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Background—Cardiovascular disease is a major cause of morbidity and mortality in children with chronic kidney disease. We
sought to determine the prevalence of cardiovascular risk factors in children with glomerular disease and to describe current
practice patterns regarding risk factor identification and management.

Methods and Results—Seven-hundred sixty-one children aged O to 17 years with any of 4 biopsy-confirmed primary
glomerular diseases (minimal change disease, focal segmental glomerulosclerosis, membranous nephropathy, and IgA
nephropathy/vasculitis) were enrolled at a median of 16 months from glomerular disease diagnosis in the multicenter
prospective Cure Glomerulonephropathy Network study. Prevalence of traditional (hypertension, hypercholesterolemia, and
obesity) and novel (proteinuria, prematurity, and passive smoke exposure) cardiovascular risk factors were determined at
enrollment and compared across glomerular disease subtypes. Frequency of screening for dyslipidemia and prescribing of lipid-
lowering or antihypertensive medications were compared across glomerular disease subtype, steroid exposure, and remission
status groups. Compared with the general population, all traditional risk factors were more frequent: among those screened,
21% had hypertension, 51% were overweight or obese, and 71% had dyslipidemia. Children who were not in remission at
enrollment were more likely to have hypertension and hypercholesterolemia. Fourteen percent of hypertensive children were
not receiving antihypertensives. Only 49% underwent screening for dyslipidemia and only 9% of those with confirmed
dyslipidemia received lipid-lowering medications.

Conclusions—Children with primary glomerular diseases exhibit a high frequency of modifiable cardiovascular risk factors,
particularly untreated dyslipidemia. Lipid panels should be routinely measured to better define the burden of dyslipidemia in this
population. Current approaches to screening for and treating cardiovascular risk factors are not uniform, highlighting a need for
evidence-based, disease-specific guidelines. (/ Am Heart Assoc. 2019;8:e012143. DOI: 10.1161/JAHA.119.012143.)
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C ardiovascular disease (CVD) is a major cause of morbid-
ity and mortality in children with chronic kidney disease
(CKD)."? In children on dialysis, cardiovascular mortality rates
are far higher than in the general pediatric population, and
CVD accounts for 33% to 36% of all deaths.®* As children with

CKD become young adults, CVD prevalence increases fur-
ther.>® Accordingly, The American Heart Association’s Expert
Panel on Population and Prevention Science and the Council for
Cardiovascular Disease in the Young included children with
CKD in the highest-risk group for CVD development.”
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Clinical Perspective

What Is New?

» Children with primary glomerular diseases have a high
burden of cardiovascular disease risk factors relative to the
general pediatric population.

* The high burden of cardiovascular disease risk factors in

these children is seen irrespective of remission status or

steroid exposure duration.

Screening and treatment practice patterns in these children,

particularly for dyslipidemia, are not uniform, and only 9% of
children with glomerular disease and dyslipidemia in this
cohort received lipid-lowering treatment.

What Are the Clinical Implications?

Opportunities exist to target modifiable cardiovascular
disease risk factors (hypertension, dyslipidemia, and obe-
sity) in children with primary glomerular diseases.
Consistent uniform screening strategies and treatment
guidelines, particularly for dyslipidemia, are urgently
needed.

Childhood glomerular diseases are most often primary
kidney disorders and less frequently secondary to systemic
diseases such as lupus or chronic infections such as hepatitis
B and C, and HIV infection. Primary glomerular diseases may
be caused by known genetic mutations affecting glomerular
basement membrane proteins, though the exact mechanism
for most cases remains incompletely understood and
attributed to immune-related mechanisms.® Their incidence
ranges from 0.1 to 2 cases per 100 000 children per year.’
Despite their relative overall low frequency, they are a
common cause of childhood CKD, accounting for 29% of all
CKD cases in the 854 children enrolled in the CKiD (Chronic
Kidney Disease in Children) study,'® and ~31% of all end-
stage renal disease cases in 11 186 index kidney transplant
recipients from the North American Pediatric Trials and
Collaborative Studies.'' Many glomerular diseases—including
minimal change disease (MCD), focal segmental glomeru-
losclerosis (FSGS), membranous nephropathy (MN) and, to a
lesser extent, IgA nephropathy/IgA vasculitis (IgAN/IgAV)—
are characterized by the presence of nephrotic syndrome.
Nephrotic syndrome is associated with hypertension,'? dys-
lipidemias,'® and often prolonged exposure to corticosteroids
leading to obesity and diabetes mellitus. However, the
prevalence of traditional and nontraditional CVD risk factors
in children with glomerular disease is not well described. Even
less is known about current practice patterns regarding CVD
risk factor evaluation and treatment in this population.

