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Abstract

Background There is a lack of evidence to suggest that outcomes of adolescent and adult-onset glomerular disease differ.
Still, most glomerular disease trials include adults but exclude adolescents.

Methods We designed a retrospective study using the CureGN database to compare individuals with adolescent-onset glo-
merular disease relative to individuals with older and younger age at onset. The two main outcomes were sustained proteinuria
remission off immunosuppression treatment and composite eGFR decline.

Results Our data did not show a significant difference in sustained proteinuria remission off treatment or composite eGFR
decline between adolescent onset glomerular disease and either childhood (age 5-12), young adult (age 20-29), or adult (age
30-39) onset glomerular disease. Having high-risk APOL] alleles and hypertension at the time of study enrollment decreased
the likelihood of achieving sustained proteinuria remission off treatment. While participants with minimal change disease
and IgA nephropathy were similarly likely to achieve sustained proteinuria remission off treatment, participants with focal
segmental glomerulosclerosis and membranous nephropathy were less likely to achieve sustained proteinuria remission off
treatment compared to participants with minimal change disease. CKD stage, high-risk APOL] alleles, hypertension stage,
and education all significantly impacted the likelihood of progression to the composite eGFR decline outcome.
Conclusions Approximately 25% of each age cohort reached the composite eGFR decline outcome within 5 years. As more
glomerular disease clinical trials become available, we must consider opening these trials to people with childhood and
adolescent onset disease since like adults they are at high risk of progressive kidney function decline.

Keywords Adolescent - Glomerular disease - CureGN - Minimal change disease - Focal glomerulosclerosis - IgA
nephroapthy - Membranous nephropathy - CKD
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presents as a MCD picture, much like in adulthood, a FSGS
presentation is more common in adolescent [ 1-3]. Prior pedi-
atric data have suggested individuals with IgA nephropa-
thy (IgAN), FSGS, and membranous nephropathy (MN) have
better clinical outcomes if disease onset occurred earlier in
childhood [4-9]. Some have suggested that the change in
hormones associated with puberty may result in a decline
in kidney function [10]. Another explanation may be that
younger individuals have healthier kidney tissue at the time
of disease onset. Among carefully screened healthy kidney
donors, glomerular filtration rate (GFR) declines at a rate of
6.3 mL/min/1.73 m? per decade [11]. Additionally, others
have suggested that younger age may be associated with more
estimated GFR (eGFR) recovery due to a different response to
immune stimuli across different age groups [12].

Whether adolescent onset glomerular disease is like adult
onset glomerular disease has become increasingly relevant as
the number of interventional glomerular diseases trials have
increased significantly in the last 10 years. Unfortunately, the
majority of the studies are restricted to adults and there is evi-
dence that the percentage of studies restricted to adults is only
increasing [13]. Despite the median age of an IgA diagnosis
being 40, one analysis found that 83% of IgAN clinical trials
excluded patients under age 18, while only 7% excluded adults
over age 65 years old [14, 15].

Given a lack of clarity as to whether adolescent onset
glomerular disease outcomes are like younger children or
adults and the possibility adolescents may have an entirely
different disease trajectory/outcomes, our objective was to
assess the clinical outcomes of adolescent onset glomerular
disease and compare that to older and younger age groups
in the CureGN cohort.

Methods
Study population

Our study population was derived from the CureGN study
database. CureGN is a multi-center, prospective observational
cohort study of patients with glomerular disease funded by
the NIH-NIDDK. CureGN enrolls children and adults within
5 years of a first clinically indicated kidney biopsy, demonstrat-
ing MCD, FSGS, MN, or IgA nephropathy/vasculitis (IgAN/
IgAV) from the USA, Canada, Italy, and Poland. Individuals
with kidney failure, diabetes, or malignancy prior to enrollment
are excluded. Design details have been published previously
[16]. Patients in CureGN are treated at their local nephrolo-
gist’s discretion based on their unique clinical characteristics.
Our study population consisted of 1507 Cure GN participants
between ages 5 and 39 years of age at the time of biopsy or
diagnosis, prioritizing the earliest date. Twelve percent of
patients enrolled outside the United States.
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Derived variables

Our exposure of interest was age at diagnosis, categorized as
child onset age 5—12 years, adolescent onset age 13—19 years,
young adult onset age 20-29 years, and adult onset age
30-39 years of age. We had two main outcomes, with the
first being sustained proteinuria remission off immunosup-
pression treatment, defined as a UPCR < 0.3 mg/mg and/or
UA protein that was negative or trace for at least 1 year while
off immunosuppressive therapies with>75% preservation
of the eGFR at the time of biopsy, and participants having
maintained an eGFR greater than 25 mLs/min/1.73 m? and
censored at the time of kidney failure [17, 18]. We created the
sustained proteinuria remission off treatment measure to cap-
ture prolonged clinical disease remission, which did not place
the patient at risk for the adverse effects of immunosuppres-
sion. We used the CKD-EPI 2021 equation to calculate eGFRs
for patients > 25 years old and used the CKIDU25 equation
to calculate eGFRs for patients 25 years or younger [19, 20].
All eGFRs over 120 mLs/min/1.73 m? were windsorized to
120 mLs/min/1.73 m?. The IgAN cohort also required a urine
dipstick blood negative or trace during follow-up [21, 22].

