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Background and objectives: Proteinuria is associated with chronic kidney disease (CKD), and heavy proteinuria predicts a
rapid decline in kidney function. However, the epidemiologic distribution of this important biomarker study is not well
described in the pediatric CKD population.

Design, setting, participants & measurements: This cross-sectional study of North American children with CKD examined
the association of proteinuria among the baseline clinical variables in the cohort. Urinary protein-to-creatinine ratios (Up/c)
were used to measure level of proteinuria.

Results: Of the 419 subjects studied, the median GFR as measured by iohexol disappearance (iGFR) was 42 ml/min per 1.73
m?, median duration of CKD was six yr, and glomerular diseases accounted for 22% of the CKD diagnoses. Twenty-four
percent of children had normal range (Up/c <0.2), 62% had significant, and 14% had nephrotic-range proteinuria (Up/c >2.0).
A decrease in iGFR was associated with an increase in Up/c. At any level of GFR, a higher Up/c was associated with a
glomerular cause of CKD and non-Caucasian race. Among subjects with a glomerular cause of CKD, Up/c was lower in
subjects reporting utilization of renin-angiotensin system (RAS) antagonists (median Up/c = 0.93) compared with those who
did not (median Up/c = 3.78).

Conclusions: Proteinuria is associated with level of iGFR, cause of CKD, and race. The longitudinal study design of Chronic
Kidney Disease in Children (CKiD) cohort study and the large number of subjects being studied has created an opportunity

to better define the association between proteinuria and CKD progression.
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roteinuria is an important biomarker strongly associ-
P ated with chronic kidney disease (CKD) and is an in-

dicator of underlying glomerular disease or renal tubu-
lar dysfunction. Recently, the National Kidney Foundation has
recommended the evaluation of individuals for CKD by either
blood testing to estimate GFR or by urinary screening for the
detection of proteinuria. Tests for total urine protein are pre-
ferred in children, except for those with diabetes who should be
screened for albuminuria (1). Not only is proteinuria a marker
of kidney damage, but it is also responsible for progressive
kidney injury. The increase in urinary protein either by damage
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to the glomerular capillary wall or by decrease in tubular
reabsorbtion of protein causes injury to renal tubular cells (2).
Exposure of tubules to urinary proteins causes interstitial in-
flammation and subsequent fibrosis, (3) as well as apoptosis in
proximal tubular cells (4). Adult and pediatric studies also
demonstrate that elevated urine total protein is an independent
risk factor for a progressive decline in kidney function (5-9).
Although the baseline level of proteinuria is a known risk factor
for CKD progression, the determinants of proteinuria and how
proteinuria changes with kidney progression are unclear. A
better understanding of these phenomena might yield new
insights and treatments for kidney disease progression. To that
end, an epidemiologic survey of all patients with CKD would
be important to assess potential environmental modifiers and
differences in groups among children with CKD (10). The prin-
cipal aim of the present study is to describe the distribution of
proteinuria in a large cohort of children with mild to moderate
CKD and to identify clinical characteristics, including kidney
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function, associated with elevated levels of proteinuria. To
achieve this, we draw upon baseline data from the Chronic
Kidney Disease in Children (CKiD) prospective cohort study.

Materials and Methods
Study Population

The CKiD study is a prospective observational cohort study of chil-
dren with mild to moderate CKD throughout 43 pediatric nephrology
centers across North America. The study design and conduct for CKiD
has been approved by the External Advisory Committee appointed by
the National Institutes of Health and by internal review boards for each
participating center. A detailed description of the study design and
methods for CKiD has been previously published (11). Briefly, children
enrolled in CKiD were 1 to 16 yr of age and had a Schwartz-estimated
GFR (12,13) between 30 and 90ml/min per 1.73m? Exclusion criteria
included: renal, other solid-organ, bone marrow, or stem cell transplan-
tation; dialysis treatment within the past 3 mo; cancer/leukemia diag-
nosis or HIV diagnosis/treatment within the past 12 mo; current preg-
nancy or pregnancy within the past 12 mo; history of structural heart
disease; genetic syndromes involving the central nervous system; and
history of severe to profound mental retardation.

As of February 2008, 528 children had undergone their baseline visit,
at which time the iohexol-based GFR (iGFR) was measured and the
urine protein/creatinine (Up/c) ratio was determined. In the current
study, analysis was restricted to the 419 children with measured iGFR
and Up/c at baseline as well as known sex, age, CKD diagnosis, and
current medication use.