The Cure Glomerulonephropathy Network (CureGN) is a
prospective multicenter cohort study of children and adults

with glomerular disease funded by the National Institute of
Diabetes and Digestive and Kidney Diseases.'* We hypoth-
esized that children with glomerular disease, particularly
those with active nephrosis, have the highest prevalence of
CVD risk factors and are likely not receiving comprehensive
screening and treatment at a level commensurate with their
risk profile. Therefore, we sought to describe the prevalence
of CVD risk factors in those children and to evaluate current
practice patterns regarding identification and management of
their CVD risk profile.

Methods

The supporting data are available at the National Institute of
Diabetes and Digestive and Kidney Diseases central data
repository.'®

Study Sample

We performed a cross-sectional examination of all partici-
pants younger than 18 years old at the time of consent who
were enrolled in CureGN between December 2014 and
January 2018. CureGN enrolls participants from multiple
clinical sites in North America and Europe. Participants with a
diagnostic kidney biopsy within 5 years before enrollment
that meets pathologic criteria for MCD, FSGS, MN, or IgAN/
IgAV are eligible for inclusion. Those with end-stage renal
disease at the time of screening or any of the following at the
time of first kidney biopsy are excluded: systemic lupus
erythematosus, HIV infection, diabetes mellitus, active hep-
atitis B/C, active malignancy, or prior solid organ/bone
marrow transplant. The study protocol was approved by the
Institutional Review Board at each participating center and all
participants provided written, informed consent or assent at
enrollment.

Data Collection

Demographic and clinical characteristics collected at study
enrollment included age, sex, race, ethnicity, glomerular
disease subtype, disease duration, medication use at or
before enrollment, and treatment responsiveness (ie, steroid
responsive, steroid-resistant, or multidrug resistant, as noted
in medical records by treating providers).

Other variables of interest included estimated glomerular
filtration rate (eGFR), serum albumin, and urine protein-to-
creatinine ratio (UPCR). The central CureGN laboratory utilized
a Randox RX Daytona chemistry analyzer to measure serum
and urine creatinine using the Jaffe method, and urine protein
with a colorimetric method. When central measurements were
not available (74% serum creatinine, 80% UPCR), serum
creatinine and UPCR measurements performed in local
laboratories within 60 days before and after enroliment were
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extracted from clinical records. Estimated GFR was calculated
using the modified Schwartz formula.'®