The second outcome was composite eGFR decline. We
defined composite eGFR decline as requiring chronic kidney
replacement therapy or an eGFR < 15 mLs/min/1.73 m? and/
or extrapolated 40% reduction in eGFR since biopsy result-
ing in an observed eGFR < 60 mLs/min/1.73 m? [23].

We utilized the American Academy of Pediatrics 2017
Blood Pressure guidelines to define hypertension stages in
participants with childhood and adolescent onset glomeru-
lar disease and we utilized the American Heart Association
2017 Blood Pressure guidelines to define hypertension stages
in participants with young adult and adult onset glomerular
disease [24, 25]. We defined the stage of hypertension based
on the participant’s blood pressure at the time of enrollment.
Education level was fixed throughout the study and based
on parental education at CureGN enrollment, prioritizing
maternal education if available, in child and adolescent onset
groups, and personal education level at CureGN enrollment
diagnosis in young adult and adult-onset groups. Many coex-
isting conditions were aggregated into a summary variable
as “the presence of any coexisting conditions,” and a list of
the relevant CureGN survey questions can be found in Sup-
plementary Table S1. All participants enrolling in CureGN
were offered genetic testing with whole-genome sequencing,
with not all participants opting in. The presence of G1/G1,
G2/G2, or G1/G2 alleles in the APOLI gene was classified as
high risk [26]. Participants who had not consented to genetic
testing were placed in the “unknown risk” category.

Medication adherence was tracked using CureGN survey
questions. During the first five years of the CureGN study,
medication adherence was assessed using three questions,
answered on a Likert scale from 1 to 5, with 1 meaning
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strongly disagree and 5 meaning strongly agree: “I took all
doses of my disease medication’; “I missed or skipped at least
one dose of my kidney disease medication”; and “I was not
able to take all of my kidney disease medication”. Medica-
tion nonadherence was defined as an answer of neutral to any
disagreement (1, 2, or 3) to the first question or an answer to
neutral or any agreement (3, 4, or 5) to the second or third
questions. After 2020, revisions to the CureGN protocol medi-
cation adherence questions were implemented as follows: par-
ticipants were asked only the following two questions: “Are
you careless at times about taking your medicine” and “Do
you ever forget your medicine.” Medication nonadherence was
defined as an affirmative response to either of these questions.

Statistical analysis

Descriptive statistics and demographic characteristics were
calculated for the study population. To analyze the risk of the
composite eGFR decline outcome in different onset groups, we
used a Cox proportional hazards time-to-event model initially
adjusted for sex, race, ethnicity, education level, chronic kidney
disease (CKD) stage at biopsy, glomerular disease diagnosis,
medication adherence, the presence of any coexisting condi-
tions, and APOL1 risk. Backwards variable selection was used
to select variables for the final model. To analyze the risk of
sustained proteinuria remission off treatment in different onset
groups, we performed a second survival analysis, again initially
adjusting for sex, race, ethnicity, education level, CKD stage at
biopsy, glomerular disease diagnosis, medication adherence,
the presence of any coexisting conditions, and APOLI risk.
Backwards variable selection was used to select variables for
the final model. Unadjusted survival curves of both outcomes,
stratified by both diagnosis and onset age group, were also
plotted. Missing biomarkers were not imputed for this analy-
sis. Analysis included patients enrolled in CureGN prior to
December of 2023.

Ethics

The study protocol was reviewed and approved at all enroll-
ing sites during the initial 5 years and by the single IRB
SALUS #20038 with the University of Michigan as the data
coordinating center since 2018. All study participants or
legal guardians provided informed consent and children of
appropriate age provided informed assent, prior to any study
procedures.

Results

Demographic and clinical characteristics are provided in
Table 1. Our study contained 1507 participants: 34% were
non-white race, [gAN was the most represented diagnosis,

median eGFR at biopsy was 93.7 mLs/min/1.73 m?, and
median uPCR at biopsy was 2.4 mg/mg.

Participants with adolescent-onset glomerular disease had
a similar likelihood of achieving sustained proteinuria remis-
sion off treatment as participants with child, young adult, and
adult-onset glomerular disease. However, with each of the
four glomerular diseases there was a trend in the unadjusted
analysis for the younger the age of onset, the more likely the
participants would achieve sustained proteinuria remission
off treatment (see Fig. 1). As the [gAN measure for sustained
proteinuria remission off treatment required hematuria and pro-
teinuria remission, of the 516 IgAN participants, 218 achieved
both the hematuria and the UPCR metric, while 120 patients
met the hematuria metric alone, and 56 participants met the
UPCR metric alone. Ethnicity, sex, race, education, presence
of coexisting conditions, and medication adherence did not
significantly impact the likelihood of achieving sustained pro-
teinuria remission off treatment in this model. Participants
with FSGS and MN were significantly less likely to achieve
sustained proteinuria remission off treatment compared to par-
ticipants with MCD. However, participants with IgAN did not
have a significantly different likelihood of achieving sustained
proteinuria remission off treatment than participants with
MCD. Participants with a high-risk APOLI alleles were sig-
nificantly less likely to achieve sustained proteinuria remission
off treatment than participants with low-risk APOLI alleles.
Participants with stage 1 and stage 2 hypertension at the time
of study admission were also significantly less likely to achieve
sustained proteinuria remission off treatment than participants
with a normal range blood pressure (see Table 2).