Measurements and Data Collection

The central laboratory (University of Rochester) processed all labo-
ratory specimens for testing of blood and urine. Serum creatinine was
determined enzymatically (creatinine deiminase reaction) using the
Bayer Advia 2400 analyzer. Serum electrolytes, BUN, and glucose were
also determined by the Bayer Advia 2400 analyzer. Serum albumin was
determined by the bromocresol green binding method.

The GFR measurements were determined by plasma iohexol disap-
pearance curves iohexol-based GFR (iGFR) at four time points - 10, 30,
120, and 300 min - after infusion of 5 ml of iohexol (Ominipaque, GE
Healthcare, Princeton, NJ). Details of the iGFR assessment methods
have been published previously (14).

Urinary protein and creatinine measurements were obtained from
urine samples collected for the study visit either at home by the
participant or upon arrival at the clinical center. All patients were
requested to collect and submit a first-morning urine sample, which
had been defined as before 9:00 a.m. The collection times for urine
samples were known for 89% (n = 374) of subjects. Of these, 79% (n =
294) were collected before 9:00 a.m. Proteinuria was defined by the
Up/c level. Participants were identified as having normal ratios (Up/c
<0.2), significant proteinuria (0.2 — 2 Up/c), or nephrotic-range pro-
teinuria (Up/c >2).

Urine total protein was measured by binding to pyrogallol red in an
acid environment containing molybdate ions. The resulting blue-col-
ored complex absorbs maximally at 600 nm and is proportional to the
protein concentration. The method is linear up to 125 mg/L and has an
overall coefficient of variation of 3.7 to 4.9%. Urine creatinine was
measured using the kinetic reaction of picric acid with creatinine in an
alkaline medium (Jaffe). The rate of complex formation is measured at
505 nm and is proportional to the creatinine concentration. The method
is linear from 1.5 to 300 mg/dl and the overall coefficient of variation
is 1.4 to 2.1%. Both the urine total protein and urine creatinine concen-
trations were measured by the Bayer Advia 2400 analyzer with the
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coefficient of variations given by the technical specifications of the
manufacturer.

Nonlaboratory data were obtained at the baseline visit using stan-
dardized forms. Data collected and analyzed in the current analysis
includes age, sex, race, ethnicity, height, weight, clinical BP, reported
intake of renin-angiotensin system (RAS) antagonists during the past
30 d, primary CKD diagnosis, and age at which the parent or child was
first aware of the child’s CKD. RAS antagonists were classified either as
angiotensin-converting enzyme inhibitors (ACEI) or angiotensin recep-
tor blockers (ARBs). Height and weight were determined as the mean
of three independent measurements, from which body mass index
(BMI) was determined. Height, weight, and BMI percentiles were cal-
culated (15) using NHANES III age- and sex- specific norms (16);
obesity was defined as a BMI >95™ percentile. Casual BP were deter-
mined as the average of three measurements obtained by auscultation
using an aneroid sphygmomanometer (Mabis MedicKit 5, Mabis
Healthcare, Waukegan, IL). Participants with BP =>95th percentile for
age, sex, and height were defined as hypertensive (HTN); the percen-
tiles cutoffs were determined using the National High Blood Pressure
Education Program 4™ Report on the diagnosis, evaluation, and treat-
ment of high BP in children and adolescents (17). The subject’s severity
of CKD was classified by strata defined by the National Kidney Foun-
dation (NKF) Kidney Disease Outcomes Quality Initiative (K/DOQI)
CKD staging system, (18) as defined by the subject’s iGFR (and not
estimated GFR) at baseline.