CVD Risk Factors Definitions

We assessed the prevalence at enrollment of pre-existing CVD
or any of the following traditional (hypertension, obesity, and
dyslipidemia) or nontraditional (proteinuria, prematurity, and
second-hand smoke exposure) CVD risk factors. Three seated
casual blood pressure measurements were obtained after 5
minutes of rest using a calibrated site-dependent oscillometric
device at the enrollment visit. Consensus recommendations
for cuff size selection and patient preparation were followed at
all sites.'” Hypertension was defined as a self-reported history
of hypertension. The second and third seated blood pressure
measurements were averaged and used to stratify blood
pressure level at enrollment. Patients were considered to have
a hypertensive-level casual blood pressure reading at enroll-
ment if the average blood pressure measurement exceeded
the 95th percentile for age, sex, and height."” Participants
were considered to have a prehypertensive level casual blood
pressure at enrollment if the average blood pressure reading
was between the 90th and 95th percentile for age, sex, and
height. Weight and height were measured at enrollment visit
and body mass index (BMI) was calculated using the Centers
for Disease Control and Prevention BMI calculator. Weight was
classified using age- and sex-specific BMI percentiles from the
Centers for Disease Control and Prevention growth chart as
normal (BMI between the 5th percentile to less than the 85th
percentile), overweight (BMI from 85th to less than the 95th
percentile), or obese (BMI greater than or equal to the 95th
percentile).'® Lipid panels performed in local laboratories
were extracted from clinical records and were included if
performed before and up to 7 days following enrollment.
Fasting status information was not available. Dyslipidemia at
enrollment was defined per the National Heart, Lung and
Blood Institute and the Kidney Disease: Improving Global
Outcomes clinical practice guidelines, and included a total
cholesterol >200 mg/dL, low-density lipoprotein >130 mg/
dL, high-density lipoprotein <40 mg/dL, or triglycerides
>100 mg/dL (age 0-9 years) or >130 mg/dL (age 10—
18 years)." Significant proteinuria was defined as UPCR >2
quantified by a 24-hour urine collection, a first morning void,
or random spot urine. History of prematurity (birth before
37 weeks gestation), self-reported smoking or exposure to
second-hand smoke, and pre-existing CVD diagnoses includ-
ing coronary artery disease, heart failure, heart arrhythmia,
stroke, peripheral vascular disease, aortic aneurysm, and
valvular heart disease were obtained from participant inter-
views at enrollment visit. Participants were considered in
complete remission at enrollment if they had a UPCR <0.3 and
serum albumin >3 g/dL.

CVD Risk Factor Screening and Treatment
Practice Patterns

The following variables were extracted from patients’ local
medical records using a standardized data collection form:
lipid profile measurement (yes/no), prescription of lipid-
lowering medication (yes/no), type of lipid-lowering medica-
tion, prescription of any antihypertensive medication, and
prescription of renin—angiotensin—aldosterone system (RAAS)
blockers specifically. Screening and treatment frequencies
were compared across the 4 glomerular disease types, and
across prespecified groups of interest (ie, participants with
versus without nephrotic range proteinuria, and those
prescribed versus not prescribed RAAS blockers).

Statistical Methods

Continuous variables were summarized as medians with
interquartile ranges (IQRs) and categorical variables as fre-
quencies. Demographic, clinical, medication, and practice
pattern data were compared across MCD, FSGS, MN, and
IgAN/IgAV groups, and practice pattern data were also
compared across proteinuria and RAAS blockade groups, using
a % or Fisher exact test for categorical variables and the
Kruskal-Wallis test for continuous variables. To compare the
prevalence of CVD risk factors between disease groups, using
IgAN/IgAV as the reference group, prevalence ratios were
estimated using a modified Poisson regression model with a
sandwich estimator.?’ Modified Poisson rather than logistic
models were used because of our interest in prevalence ratios
rather than odds ratios, more robust standard error estimation,
and precision and consistency of effect estimates with
adjustment covariates.'®?' Models to estimate prevalence
ratios for hypertension, obesity, and hypercholesterolemia in
MCD, FSGS, and MN versus IgAN/IgAV participants were
adjusted for age, sex, race, and eGFR. We compared the
prevalence of CVD risk factors in the CureGN pediatric cohort
to prevalence reported in the US general pediatric population
using 1-sample binomial proportion tests.?>" ¢ All analyses
were conducted using SAS software, Version 9.4 (2013; SAS
Institute Inc., Cary, NC).

Results

Cohort Description

A total of 761 children were included in this study: 283 (37%)
with MCD, 177 (23%) with FSGS, 36 (5%) with MN, and 265
(35%) with IgAN/IgAV (Table 1). The median age at disease
diagnosis was 9 years (IOR 5—13). Participants were enrolled
at a median of 16 months (IQR 5-37) since diagnosis and
11 months (IQR 3-29) since their kidney biopsy. Most
participants were white (71%), and the remaining were 18%
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Table 1. Pediatric CureGN Subjects
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Median (IQR) or n (%)* Overall (n=761) MCD (n=283) FSGS (n=177) MN (n=36) IAN (n=265)
Age at consent, y 11 (7-15) 8 (6-12) 13 (8-16) 15 (12-17) 12 (9-15)
Disease duration (mo since diagnosis) 16 (5-37) 27 (10-51) 14 (6-36) 6 (2-22) 11 (3-28)
Race*