Participants with adolescent-onset glomerular disease did
not have significantly different rates of progression to the com-
posite eGFR decline outcome when compared to child-onset,
young adult-onset, and adult-onset participants. However, with
each of the four glomerular diseases, there was a trend in the
unadjusted analysis for the younger the age of onset, the less
likely the participants were to progress to kidney failure (see
Fig. 2). We found that participants with advanced CKD at the
time of first biopsy and high-risk APOLI alleles were more
likely to progress to the composite eGFR decline outcome.
Ethnicity, sex, race, presence of coexisting conditions, glo-
merular disease diagnosis, or medication adherence did not
have statistically significant associations with progression
to composite eGFR decline in this model. Participants with
graduate degrees were less likely than participants with high
school degrees/GEDs to progress to composite eGFR decline.
However, we found no significant difference between partici-
pants with a high school degree/GED, less than a high school
education, or a college degree in likelihood of progressing to
composite €GFR decline. Stage 2 hypertension status at enroll-
ment was found to correlate with progressing to composite
eGFR decline while elevated blood pressure and stage 1 hyper-
tension at enrollment were not found to correlate (see Table 3).
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Table 1 Demographic and summary statistics of the study population

Age at biopsy
5-12 (n=471) 13-19 (n=380) 20-29 (n=300) 30-39 (n=356)

Age at CureGN enrollment 10 (8, 12) 17 (15, 18) 26 (24, 29) 36 (34, 39)
Years of follow-up 49 (3.1,6.1) 4.1(1.7,5.5) 4.1 (1.6, 6.0) 4.1 (1.6,5.7)
Age at most recent visit 15.0 (12.7,17.4) 20.8 (18.6,22.9) 30.0 (27.5, 33.9) 40.4 (37.9,43.5)
Time from biopsy to most recent visit 6.1(4.7,7.8) 5.1(3.2,6.7) 543.0,7.6) 53@3.3,7.5)
Sex

Female 269 (57%) 226 (59%) 154 (51%) 198 (56%)

Male 202 (43%) 154 (41%) 146 (49%) 158 (44%)
Race:

Black/African—American 69 (15%) 84 (22%) 45 (15%) 50 (14%)

White 323 (69%) 256 (67%) 182 (61%) 227 (64%)

Other 79 (17%) 40 (11%) 73 (24%) 79 (22%)
Ethnicity:

Hispanic 63 (13%) 56 (15%) 52 (17%) 64 (18%)

Not Hispanic 406 (86%) 324 (85%) 245 (82%) 289 (81%)

Unknown 2 (0%) 0 (0%) 3(1%) 3 (1%)
Diagnosis

MCD 165 (35%) 70 (18%) 51 (17%) 41 (12%)

FSGS 108 (23%) 115 (30%) 84 (28%) 95 (27%)

MN 17 (4%) 40 (11%) 42 (14%) 79 (22%)

IgAN 173 (37%) 141 (37%) 109 (36%) 116 (33%)
APOLI risk:

High risk 13 (3%) 28 (7%) 15 (5%) 19 (5%)

Low risk 281 (60%) 211 (56%) 199 (66%) 222 (62%)

Unknown risk 177 (38%) 141 (37%) 86 (29%) 115 (32%)
Hypertension category at enrollment

Normal blood pressure 268 (57%) 191 (50%) 104 (35%) 110 31%)

Elevated blood pressure 57 (12%) 69 (18%) 34 (11%) 39 (11%)

Stage 1 hypertension 94 (20%) 71 (19%) 80 (27%) 84 (24%)

Stage 2 hypertension 22 (5%) 24 (6%) 52 (17%) 75 21%)

Unknown 30 (6%) 25 (7%) 30 (10%) 48 (13%)
Ever diagnosed with hypertension:

Ever 332 (70%) 240 (63%) 159 (53%) 156 (44%)

Never 131 (28%) 124 (33%) 125 (42%) 175 (49%)

Unknown 8 (2%) 16 (4%) 16 (5%) 25 (7%)
Median eGFR at biopsy (IQR) 109.3 (87.7,131.2) 88.6 (73.2, 108.5) 87.3 (56.6, 114.9) 79.2 (48.9, 115.0)
Median UPCR at biopsy* (IQR) 2.2(04,6.3) 1.8 (0.5,5.5) 2.9(0.9, 6.0) 2.6(0.9,6.4)

Unless otherwise specified, continuous variables reported as median (25th,75th percentile)

eGFR estimated glomerular filtration rate in mLs/min/1.73 m?