The diagnoses of CKD were reviewed by the members of the CKiD
Steering Committee and categorized as either glomerular or nonglo-
merular. Glomerular diagnoses include chronic glomerulonephritis,
congenital nephrotic syndrome, diffuse mesangial sclerosis (Denys-
Drash syndrome), diabetic nephropathy, familial nephritis, focal seg-
mental glomerulosclerosis, hemolytic uremic syndrome, Henoch
Schonlein nephritis, idiopathic crescentic glomerulonephritis, IgA ne-
phropathy, membranoproliferative glomerulonephritis types I and II,
membranous nephropathy, sickle cell nephropathy, and systemic im-
munological disease including systemic lupus erythematosis. Nonglo-
merular diagnoses included aplastic-, hypoplastic, and dysplastic kid-
neys; cystinosis; medullary cystic disease/juvenile nephronophthisis,
obstructive uropathy; oxalosis; autosomal dominant and recessive
polycystic kidney disease; pyelonephritis/interstitial nephritis; reflux
nephropathy; renal infarct; syndrome of agenesis of abdominal mus-
culature; and Wilm’s Tumor. CKD diagnoses not subscribing to one of
the groups listed above were reviewed by the Steering Committee and,
if necessary, discussed with the clinical site, so as to be properly
categorized. The duration of a participants’ CKD was determined as the
time between their baseline study visit and when they first became
aware of their CKD diagnosis.

Statistical Analysis

The demographic and clinical characteristics for the overall study
population were summarized using median and interquartile range
(IQR) for continuous variables and percentages and frequencies for
categorical variables. To assess the relationship of these clinical and
demographic characteristics with measured proteinuria, median and
IOR for continuous variables, as well as percentages and frequencies for
categorical variables, were calculated for each level of proteinuria —
normal, significant, and nephrotic (see above definitions). Trends of
continuous and nonbinary ordinal variables across the three levels of
proteinuria were determined nonparametrically using Spearman Rank
Correlations; the Cochran-Armitage Test for trends was used for di-
chotomous variables. P values were reported to summarize the strength
of the trend. The threshold for statistical significance for these investi-
gations and for other analyses was set to 0.05.
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Of primary interest was the cross-sectional relationship of Up/c and
iGFR and how it may be modified by CKD diagnosis. With this in
mind, a log-log scatterplot of Up/c against iGFR that distinguished
between nonglomerular and glomerular CKD patients was overlaid
with nonparametric smoothing splines — one for each diagnosis group.
The smoothing spline is a flexible line that can be thought of as
smoothly connecting a series of averaged Up/c’s; each average is
calculated within a narrow range of continuous iGFR values (19). Each
smoothing spline suggested a log-log linear relationship between Up/c
and iGFR. As such, unadjusted and adjusted regression models quan-
tifying the relationship between Up/c and iGFR were developed. A
Shapiro-Wilks Test (P = 0.22) of the residuals from the log(Up/c) on
log(iGFR) linear regression model confirmed the appropriateness of the
normality assumption for the multivariate analysis. Expected percent-
age changes in Up/c for defined unit changes in iGFR and other
covariates were determined by exponentiating the respective regres-
sion coefficients.

Of secondary interest was the relationship between Up/c, utilization
of RAS antagonists, and CKD diagnosis. With this in mind, RAS an-
tagonist use and proteinuria levels were compared between glomerular
and nonglomerular patients. Multivariate linear regression models
were developed to test the effect modification that CKD diagnosis
might have on the relationship between ACEI/ARB use and log(Up/c¢).
All data analysis for this study was performed using SAS 9.1 statistical
software (SAS Institute, Cary, NC); figures were produced using S-Plus
8.0 (Insightful Corporation, Seattle, WA).

Results

Demographic and clinical characteristics of the 419 children
are displayed in Table 1. The median age was 11 yr; 62% were
male; 68% were Caucasian, 16% were African-American, and
16% reported multiracial or other racial background. Fourteen
percent reported Hispanic ethnicity. Among the subjects in-
cluded in the study, the median iGFR was 42 ml/min per 1.73
m?, the median duration of CKD was 6 yr, and glomerular
diseases accounted for 22% of the CKD diagnoses. The median
Up/c for the cohort was 0.53 with an interquartile range of 0.20
to 1.27. Table 1 also summarizes participants” clinical and de-
mographic characteristics by their level of proteinuria. Twenty-
four percent of children had normal range Up/c (<0.2), 62%
had significant proteinuria, and 14% had nephrotic-range pro-
teinuria.