White 510 (71) 171 (65) 98 (58) 21 (64) 220 (87)

Black 132 (18) 59 (22) 54 (32) 9 (27) 10 (4)

Asian 43 (6) 21 (8) 6 (4) 1(3) 15 (6)

Other 34 (5) 13 (5) 10 (6) 2 (6) 9 (4
Hispanic/Latino® 94 (12) 35 (12) 20 (11) 8 (22) 31 (12)
Male 449 (59) 174 (61) 95 (54) 16 (44) 164 (62)
Disease classification

Steroid/multi-drug-resistant 134 (18) 56 (20) 59 (33) 8 (22) 11 4)

Steroid sensitive 256 (34) 163 (58) 41 (23) 5 (14) 47 (18)

Untreated 101 (13) 22 (8) 28 (16) 5 (14) 46 (17)

Unknown/not applicable 270 (35) 42 (15) 49 (28) 18 (50) 161 (61)
eGFR, mL/min per 1.73 m?* 103 (86-124) 113 (94-134) 93 (69-114) 103 (89-129) 100 (86-119)
Serum albumin, g/dL® 3.8 (3.0-4.2) 3.7 (2.8-4.2) 3.6 (2.6-4.2) 3.2 (2.2-4.0) 4.0 (3.6-4.2)
UPCR® 0.5 (0.1-2.4) 0.2 (0.1-2.6) 1.2 (0.2-3.9) 2.0 (0.9-7.0) 0.4 (0.2-1.2)
Birth weight, kg® 3.3 (3.0-3.7) 3.3 (2.9-37) 3.4 (2.9-3.7) 3.3 (3.0-3.5) 3.4 (3.1-3.7)

CureGN indicates Cure Glomerulonephropathy Network; EGFR, estimated glomerular filtration rate; FSGS, focal segmental glomerulosclerosis; IgAN, IgA nephropathy; IQR, interquartile
range; MCD, minimal change disease; MN, membranous nephropathy; UPCR, urine protein-to-creatinine ratio (measured on 24—hour urine, first morning void, or spot/random urine in

hierarchy as available).

*Percent reported among nonmissing observations.
f<1% missing.

5% to 10% missing.

$10% to 20% missing.

black and 6% Asian. Hispanic or Latino ethnicity was reported
by 12%. Among white children, IgAN/IgAV predominated
(43%), 34% had MCD, and 19% had FSGS. Among black
children, MCD predominated (45%), 41% had FSGS, and only
8% had IgAN/IgAV. Children with MCD had longer disease
duration before enrollment, at 27 months versus 6 to
14 months in the other groups.

At enrollment, median eGFR was 103 mL/min per 1.73 m?
overall and exceeded 90 mL/min per 1.73 m? in all disease
subgroups. Median serum albumin was normal at 3.8 g/dL
(IGR 3.0-4.2) and median UPCR was mildly elevated at
0.5 mg/mg (IGR 0.1-2.4). In 521 children with serum
albumin and UPCR measurements at enrollment, only 200
(38%) were in complete remission.

Table 2. Immunosuppression at Enrollment

Immunosuppressive medication burden at enroliment was
high with 421 (55%) of children receiving either steroids or a
calcineurin inhibitor (Table 2). Steroid exposure duration
exceeded 6 months in 43% of participants who were ever
prescribed them (Table 3).