“For median UPCR at Biopsy we used the UPCR collected closest to the time of biopsy

Discussion

Our data suggest that participants with adolescent-onset
glomerular disease have similar rates of achieving sustained
disease remission off treatment and similar rates of progres-
sion to kidney failure as participants with childhood, young
adult, or adult-onset glomerular disease. While there was a
trend towards higher rates of sustained disease remission and
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a trend towards lower rates of progression to composite eGFR
decline seen in the unadjusted curves (Figs. 1 and 2) with
younger ages of onset, the trend in unadjusted curves may be
due to increased rates of hypertension seen in the cohorts with
older ages of onset. As seen in Table 1, 5% of participants
with onset of glomerular disease in childhood had stage 2
hypertension at the time of enrollment in CureGN compared
to 24% with onset of glomerular disease in adulthood.
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Fig.1 A Time to one year of sustained glomerular disease proteinuria
remission off immunosuppressive therapy in patients with minimal
change disease, by age (unadjusted). We defined sustained proteinu-
ria remission off immunosuppression treatment as a UPCR < 0.3 and/
or UA protein that was negative or trace for at least 1 year while off
immunosuppressive therapies with>75% preservation of the eGFR
at the time of biopsy, and participants having maintained an eGFR
greater than 25 mLs/min/1.73 m? and censored at the time of kidney
failure. B Time to one year of sustained glomerular disease proteinu-
ria remission off immunosuppressive therapy in patients with focal
segmental glomerular sclerosis, by age (unadjusted). We defined
sustained proteinuria remission off immunosuppression treatment
as a UPCR < 0.3 and/or UA protein that was negative or trace for at
least 1 year while off immunosuppressive therapies with >75% pres-
ervation of the eGFR at the time of biopsy, and participants having
maintained an eGFR greater than 25 mLs/min/1.73 m? and censored
at the time of kidney failure. C Time to one year of sustained glo-

merular disease proteinuria remission off immunosuppressive therapy
in patients with membranous nephropathy, by age (unadjusted). We
defined sustained proteinuria remission off immunosuppression treat-
ment as a UPCR <0.3 and/or UA protein that was negative or trace
for at least 1 year while off immunosuppressive therapies with>75%
preservation of the eGFR at the time of biopsy, and participants hav-
ing maintained an eGFR greater than 25 mLs/min/1.73 m? and cen-
sored at the time of kidney failure. D Time to one year of sustained
glomerular disease proteinuria remission off immunosuppressive
therapy in patients with IgA nephropathy, by age (unadjusted). We
defined sustained proteinuria remission off immunosuppression treat-
ment as a UPCR <0.3 and/or UA protein that was negative or trace
for at least 1 year while off immunosuppressive therapies with>75%
preservation of the eGFR at the time of biopsy, and participants hav-
ing maintained an eGFR greater than 25 mLs/min/1.73 m? and cen-
sored at the time of kidney failure with a urine dipstick blood nega-
tive or trace during follow-up
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Table 2 Sustained proteinuria
remission off treatment in
children and young adults with
glomerular disease multivariate

Sustained proteinuria remission off treatment model

Hazard ratio (CI)

Age at glomerular disease onset (reference: 13—19)

model where a higher hazard S-12
ratio indicates more likely to 20-29
experience remission 30-39

1.14 (0.91, 1.43)
0.82 (0.63, 1.09)
0.78 (0.59, 1.03)

eGFR at biopsy (reference: eGFR 90 +)

60-90
30-60
15-30
<15
Diagnosis (reference: MCD)

FSGS
IgAN
MN

APOLLI risk (reference: low risk)

High risk

Unknown risk

0.84 (0.67, 1.04)
0.58 (0.42,0.79)
0.67 (0.40, 1.15)
1.06 (0.54, 2.07)

0.56 (0.44,0.72)
0.81 (0.65, 1.00)
0.56 (0.40, 0.78)

0.53(0.31,0.91)
1.14 (0.94, 1.40)

Hypertension status at enrollment (reference: normal blood pressure)

Elevated blood pressure
Stage 1 hypertension
Stage 2 hypertension

1.07 (0.84, 1.37)
0.72 (0.58, 0.90)
0.50 (0.35, 0.717)

MCD minimal change disease, FSGS focal segmental glomerulosclerosis, MN membranous nephropathy,

IgAN IgA nephropathy

We further found that sex, race, and Hispanic ethnicity
did not statistically significantly impact the likelihood of
achieving sustained proteinuria remission off treatment or
impact the likelihood of progression to composite eGFR
decline. We did, however, find that participants with
high-risk APOLI alleles were significantly less likely to
experience sustained proteinuria remission off treatment
and significantly more likely to experience progression
to composite eGFR decline than people with low-risk
APOL]I alleles. Previous studies have suggested that indi-
viduals identifying as African—American/Black are 2-4
times more likely to progress to kidney failure compared
to individuals identifying as White; however, these studies
did not take into account genetic variants such as high-risk
APOLI alleles and did not strictly pertain to glomerular
disease patients [27]. Ongoing efforts to disentangle the
impact of social constructs like race from biological fac-
tors like APOLI on progression of kidney failure remain
important.

It also will be important to understand how prior ther-
apeutic advances have impacted the CureGN cohort. For
example, rituximab was used in 0.8% of our CureGN cohort
from 2007 to 2011, 6.2% from 2012 to 2016, and 14.4% from
2017 to 2021. In all, roughly one-third of individuals with
MCD and MN had exposure to rituximab, compared to just
over eleven percent of individuals with FSGS. Describing

@ Springer

trends in rituximab use across the various subgroups is a key
focus for future research.