Figure 1 shows the log-log linear relationship between Up/c
and iGFR for patients with nonglomerular and glomerular
CKD, respectively. In the unadjusted linear regression analysis,
we found that level of proteinuria was associated with iGFR,
age, race, and glomerular cause of CKD (see Table 2). We
estimate that for every 10% decrease in iGFR, Up/c increased
on average by 14% (95% CI: 10%, 18%). While the magnitude of
the association between Up/c and iGFR did not differ by CKD
diagnosis, patients with glomerular CKD had Up/c levels on
average 140% greater than those of nonglomerular patients.
After adjusting for age, gender, race, BMI, cause of CKD, and
RAS antagonist use in the multivariable regression analysis, the
relationship between iGFR and Up/c remained statistically
significant, whereby a decrease in iGFR was associated with an
increase in Up/c. In addition to decreased iGFR and glomerular
CKD, the multivariate regression analysis identified non-Cau-
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casian children as having Up/c levels 40% higher (95% CI: 9%,
80%) than Caucasian children.

Over half (54%) of the patients in the cohort reported taking
a RAS antagonist with a significantly heavier prevalence being
reported by glomerular CKD patients (80%) as compared with
nonglomerular CKD patients (47%) (Table 3). Within the strata
of glomerular CKD subjects, those who reported use of a RAS
antagonist had a lower prevalence of nephrotic- range protein-
uria compared with those who were not using these agents
(respectively, 23% [17/73] versus 67% [12/18]). Within the
strata of nonglomerular subjects, the prevalence of nephrotic-
range proteinuria was similar between those who were and
were not using an ACEI or ARB (10% [16/155] versus 9%
[15/177], respectively). Moreover, among subjects with glomer-
ular causes of CKD, average Up/c levels were significantly
lower in subjects reporting ACEI/ARB intake (median Up/c =
0.93) compared with those who did not (median Up/c = 3.78);
among nonglomerular patients, average Up/c levels did not
differ by RAS antagonist use (median Up/c of 0.45 and 0.42,
respectively).

Table 4 shows the association between current ACEI/ARB
use and Up/c level as modified by CKD diagnosis. After ad-
justing for iGFR, Up/c levels for glomerular CKD patients
utilizing a RAS antagonist were 54% lower (95% CI: —75%,
—15%) than those not taking a RAS antagonist; nonglomerular
CKD patients on ACEI/ARBs showed Up/c levels nonsignifi-
cantly lower by 9% (95% CI: —29%, 18%) when compared with
those not on ACEI/ARBs. The statistical model presented in
Table 4 demonstrates a significant relationship between differ-
ence in proteinuria by ACEI/ARB use and cause of CKD. The
difference in proteinuria is more pronounced in patients in
glomerular disease above and beyond what is expected based
on the effect of ACEI/ARB use and the nonglomerular group
(P value for the interaction <0.01). The adjusted model dem-
onstrates that the inter-relationships of ACEI/ARB use,
cause of CKD, and proteinuria are still present when com-
paring patients within the same strata of iGFR (P value for
the interaction = 0.04).

Discussion

The baseline data from this North American-wide cohort
study provides important observations regarding the patterns
of proteinuria in children with mild to moderate CKD. We
found that the level of proteinuria tended to be higher as the
level of iGFR decreased irrespective of the cause of CKD. Other
factors that were independently associated with proteinuria
were race and glomerular cause of CKD. Furthermore, among
patients with glomerular causes of CKD, those who reported
ACEI or ARB intake tended to have significantly lower levels of
proteinuria compared with those who were not taking these
medications.

Other pediatric studies noted that high levels of proteinuria
were associated with a more rapid decline in kidney function.
In 1997, the European Study Group for Nutritional Treatment
of Chronic Renal Failure in Childhood reported that high-grade
proteinuria at the baseline of their three-year study was asso-
ciated with a more rapid decline in renal function (20). Further-
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Table 1. Patient characteristics®
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Level of Proteinuria

(1? iei‘allé) Normal Significant Nephrotic P value for trend”
(n = 101) (1 = 258) (n = 60)
Age, years 11 [7,14] 91[7,13] 11 [7,14] 12 [9,15] <0.01
Male, % (n) 62 (258) 61 (62) 62 (160) 60 (36) 0.90
Race, % (n)f 0.03¢
Caucasian 68 (285) 75 (76) 68 (174) 58 (35)
African-American 16 (67) 13 (13) 16 (41) 22 (13)
Multi-racial or other 16 (66) 12 (12) 16 (42) 20 (12)
Hispanic ethnicity’ 14 (59) 10 (10) 15 (39) 17 (10) 0.17
BMI 18 [16, 21] 17 [16, 20] 18 [16, 21] 20 [17, 23] <0.01
BMI standard deviation 0.36 [-0.38,1.19] 0.24 [-0.41,0.91] 0.32[-0.43,1.25] 0.66 [0.05,1.25] 0.07
score’

Obese, BMI > 95" 16% (66) 14% (14) 17% (42) 18% (10) 0.46
percentile (SDS)!