CVD Risk Factors
Traditional risk factors

Hypertension. Hypertension was frequently observed
(Table 4). Twenty-one percent of participants self-reported a
history of hypertension, and 22% had a hypertensive-level
casual clinic blood pressure reading at enrollment. Hyperten-
sive-level blood pressure readings were noted in 34% of those

Overall (n=761) MCD (n=283) FSGS (n=177) MN (n=36) IgAN/IgAV (n=265)
Steroids, all 297 (39%) 138 (49%) 57 (32%) 11 (31%) 91 (35%)
CNI, all 232 (31%) 120 (43%) 84 (48%) 16 (44%) 12 (5%)
Steroids-+CNI 108 (14%) 60 (21%) 34 (19%) 6 (17%) 8 (2%)

CNI indicates calcineurin inhibitor; FSGS, focal segmental glomerulosclerosis; IgAN, IgA nephropathy; IgAV, IgA vasculitis; MCD, minimal change disease; MN, membranous nephropathy.
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Table 3. Steroid Exposure From Diagnosis to Enrollment

Overall (1=297) MCD (n=138) FSGS (n=57) MN (n=11) IgAN/IZAV (n=91)
<6 mo 133 (45%) 42 (30%) 28 (49%) 6 (55%) 57 (63%)
6-12 mo 45 (15%) 19 (14%) 11 (19%) 0 (0%) 15 (16%)
12-24 mo 43 (14%) 28 (20%) 3 (5%) 2 (18%) 10 (11%)
24+ mo 39 (13%) 31 (22%) 7 (12%) 0 (0%) 1 (1%)
Unknown 37 (12%) 18 (13%) 8 (14%) 3 (27%) 8 (9%)

FSGS indicates focal segmental glomerulosclerosis; IgAN, IgA nephropathy; IgAV, IgA vasculitis; MCD, minimal change disease; MN, membranous nephropathy.

with a known diagnosis of hypertension and 19% of
normotensive children. After adjusting for between-group
differences in age and sex, a higher prevalence of hyperten-
sion or hypertensive-level blood pressure was evident among
participants with MN versus IgAN/IgAV; the association

persisted even after adjusting for race and eGFR (Table 5).
The prevalence of hypertension or hypertensive-level blood
pressure was similar among those with (38%) versus without
(42%) at least 6 months of steroid exposure (Table 6).
However, there was a significant difference in the prevalence

Table 4. Cardiovascular Disease Burden in Pediatric CureGN Subjects at Enrollment

n (%)* Overall (n=761) | MCD (n=283) FSGS (n=177) | MN (n=36) IgAN/IgAV (n=265) | P Value
Hypertension ™ 161 (21) 63 (22) 46 (26) 10 (28) 42 (16) 0.04
Blood pressure level at enroliment®
Normal 460 (64) 164 (61) 95 (58) 15 (46) 186 (74) 0.002
Prehypertensive 99 (14) 39 (15) 31 (19 6 (18) 23 (9)
Hypertensive 160 (22) 66 (25) 38 (23) 12 (36) 44 (17)
Lipid screen collected 372 (49) 172 (61) 94 (53) 22 (61) 84 (32) <0.001
Dyslipidemia (any type), /N (%) 265/372 (71) | 1321172 (77) | 67/94 (71) 20/22 (91) | 46/84 (55) <0.001
Total cholesterol >200 mg/dL, n/N (%) 224/362 (62) 120/168 (71) | 54/92 (59) 18/22 (82) | 32/80 (40) <0.001
Triglycerides >100 mg/dL 158/257 (62) 82/114 (72) 41/63 (65) 13/19 (68) | 22/61 (36) <0.001
(age 0-9) or >130 mg/dL (age 10-18), n/N (%)
HDL cholesterol <40 mg/dL, n/N (%) 44/198 (22) 14/90 (16) 13/51 (26) 4/13 (31) 13/44 (30) 0.17
LDL cholesterol >130 mg/dL, n/N (%) 104/178 (58) 58/81 (72) 20/45 (44) 9/13 (69) 17/39 (44) 0.004
Weight status at enrollment”
Underweight 17 (2) 70 6 (4) 0 (0) 42 0.16
Normal 346 (46) 125 (45) 73 (43) 11 (31) 137 (52)
Overweight 143 (19) 61 (22) 28 (17) 9 (26) 45 (17)
Obese 239 (32 86 (31) 62 (37) 15 (43) 76 (29)
Exposure to firsthand smoke 12 (2) 0(0) 4 (2 13) 7(3) 0.01
Exposure to secondhand smoke 176 (24) 73 (26) 35 (21) 11 (32) 57 (23) 0.39
Prematurity (<37 wks)' 87 (12) 30 (11) 22 (13) 309 32 (13) 0.84
Pre-existing CVD** 14 (2) 6 (2) 4(2) 1(3) 3(1) 0.58

CureGN indicates Cure Glomerulonephropathy Network; CVD, cardiovascular disease; FSGS, focal segmental glomerulosclerosis; HDL, high-density lipoproteins; IgAN, IgA nephropathy;
IgAV, IgA vasculitis; LDL, low-density lipoprotein; MCD, minimal change disease; MN, membranous nephropathy.