When evaluating the impact of the highest level of
education attained on composite eGFR decline, we found
that participants with a graduate degree were significantly
less likely to progress to composite eGFR decline than
participants obtaining a high school degree/GED. No
significant difference was found when comparing other
educational groups to the high school diploma/GED
group. Using education as a proxy for socioeconomic
status (SES), this data suggests that indeed participants
with the highest SES have less risk of composite eGFR
decline in this cohort. Higher levels of education have
been associated with greater health literacy [28]. Given
that both the health literature intended for patients as well
as the information regarding clinical trial enrollment are
often written at a level well above national literacy levels,
people with higher levels of education may be best able
to understand their disease and enroll in clinical trials
if they are having insufficient response to conventional
treatment [29].

Among participants across all age groups ~25% met
the composite eGFR decline milestone within 5 years.
Recently, multiple prescription drugs have received accel-
erated or full FDA approval for adults with kidney disease
to delay progression, with a few such as sparsentan, a



Pediatric Nephrology (2025) 40:1949-1958 1955
1.0 1.0
=
e e ——
08 08
© ®
2 2
Z 2
5 5
@ @
z 06 > 06
c c
= z
e X
£ £
2 =
S 04 S 04
= T
5 S
a a
3 3
o o
0.2 0.2
0.0 0.0
0 1 2 3 4 5 0 1 2 3 4 5
Years since CureGN enrollment Years since CureGN enrollment
Age at GD onset 512 13-19 20-29 30-39 Age at GD onset 512 13-19 20-29 30-39
65 162 153 143 132 100 5-12 10! 104 06 o0 75
80 50 56 46 38 1319 15 107 -] 82
47 45 Ll 33 28 20-29 &4 79 5 51 43
40 38 33 24 19 30-39 o5 88 65 51 42
v " %
0.8 08
2 3
> 06 > 06
£ £
< v
= =
B 3
S 04 S o4
=1 E=1
2 =
a. o
02 02
00 0.0
0 1 2 3 4 5 0 1 2 3 4 5
Years since CureGN enrollment Years since CureGN enrollment
Age at GD onset 512 1319 2029 30-39 Age at GD onsét 512 1319 20-29 30-39
17 17 17 15 12 512 173 185 153 144 138 120
3 40 36 31 24 18 1 1313 141 120 15 105 02 75
20-29 42 30 34 28 23 19 20-29 100 102 85 70 50 52
30-39 79 70 68 62 40 a7 30-39 118 107 08 80 70 67

Fig.2 A Composite eGFR decline of children and young adults with
minimal change disease, by age (unadjusted). We defined composite
eGFR decline as requiring chronic kidney replacement therapy or an
eGFR < 15 mLs/min/1.73 m? and/or extrapolated 40% reduction in
eGFR since biopsy resulting in an observed eGFR < 60 mLs/min/1.73
m?. B Composite eGFR decline of children and young adults with
focal segmental glomerulosclerosis, by age (unadjusted). We defined
composite eGFR decline as requiring chronic kidney replacement
therapy or an eGFR < 15 mLs/min/1.73 m? and/or extrapolated 40%
reduction in eGFR since biopsy resulting in an observed eGFR <60
mLs/min/1.73 m?. C Composite eGFR decline of children and young

dual endothelin and angiotensin II receptor antagonist,
iptacopan an alternative complement factor B inhibitor,
and an oral targeted release formulation of budesonide
recently coming to market for IgAN [30-33]. These drugs
do not currently have approval in pediatric populations.
Even therapies for supportive management of glomeru-
lar diseases such as the sodium-glucose cotransporter-2

adults with membranous nephropathy, by age (unadjusted). We
defined composite eGFR decline as requiring chronic kidney replace-
ment therapy or an eGFR <15 mLs/min/1.73 m? and/or extrapo-
lated 40% reduction in eGFR since biopsy resulting in an observed
¢GFR < 60 mLs/min/1.73 m?. D Composite eGFR decline of children
and young adults with IgA nephropathy, by age (unadjusted). We
defined composite eGFR decline as requiring chronic kidney replace-
ment therapy or an eGFR <15 mLs/min/1.73 m? and/or extrapo-
lated 40% reduction in eGFR since biopsy resulting in an observed
eGFR < 60 mLs/min/1.73 m?

inhibitors have been robustly tested in adults, but not in
children [34]. Moreover, in some glomerular disease drug
trials where individuals over age 65, but not adolescents,
are eligible to participate, it is important to consider ado-
lescents may better match the median age of disease diag-
nosis compared to older adults [11, 15, 35]. While our
analysis does not address the use of specific drugs, our
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Table 3 Composite eGFR decline of children and young adults with
glomerular disease Cox proportional hazards model output

Composite eGFR decline model Hazard ratio (CI)

Age at glomerular disease onset (reference: 13-19)
5-12 0.65 (0.39, 1.10)
20-29 1.25(0.79, 1.97)
30-39 0.98 (0.61, 1.56)
Education (reference: high school)
Less than high school 1.20 (0.65, 2.19)
1.09 (0.76, 1.57)

0.44 (0.24, 0.84)

2- or 4-year degree
Graduate degree
eGFR at biopsy (reference: eGFR 90 +)

60-90 1.67 (1.06, 2.62)