Serum albumin, g/dI* 43[4.145] 44[4.34.6] 43 [4.14.5] 3.9 [3.34.2] <0.01

Hypoalbuminemia 14% (60) 4% (4) 9% (24) 54% (32) <0.01
(albumin <4 g/dl)

Glomerular CKD diagnosis, 22% (91) 12% (12) 19% (50) 48% (29) <0.01
% (n)

Iohexol-based GFR, ml/min 42 [32,52] 50 [38,59] 43 [32,51] 33 [28,40] <0.01
per 1.73 m?

K-DOQI CKD Stage, % (1) <0.01¢

I <1% (3) 1% (1) <1% (2) 0% (0)

I 15% (61) 24% (24) 13% (33) 7% (4)

I 65% (274) 65% (66) 66% (171) 62% (37)

v 19% (81) 10% (10) 20% (52) 32% (19)

CKD duration, yearsf 6 [3,10] 6[3,10] 6 [3,10] 7 [3,9] 0.63

Uncontrolled Systolic 14% (59) 13% (13) 14% (35) 19% (11) 0.35
Hypertension, % (n)>f

Uncontrolled Diastolic 15% (60) 13% (13) 13% (33) 24% (14) 0.10
Hypertension, % (n)>f

ACE-Inhibitor/ ARB use, 54% (228) 51% (51) 56% (144) 55% (33) 0.49

% (n)

SDS, standard deviation score.

Median [IQR], unless otherwise noted.
PP values for trend determined using: 1) Spearman Rank-Correlation for continuous and non-binary ordinal variables (e.g.,
CKD Stage), and 2) the Cochran-Armitage test for trends for dichotomous variables.
‘For Caucasian vs. non-Caucasian race.
4Modeled as median iGFR for each K-DOQI stage of CKD.
*Defined as BP =95t" percentile for age, sex, and height.
fMissing data: n = 11 missing systolic hypertension; n = 12 missing diastolic hypertension; n = 1 missing race; n = 5
missing ethnicity; n = 16 missing BMI percentile; n = 1 missing serum albumin; n = 1 missing BMI; n = 7 missing CKD

duration.

more, in 2006, Wong et al. demonstrated that the prevalence of
proteinuria increased with CKD severity from their cross-sec-
tional study of 366 pediatric subjects with CKD (21). Studies
limited to children with nonglomerular nephropathies also ob-
served that level of proteinuria at baseline was associated with
renal failure progression (6,22). The pediatric observations are
consistent with adult CKD studies (8,9) demonstrating that
proteinuria is a risk factor for kidney disease progression. With
the baseline assessment of subjects in this cohort, we found that

higher levels of proteinuria were associated with a lower iGFR.
Given that the median duration of CKD in the cohort is 6 yr, the
high levels of proteinuria associated with a lower GFR likely
reflect prior exposure of these patients to heavy proteinuria.
Alternatively, the progressive loss of kidney function may lead
to an increase in proteinuria. The continued observation of the
CKiD cohort will be important to characterize the changes in
proteinuria over time as well as clarify the relationship between
proteinuria and iGFR.
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million population, compared with 991 among African Amer-
ican, 516 among Native Americans, and 355 among Asians (23).

There are studies in both adult and pediatric non-CKD pop-
ulations that demonstrate racial/ethnic differences in albumin-
uria and proteinuria. Based on a population-based survey in
the United Kingdom of nearly 3000 subjects, Tillin et al. docu-
mented differences in the prevalence of microalbuminuria
among differing racial/ethnic populations, with albumin excre-
tion rates found to be higher in the African Carribbeans com-

118 . 2% 9’)‘.’.; :, '.'"'%-'.,'. :'-_-' . . pared with Southeast Asians and Europeans (24). In an adoles-
116 o ° 20 e % o .. | cent population of 647 subjects, Hanevold et al. demonstrated
1/32 ° T e that healthy, normotensive black adolescents had an approxi-

1'5 2'5 4'0 6'0 9'0 mate 10% higher albumin excretion rate compared with nor-

iohexol GFR, ml/min/1.73mft (log scale)

Figure 1. Urine Protein:Creatinine ratios (Up/c) by iohexol-
measured GFR (iGFR) for 328 nonglomerular CKD children
and 91 glomerular CKD children, respectively. Nonparametric
smoothing splines for the Up/c versus iGFR relationship for
each of the CKD diagnosis groups are represented by the small
dashed lines. Linear regression models for the nonglomerular
and glomerular CKD patients are represented by the solid and
large dashed straight lines, respectively. Both the smoothing
splines and linear regression lines are drawn from the 5 to the
95" percentile iGFR values.