*Percent reported among nonmissing observations.
TSelf-reported history of hypertension.

£<1% missing.

5% to 10% missing.

1% to 5% missing.

#Heart arrhythmia (n=8), valvular heart disease (n=4), peripheral vascular disease (n=2), aortic aneurysm (n=1), coronary artery disease (n=1), heart failure (n=1), stroke (n=1).
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Table 5. Prevalence Ratios for Cardiovascular Risk Factors, by Disease

Model 1: Unadjusted Model 2: Adjusted for Age, Sex Model 3: Model 2-+Race Model 4: Model 3+Enrollment eGFR
Hypertension or hypertensive-level blood pressure*
MCD 1.4 (1.1-1.9) 1.3 (1.0-1.7) 1.2 (1.0-1.6) 1.3 (1.0-1.7)
FSGS 1.5 (1.1-1.9) 1.5 (1.1-1.9) 1.3 (1.0-1.7) 1.3 (1.0-1.8)
MN 2.0 (1.4-2.8) 2.1 (1.4-3.0) 1.9 (1.3-2.8) 1.9 (1.3-2.8)
IgAN/IgAV Ref. Ref. Ref. Ref.
Hypercholesterolemia
MCD 1.8 (1.3-2.4) 1.7 (1.2-2.2) 1.6 (1.2-2.1) 1.6 (1.2-2.1)
FSGS 1.5 (1.1-2.0) 1.4 (1.0-1.9) 1.3 (1.0-1.8) 1.4 (1.0-1.9)
MN 2.0 (1.5-2.9) 2.1 (1.5-2.9) 2.1 (1.5-2.9) 2.1 (1.5-2.9)
IgAN/IgAV Ref. Ref. Ref. Ref.
Obesity
MCD 1.1 (0.8-1.4) 1.0 (0.8-1.3) 1.0 (0.7-1.3) 0.9 (0.7-1.3)
FSGS 1.3 (1.0-1.7) 1.3 (1.0-1.7) 1.2 (0.9-1.6) 1.1 (0.8-1.5)
MN 1.5 (1.0-2.3) 1.6 (1.0-2.4) 1.5 (1.0-2.4) 1.4 (0.9-2.2)
IgAN/IgAV Ref. Ref. Ref. Ref.

eGFR indicates estimated glomerular filtration rate; FSGS, focal segmental glomerulosclerosis; IgAN, IgA nephropathy; IgAV, IgA vasculitis; MCD, minimal change disease; MN,

membranous nephropathy; ref, reference.

*Self-reported history or enroliment systolic and/or diastolic blood pressure >95th percentile.

of hypertension or hypertensive-level blood pressure among
those who were (29%) versus were not (44%) in complete
remission at enrollment, P<0.001 (Table 7).

Twenty-six percent of participants with hypertension or
hypertensive-level blood pressure were not receiving any
antihypertensive medication at enrollment, and only 68% were
treated with RAAS-blocking medications (Table 8). RAAS
blockers were prescribed most frequently for hypertensive
participants with FSGS at 84%. The proportion of hypertensive
participants receiving treatment with any antihypertensive

Table 6. Cardiovascular Risk Factors, by Steroids Exposure
at Enrollment

Steroid Exposure from Diagnosis to Enroliment
<6 Months (n=133) 6+ Months (n=127)
Hypertension or 56 (42%) 48 (38%)
hypertensive-level
blood pressure*
Hypercholesterolemia
TC measured 56 (42%) 76 (60%)
TC >200 42/56 (75%) 53/76 (70%)
Obesity 47 (35%) 44 (35%)

TC indicates total cholesterol.