30-60 372 (2.41,5.74)

15-30 5.13(2.87,9.14)

<15 4.45(2.49,11.91)
APOLI risk (reference: low risk)

High risk 1.90 (1.15, 3.15)

Unknown risk 1.11 (0.74, 1.67)
Hypertension status at enrollment (reference: normal blood pressure)
0.82(0.44, 1.52)
1.52(0.99, 2.34)

3.26 (2.09, 5.06)

Elevated blood pressure
Stage 1 hypertension
Stage 2 hypertension

We defined composite eGFR decline as requiring chronic kid-
ney replacement therapy or an eGFR <15 mLs/min/1.73 m? and/
or extrapolated 40% reduction in eGFR since biopsy resulting in an
observed eGFR <60 mLs/min/1.73 m?. Refer to derived variables
section of paper for education definition

findings highlight the need for clinical trials in pediatric
patients and effective drugs for all individuals with these
four glomerular disease diagnoses.

Limitations of our study include the possibility that dif-
ferences in clinical outcomes by age of glomerular disease
onset are present, but that our study was underpowered to
show these differences. While each of the cohorts had a simi-
lar median length of CureGN follow-up time, more than 25%
of the cohort had less than 2 years of CureGN follow-up.
Follow-up was supplemented by retrospective data collection
in CureGN surveys to describe the period between diagnosis
and enrollment, but longer post-enrollment follow-up duration
may have revealed progression to composite eGFR decline or
achievement of sustained proteinuria remission off treatment.
Assessment of SES was limited to educational attainment as
discussed above, with our assessment of educational attain-
ment based on the education attained by study admission,
which for young adults may not capture ultimate educational
attainment, due to the patient enrolling prior to the age one
would reasonably initiate a graduate degree. However, given
the limited number of patients we believe this would affect,
we do not believe this should significantly alter our SES

@ Springer

assessment. The CureGN questionnaire does not ask about
household income, and > 1/5 of the participants do not have a
recorded zip code, thus education was the only measure used
to investigate the relationship between SES and progression to
kidney failure. This deficit is now being addressed in CureGN.

Conclusions

Ultimately, our data did not show a statistically signifi-
cant difference in clinical outcomes between adolescent
onset glomerular disease and onset of glomerular disease
at slightly younger and older ages. We saw ~25% of par-
ticipants across all age groups reach the composite eGFR
decline outcomes within 5 years. As more drug trials
become available for adults with glomerular disease, it
is important that we consider including people with both
childhood and adolescent onset glomerular disease in
these trials so they too benefit from new mechanisms to
induce or sustain remission and limit progression.
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Acknowledgements The authors would like to thank Dr. Debbie Gip-
son for her essential contributions to this paper during her tenure at the
University of Michigan.

Funding Open access funding provided by the Carolinas Consortium.

Data availability The data in this study were obtained from the Cure
Glomerulonephropathy (CureGN) network where data sharing requires
ancillary study approval and a data use agreement. The dataset may
be requested from the CureGN Data Coordinating Center at The Uni-
versity of Michigan.

Declarations

Disclosures The authors certify that they have no affiliations with or
involvement in any organization or entity with any financial inter-
est (such as honoraria; educational grants; participation in speakers’
bureaus; membership, employment, consultancies, stock ownership, or
other equity interest; and expert testimony or patent-licensing arrange-
ments), or non-financial interest (such as personal or professional rela-
tionships, affiliations, knowledge or beliefs) in the subject matter or
materials discussed in this manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will


https://doi.org/10.1007/s00467-024-06566-4

Pediatric Nephrology (2025) 40:1949-1958

1957

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

13.

14.

15.

16.

Requido-Moura LR, Veras de S. Freitas T, Franco MF et al (2008)
Should adolescents with glomerulopathies be treated as children
or adults? Nephron Clin Pract 109:c161—c167. https://doi.org/10.
1159/000145460

Cameron JS (1968) Histology, protein clearances, and response to
treatment in the nephrotic syndrome. Br Med J 4:352-356. https://
doi.org/10.1136/bmj.4.5627.352

Srivastava T, Simon SD, Alon US (1999) High incidence of focal
segmental glomerulosclerosis in nephrotic syndrome of child-
hood. Pediatr Nephrol 13:13-18. https://doi.org/10.1007/s0046
70050555

Gipson DS, Chin H, Presler TP et al (2006) Differential risk of
remission and ESRD in childhood FSGS. Pediatr Nephrol 21:344—
349. https://doi.org/10.1007/s00467-005-2097-0

Ronkainen J, Ala-Houhala M, Autio-Harmainen H et al (2006)
Long-term outcome 19 years after childhood IgA nephritis: a ret-
rospective cohort study. Pediatr Nephrol 21:1266—1273. https://
doi.org/10.1007/s00467-006-0163-x

Haas M, Rahman MH, Cohn RA et al (2008) IgA Nephropathy in
children and adults: comparison of histologic features and clinical
outcomes. Nephrol Dial Transplant 23:2537-2545. https://doi.org/
10.1093/ndt/gfn014