Furthermore, we identified that non-Caucasian race was an
independent determinant of proteinuria. This study indicates
that racial/ethnic differences are associated with proteinuria
with non-Caucasian patients having a higher level of protein-
uria regardless of other factors, as noted above. Thus, the
differences in proteinuria by racial/ethnic differences might be
related to genetic or environmental factors. This finding in the
pediatric CKD population might provide insight for general
observations regarding the disproportionate burden of kidney
disease in the non-Caucasian populations. Data from the
United States Renal Data System show that the 2005 incidence
rate for end-stage renal disease in Caucasians was 268 per

Table 2. Patient characteristics and change in proteinuria®

motensive white adolescents (25). Thus far, the Family Investi-
gation of Nephropathy and Diabetes (FIND) study offers
compelling data to support the hypotheses that albuminuria
and proteinuria might be influenced by genetic determinants.
Preliminary data from the FIND study suggests linkage with
albumin-to-creatinine ratios observed on chromosomes 2q14.1
in American Indian families, 7q21.1 in European-American
families, and 15q26.3 in African-American families (26). Similar
results were obtained in the evaluation of protein to creatinine
ratios for 2p and 7q (26).

The analysis of the proteinuria and RAS antagonist intake
demonstrated differences in Up/c associated with the reported
use of these medications, depending upon the level of protein-
uria. Subjects with glomerular causes of CKD had higher levels
of proteinuria. In this group of subjects, we demonstrated dif-
ferences in level of Up/c with patients reporting RAS antago-
nist use having lower levels of proteinuria compared with
patients not using these medications. These findings are con-
sistent with other reports documenting the anti-proteinuric
efficacy of these agents in the pediatric CKD population
(5,27,28,29). Subjects with nonglomerular disease had signifi-
cantly lower levels of Up/c compared with subjects with glo-
merular causes of CKD. Although there were no statistically
significant differences in Up/c’s among subjects with nonglo-

Percent difference in Up/c

Unadjusted, n = 419

Adjustedb, n = 402

Estimate [95% CI] P value Estimate [95% CI] P value
iGFR, per 10% Decrease 14%[10%, 18%]  <0.01  17%[13%,21%]  <0.01
Age, per 2-yr Increase 8% [1%, 14%] 0.01 6% [0%, 12%] 0.07
Male versus female Sex —2% [—24%, 27%] 0.88 12% [—12%, 41%] 0.36
Non-Caucasian versus Caucasian race * 39% [6%, 81%] 0.02 40% [9%, 80%] 0.01
BMI SDS, z-score, per 1 unit increase® 3% [—8%, 15%] 0.60 3% [—6%, 14%] 0.52
Glomerular versus non-glomerular CKD diagnosis  140% [79%, 221%] <0.01 134% [73%, 219%] <0.01
ACE and/or ARB use 8% [—16%, 38%] 057  —16% [—34%, 7%] 0.16

SDS, standard deviation score.

“Linear regression of log Up/c as a continuous variable.
bControlling for iGFR, age, gender, race, BMI percentile, cause of CKD, and ACEI or ARB use.

