatr Nephrol. 2008;23:2221-2226.

Vivarelli M, Moscaritolo E, Tsalkidis A, et al. Time for
initial response to steroids is a major prognostic factor in
idiopathic nephrotic syndrome. J Pediatr. 2010;156:965—
971.

van Diepen M, Ramspek CL, Jager KJ, et al. Prediction versus
aetiology: common pitfalls and how to avoid them. Nephrol
Dial Transplant. 2017;32:ii1-ii5.

Kidney International Reports (2020) 5, 426-434


http://refhub.elsevier.com/S2468-0249(19)31603-1/sref24
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref24
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref25
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref25
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref25
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref26
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref26
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref27
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref27
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref27
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref28
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref28
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref28
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref29
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref29
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref29
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref30
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref30
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref30
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref31
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref31
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref31
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref32
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref32
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref32
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref33
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref33
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref33
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref33
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref34
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref34
http://refhub.elsevier.com/S2468-0249(19)31603-1/sref34

	Prediction of Short- and Long-Term Outcomes in Childhood Nephrotic Syndrome
	Methods
	Study Population and Data Collection
	Exposure
	Outcomes
	Statistical Analysis

	Results
	Discussion
	Disclosure
	Acknowledgments
	Supplementary Material
	References