Paik KH, Lee BH, Cho HY et al (2007) Primary focal segmental glo-
merular sclerosis in children: clinical course and prognosis. Pediatr
Nephrol 22:389-395. https://doi.org/10.1007/s00467-006-0301-5
Chen A, Frank R, Vento S et al (2007) Idiopathic membranous
nephropathy in pediatric patients: presentation, response to therapy,
and long-term outcome. BMC Nephrol 8:11. https://doi.org/10.
1186/1471-2369-8-11

Wang R, Wang M, Xia Z et al (2021) Long-term renal survival
and related risk factors for primary membranous nephropathy in
Chinese children: a retrospective analysis of 217 cases. ] Nephrol
34:589-596. https://doi.org/10.1007/s40620-020-00816-y

Kim HS, Ng DK, Matheson MB et al (2024) Pubertal luteinizing
hormone levels in children with chronic kidney disease and asso-
ciation with change in glomerular filtration rate. Pediatr Nephrol
39:1543-1549. https://doi.org/10.1007/s00467-023-06210-7
Denic A, Glassock RJ, Rule AD (2016) Structural and functional
changes with the aging kidney. Adv Chronic Kidney Dis 23:19-
28. https://doi.org/10.1053/j.ackd.2015.08.004

Barnini C, Oni L, Kronbichler A (2024) Course of paediatric
ANCA-associated glomerulonephritis: advocating for an age-
inclusive approach. RMD Open 10:¢004481. https://doi.org/10.
1136/rmdopen-2024-004481

Garrisi D, Bevan A, Angeles C (2024) Advancing treatments for rare
renal diseases: new hopes and opportunities to address a high unmet
need. Glomerular Dis 4:11-18. https://doi.org/10.1159/000535955
Cui Y, Zhai Y-L, Qi Y-Y et al (2022) The comprehensive analy-
sis of clinical trials registration for IgA nephropathy therapy on
ClinicalTrials.gov. Ren Fail 44:461-472. https://doi.org/10.1080/
0886022X.2022.2048017

Pitcher D, Braddon F, Hendry B et al (2023) Long-term outcomes
in IgA nephropathy. Clin J Am Soc Nephrol 18:727-738. https://
doi.org/10.2215/CJN.0000000000000135

Mariani LH, Bomback AS, Canetta PA et al (2019) CureGN study
rationale, design, and methods: establishing a large prospective
observational study of glomerular disease. Am J Kidney Dis
73:218-229. https://doi.org/10.1053/j.ajkd.2018.07.020

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Lamb EJ, MacKenzie F, Stevens PE (2009) How should proteinu-
ria be detected and measured? Ann Clin Biochem 46:205-217.
https://doi.org/10.1258/acb.2009.009007

Qin X, Hu H, Cen J et al (2022) Association between urinary
protein-to-creatinine ratio and chronic kidney disease progres-
sion: a secondary analysis of a prospective cohort study. Front
Med 9:854300. https://doi.org/10.3389/fmed.2022.854300
Pottel H, Bjork J, Delanaye P, Nyman U (2022) Evaluation of
the creatinine-based chronic kidney disease in children (under 25
years) equation in healthy children and adolescents. Pediatr Neph-
rol 37:2213-2216. https://doi.org/10.1007/s00467-022-05429-0
Meeusen JW, Kasozi RN, Larson TS, Lieske JC (2022) Clinical
impact of the refit CKD-EPI 2021 creatinine-based eGFR equation.
Clin Chem 68:534-539. https://doi.org/10.1093/clinchem/hvab282
Yu G-Z, Guo L, Dong J-F et al (2020) Persistent hematuria and
kidney disease progression in IgA nephropathy: a cohort study. Am
J Kidney Dis 76:90-99. https://doi.org/10.1053/j.ajkd.2019.11.008
Suzuki Y, Matsuzaki K, Suzuki H et al (2014) Proposal of remis-
sion criteria for IgA nephropathy. Clin Exp Nephrol 18:481-486.
https://doi.org/10.1007/s10157-013-0849-x

Badve SV, Palmer SC, Hawley CM et al (2016) Glomerular filtration
rate decline as a surrogate end point in kidney disease progression
trials. Nephrol Dial Transplant 31:1425-1436. https://doi.org/10.
1093/ndt/gtv269

Flynn JT, Kaelber DC, Baker-Smith CM et al (2017) Clinical
practice guideline for screening and management of high blood
pressure in children and adolescents. Pediatrics 140:e20171904.
https://doi.org/10.1542/peds.2017-1904

Whelton PK, Carey RM, Aronow WS et al (2018) 2017 ACC/
AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
guideline for the prevention, detection, evaluation, and manage-
ment of high blood pressure in adults: a report of the American
College of Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines. Hypertension 71:e13—e115. https://
doi.org/10.1161/HYP.0000000000000065

Limou S, Nelson GW, Kopp JB, Winkler CA (2014) APOL1 kidney
risk alleles: population genetics and disease associations. Adv Chronic
Kidney Dis 21:426-433. https://doi.org/10.1053/j.ackd.2014.06.005
Coresh J, Selvin E, Stevens LA et al (2007) Prevalence of chronic
kidney disease in the United States. JAMA 298:2038. https://doi.
org/10.1001/jama.298.17.2038