*Self-reported history or enroliment systolic and/or diastolic blood pressure >95th

percentile.

agent or with a RAAS blocker specifically was similar
regardless of the presence or absence of nephrotic-range
proteinuria (89% and 79% in those with UPCR >2 versus 85%
and 79% in those with UPCR<2, P=0.5 and P=1.0,
respectively).

Dyslipidemia. Only 49% of our study population had
evidence of lipid screening. Among those with lipids mea-
sured, 265 (71%) had dyslipidemia of any type, and 224 (62%)
had hypercholesterolemia. Hypercholesterolemia was most

Table 7. Cardiovascular Risk Factors, by Remission Status at
Enrollment

In Remission at Enrollment*

Yes (n=200)
58 (29%)

No (n=321)
141 (44%)

Hypertension or
hypertensive-level
blood pressure’

Hypercholesterolemia

TC measured 110 (55%)
TC >200 47/110 (43%)
Obesity 57 (29%)

160 (50%)
115/160 (72%)
111 (35%)

TC indicates total cholesterol.

*Remission=serum albumin >3 g/dL and urine protein-to-creatinine ratio <0.3.
fSeIf—reported history or enrollment systolic and/or diastolic blood pressure >95th
percentile.
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Table 8. Screening and Treatment Practice Patterns for CVD Disease Risk Factors in Pediatric CureGN Subjects

n/N (%) Overall (n=761) | MCD (n=283) | FSGS (n=177) | MN (n=36) | IgAN/IgAV (n=265) | P value
Patients with any hypertension*, whole cohort' 268/761 (35) | 108/283 (38) | 70/177 (40) | 19/36 (53) | 71/265 (27) 0.001
Number on any antihypertensive medication 197/268 (74) | 74/108 (69) 59/70 (84) 14/19 (74) | 50/71 (70) 0.12
Number on RAAS blocker 181/268 (68) | 68/108 (63) | 54/70 (77) 14/19 (74) | 45/71 (63) 0.18
Patients on RAAS blocker, whole cohort’ 444/761 (58) | 120/283 (42) | 130/177 (73) | 24/36 (67) | 170/265 (64) <0.001
Among those with UPCR >2 98/168 (58) 30/62 (48) 35/51 (69) 9/15 (60) | 24/40 (60) 0.19
Patients prescribed lipid- lowering medication, whole cohort™ | 78/761 (10) 9/283 (3) 17177 (10) | 6/36 (17) | 46/265 (17) <0.001
Among patients with lipid profile measured 35/372 (9) 5172 (3) 13/94 (14) 6/22 (27) 11/84 (13) <0.001
Among patients with TC >200 mg/dL* 19/224 (9) 4/120 (3) 8/54 (15) 6/18 (33) 1/32 (3) <0.001
Among patients with dyslipidemia of any type 25/265 (9) 4/132 (3) 9/67 (13) 6/20 (30) | 6/46 (13) <0.001

CureGN indicates Cure Glomerulonephropathy Network; CVD, cardiovascular disease; FSGS, focal segmental glomerulosclerosis; IgAN, IgA nephropathy; IgAV, IgA vasculitis; MCD, minimal
change disease; MN, membranous nephropathy; RAAS blocker, renin-angiotensin-aldosterone system blocker; TC, total cholesterol; UPCR, urine protein-to-creatinine ratio.
*Self-reported history or enroliment systolic and/or diastolic blood pressure >95th percentile.

T<1% missing.

Hotal cholesterol: MCD missing 41%, FSGS missing 48%, MN missing 39%, IgAN missing 70%.

frequent in MN (82%) followed by MCD (71%), and least
frequent in IgAN/IgAV (40%) (Table 4). Hypercholesterolemia
was frequently observed regardless of steroid exposure
duration (Table 6). Among screened participants in complete
remission, 43% had hypercholesterolemia compared with 72%
of those not in remission (P<0.001) (Table 7).