“Missing data: race, n = 1; BMI SDS, n =

16.
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Table 3. Proteinuria by CKD diagnosis and ACEI/ARB use

CKD diagnosis ~ ACEI/ARB use/% (N) Median Up/c

Level of proteinuria

Normal (n = 101) Significant (n = 258) Nephrotic (n = 60)

Glomerular
n =91 No/20% (18) 3.78 11% (2) 22% (4) 67% (12)
Yes/80% (73) 0.93 14% (10) 63% (46) 23% (17)
Non-Glomerular
n = 328 No/53% (173) 0.45 28% (48) 64% (110) 9% (15)
Yes/47% (155) 0.42 26% (41) 63% (98) 10% (16)
Table 4. ACE or ARB Use and Difference in Proteinuria by CKD Diagnosis®
Percent difference in Up/c
ACE or ARB yes versus no Unadjusted [95% CI] Exp"B P value® Adjusted® [95% CI] Exp’B P value®
n = 419 n = 419
Glomerular Dx —63% [—81%, —30%] 0.37 <0.01 —54% [—=75%, —15%] 0.46 0.04
Non-Glomerular Dx 2% [—22%, 33%] 1.02 —9% [—29%, 18%] 0.91
Interaction 0.36 0.51

“Linear regression of log Up/c as a continuous variable.
P Adjusted for iGFR.

P value for the interaction of ACE/ARB and CKD diagnosis.

merular causes of CKD whether or not ACEI/ ARB medications
were used, there is insufficient data to conclude that there is no
benefit of using such agents among patients with nonglomeru-
lar disease. Recently, Ardissino et al. reported that there was no
clear evidence of ACEI efficacy on the progression of CKD in
children with hypodysplastic nephropathy (30). In their cohort
study comparing 41 patients on ACEI therapy and control
patients who were not on ACEI therapy, both groups had stable
kidney function, with the average decline of —0.31 ml/min/
1.73m?/yr with ACEI therapy and —0.33 ml/min/1.73m? with-
out ACEI therapy. Their study had significant limitations since
it was based on registry data and had insufficient time to
observe the end point of interest. Given the slow rates of progres-
sion in this particular population of CKD patients, longer obser-
vation times may be necessary to determine the factors associated
with progression in patients with nonglomerular causes of
CKD. Patients with hypodysplastic kidneys and other nonglo-
merular causes of CKD may have to be followed through
puberty, during which time subjects with childhood onset CKD
tend to have a more rapid decline in kidney function (31).
The main limitation of our study is its cross-sectional design,
which prevents the definition of temporal and causal relation-
ships between Up/c and iGFR as well as the other associated
factors with Up/c. When the prospective longitudinal data on
renal progression become available from the continued fol-
low-up of the CKiD patient cohort, we will able to determine
how race, medication use, and cause of CKD affect Up/c, as
well as determine their collective effects on the change in iGFR.
Given the observational nature of this study, there may be
unmeasured factors that could introduce bias into the analysis.

Observational studies pertaining to the effectiveness or side
effects of particular drugs or clinical therapies will be affected
by a systematic bias termed “confounding by indication” (7,32-
34). This bias is likely to be present in the analysis of ACEI/
ARB utilization and level of proteinuria. Methods to account
for confounding by indication include: stratification of the
study population, individual matching of exposed and nonex-
posed into main prognostic strata, statistical control of con-
founding factors in multivariable regression models, or sub-
classification of patients on levels of propensity score (32,35).
For the analysis presented in Table 4, we attempted to account
for this bias by stratifying the analysis based on cause of CKD
and adjusting for iGFR in the multivariable model. However,
we acknowledge the possibility of residual bias, especially
those with nonglomerular causes of CKD where RAS antago-
nist use may not be seen as indicated.

Despite these limitations, this study draws tremendous
strength from the prospective standardized measurements, the
centralized laboratory studies, and the large number of partic-
ipants across multiple pediatric nephrology centers across
North America (11). The standardized measurement of GFR in
all participants is a key strength of this study. Previously, large
pediatric CKD studies (5,6,31,34) have relied on estimating GFR
by the Schwartz formula to evaluate renal progression. Al-
though convenient and practical, the Schwartz formula is im-
precise and overestimates the inulin clearance particularly at
lower levels of GFR (18).

In summary, data from the CKiD study demonstrate that the
level of kidney impairment, race, cause of CKD, and reported
use of a RAS antagonist are associated with proteinuria (Up/c).
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Furthermore, the significant differences in levels of proteinuria
between glomerular and nonglomerular causes of CKD indi-
cate potential differences in the natural histories and response
to therapies to slow or reverse of CKD progression. The longi-
tudinal assessment of the cohort will be able to provide further
insights regarding the causal pathways for the factors associ-
ated with proteinuria and CKD progression. The study design
of CKiD and the large number of subjects being studied has
created an opportunity to further define risk factors for CKD
progression and to test potentially therapeutic interventions in
the years to come.
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