America’s health literacy: why we need accessible health infor-
mation. An Issue Brief From the U.S. Department of Health and
Human Services. 2008. https://www.ahrq.gov/sites/default/files/
wysiwyg/health-literacy/dhhs-2008-issue-brief.pdf

Nash E, Bickerstaff M, Chetwynd AJ et al (2023) The readability
of parent information leaflets in paediatric studies. Pediatr Res
94:1166-1171. https://doi.org/10.1038/s41390-023-02608-z
Noor SM, Abuazzam F, Mathew R et al (2023) IgA nephropa-
thy: a review of existing and emerging therapies. Front Nephrol
3:1175088. https://doi.org/10.3389/fneph.2023.1175088

Yau K, Dharia A, Alrowiyti I, Cherney DZI (2022) Prescribing
SGLT?2 inhibitors in patients with CKD: expanding indications
and practical considerations. Kidney Int Rep 7:1463-1476. https://
doi.org/10.1016/j.ekir.2022.04.094

Maixnerova D, El Mehdi D, Rizk DV et al (2022) New treatment
strategies for IgA nephropathy: targeting plasma cells as the main
source of pathogenic antibodies. J Clin Med 11:2810. https://doi.
org/10.3390/jcm11102810

Zhang H, Rizk DV, Perkovic V et al (2024) Results of a randomized
double-blind placebo-controlled Phase 2 study propose iptacopan as
an alternative complement pathway inhibitor for IgA nephropathy.
Kidney Int 105:189-199. https://doi.org/10.1016/j.kint.2023.09.027
EMPA-KIDNEY Collaborative Group (2024) Impact of pri-
mary kidney disease on the effects of empagliflozin in patients
with chronic kidney disease: secondary analyses of the

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1159/000145460
https://doi.org/10.1159/000145460
https://doi.org/10.1136/bmj.4.5627.352
https://doi.org/10.1136/bmj.4.5627.352
https://doi.org/10.1007/s004670050555
https://doi.org/10.1007/s004670050555
https://doi.org/10.1007/s00467-005-2097-0
https://doi.org/10.1007/s00467-006-0163-x
https://doi.org/10.1007/s00467-006-0163-x
https://doi.org/10.1093/ndt/gfn014
https://doi.org/10.1093/ndt/gfn014
https://doi.org/10.1007/s00467-006-0301-5
https://doi.org/10.1186/1471-2369-8-11
https://doi.org/10.1186/1471-2369-8-11
https://doi.org/10.1007/s40620-020-00816-y
https://doi.org/10.1007/s00467-023-06210-7
https://doi.org/10.1053/j.ackd.2015.08.004
https://doi.org/10.1136/rmdopen-2024-004481
https://doi.org/10.1136/rmdopen-2024-004481
https://doi.org/10.1159/000535955
https://doi.org/10.1080/0886022X.2022.2048017
https://doi.org/10.1080/0886022X.2022.2048017
https://doi.org/10.2215/CJN.0000000000000135
https://doi.org/10.2215/CJN.0000000000000135
https://doi.org/10.1053/j.ajkd.2018.07.020
https://doi.org/10.1258/acb.2009.009007
https://doi.org/10.3389/fmed.2022.854300
https://doi.org/10.1007/s00467-022-05429-0
https://doi.org/10.1093/clinchem/hvab282
https://doi.org/10.1053/j.ajkd.2019.11.008
https://doi.org/10.1007/s10157-013-0849-x
https://doi.org/10.1093/ndt/gfv269
https://doi.org/10.1093/ndt/gfv269
https://doi.org/10.1542/peds.2017-1904
https://doi.org/10.1161/HYP.0000000000000065
https://doi.org/10.1161/HYP.0000000000000065
https://doi.org/10.1053/j.ackd.2014.06.005
https://doi.org/10.1001/jama.298.17.2038
https://doi.org/10.1001/jama.298.17.2038
https://www.ahrq.gov/sites/default/files/wysiwyg/health-literacy/dhhs-2008-issue-brief.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/health-literacy/dhhs-2008-issue-brief.pdf
https://doi.org/10.1038/s41390-023-02608-z
https://doi.org/10.3389/fneph.2023.1175088
https://doi.org/10.1016/j.ekir.2022.04.094
https://doi.org/10.1016/j.ekir.2022.04.094
https://doi.org/10.3390/jcm11102810
https://doi.org/10.3390/jcm11102810
https://doi.org/10.1016/j.kint.2023.09.027

1958

Pediatric Nephrology (2025) 40:1949-1958

EMPA-KIDNEY trial. Lancet Diabetes Endocrinol 12:51-60.
https://doi.org/10.1016/S2213-8587(23)00322-4

35. Mann SK, Bone JN, Bosman ES et al (2024) Predictive utility
of ANCA positivity and antigen specificity in the assessment of
kidney disease in paediatric-onset small vessel vasculitis. RMD
Open 10:¢004315. https://doi.org/10.1136/rmdopen-2024-004315

@ Springer

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/S2213-8587(23)00322-4
https://doi.org/10.1136/rmdopen-2024-004315

	Comparing adolescent glomerular disease clinical outcomes to the clinical outcomes in childhood, young adult, and adult-onset glomerular disease in the CureGN database
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study population
	Derived variables
	Statistical analysis
	Ethics

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References