Only 25 children with dyslipidemia (9%) were prescribed a
lipid-lowering medication, which included statins, fish oil, or
bile acid sequestrants. Forty-three of the 78 children treated
with lipid-lowering agents lacked a lipid profile measurement,
of whom 33 received fish oil. Normal lipid profiles were noted in
10 children treated for dyslipidemia. The frequency of lipid-
lowering medications differed across glomerular disease
causes (Table 8). Overall, participants with MCD were least
likely to receive lipid-lowering treatment, whereas those with
MN or IgAN/IgAV were more likely. The proportion of those
treated with lipid-lowering medications was also almost 2 times
higher in participants with nephrotic-range proteinuria (UPCR
>2) compared with those without (16% versus 9%, P=0.02).
Finally, lipid-lowering medication use was almost twice as high
in RAAS blocker users at 13% versus 6% in nonusers.

Obesity. Based on BMI percentile at study enrollment, 51%
were either overweight (19%) or obese (32%); only 2% and 5%
of overweight and obese participants, respectively, had
moderate or severe edema noted on their enrollment visit
physical examination with 78% and 79%, respectively, having
no edema at all. Relative to participants with IgAN/IgAV, the
prevalence ratio of obesity was slightly higher among
patients with MN, although Cls were wide (Table 5). There
was no difference in the proportion of obese participants in
relation to steroid exposure duration (Table 6). The propor-
tion of obese participants was lower in those in complete

remission, though not significantly different from those who
were not (Table 7).

Nontraditional risk factors

Proteinuria. Overall, the median UPCR was subnephrotic at
enrollment (Table 1). The highest median UPCR was observed
in the MN group at 2.0 (IGR 0.9-7.0). RAAS blockers were
frequently prescribed (Table 8) with use in 58% of all children
including 58% of those with nephrotic range proteinuria (UPCR
>2), 71% of those with a UPCR of 0.3< and <2, and 52% in
those with UPCR <0.3. The highest proportion of participants
on RAAS blockers were those with FSGS (73%), and the lowest
in participants with MCD (42%). RAAS blocker use was more
frequent in  children with steroid/multi-drug-resistant
glomerular disease compared with steroid-sensitive disease
(67% versus 48%), P<0.001.

Other factors. Exposure to firsthand smoke was limited to
12 participants, while 24% reported exposure to secondhand
smoke at home. Twelve percent were born prematurely.

Comparison to the general pediatric population

Except for prematurity, all risk factors were more frequent
among children with glomerular disease (Figure).

Discussion

Our study examines the cardiovascular risk profile in the
pediatric CureGN cohort, which represents the largest cohort
of children with 4 common and biopsy-confirmed glomerular
diseases assembled to address these questions, and provides
a contemporary description of practitioners’ practice patterns
in screening and treatment of CVD risk factors in this high-risk
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Figure. Cardiovascular risk disease burden in CureGN patients vs general pediatric population. *2004
National preterm birthrate, median year of birth for CureGN patients.?>2® CureGN indicates Cure

Glomerulonephropathy Network.

pediatric population in North America and Europe. As
hypothesized, our findings confirm the high prevalence of
CVD risk factors in children with glomerular disease and
highlight potential areas for improvement in screening and
treatment of these risk factors. Despite the relatively mild
degree of CKD at enrollment (median eGFR exceeded 90 mL/
min per 1.73 m? in all subgroups), hypertension was reported
by almost one fourth of patients, with a similar percentage
exhibiting a hypertensive-level blood pressure reading at their
initial visit. Similarly, more than half were either overweight or
obese, and in those who underwent lipid screening more than
two thirds had dyslipidemia. Another concerning finding is the
presence of these risk factors at a high prevalence regardless
of cumulative steroid exposure duration, and even in the
minority (38%) that were in complete remission at the time of
enrollment.

In comparison, the prevalence of systolic hypertension,
overweight/obesity, and dyslipidemia in the CKiD cohort was
14%, 24%, and 45%, respectively.?””?® The Cardiovascular
Comorbidity in Children with Chronic Kidney Disease (4C)
study reported that 26% of patients had uncontrolled
hypertension and 23% were overweight/obese.?’ The NEP-
TUNE (Nephrotic Syndrome 