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Abstract Little is known about the role of proteinuria in
the progression of childhood renal diseases. We analyzed
the decline in creatinine clearance (CCr) and kidney
survival in 225 children (185 males) with chronic renal
failure (CRF) due to isolated hypodysplasia or hypodys-
plasia associated with urological abnormalities. The data
were based on the information available in the Italian
Pediatric Registry of CRF (ItalKid Project), which
includes patients from all of Italy aged <20 years with
CCr levels of <75 ml/min per 1.73 m2. Patients aged
<2 years and those with CCr levels of <20 ml/min per
1.73 m2 or a follow-up of <1 year were excluded from the
analysis, as were those receiving angiotensin-converting
enzyme inhibitors. At baseline, the patients had a mean
age of 7.8€4.2 years, a mean CCr of 50€16.3 ml/min per
1.73 m2, a median urinary protein/urinary creatinine (uPr/
uCr) ratio of 0.38 (range 0.02–7.21), and a mean duration
of follow-up of 3.5€1.1 years. The patients were divided
into three groups on the basis of their baseline proteinuria
levels: group A normal (uPr/uCr <0.2) n=83; group B low
(uPr/uCr 0.2–0.9) n=71; and group C mild (uPr/uCr >0.9)
n=71. Patients in groups A and B showed a significantly
slower decline in CCr than those in group C (slope
+0.16€3.64 and �0.54€3.67 vs. �3.61€5.47, P<0.0001)
and a higher rate of kidney survival after 5 years (96.7%
and 94.1% vs. 44.9%, P<0.01). By multivariate analysis,
the baseline uPr/uCr ratio (P<0.01) and age (P<0.0001)
correlated with a faster decline in CCr irrespective of
baseline CCr. There was no correlation with mean arterial
blood pressure. We conclude that proteinuria is an
independent predictor of progression to end-stage renal
failure also in children whose renal impairment is due to
congenital hypodysplasia.

Keywords Hypodysplasia · Proteinuria · Progression ·
Chronic renal failure

Introduction

Renal diseases in both children and adults progress to
end-stage renal failure (ESRF) despite the removal of the
initial cause of renal injury [1, 2]. Their progressive
nature and the loss of filtration function have been related
to focal nephron loss with subsequent hypertrophy, and
hyperfiltration in the remaining glomeruli. These com-
pensatory adaptations are almost invariably associated
with the development of glomerulosclerosis [1, 3, 4] and
glomerular capillary hypertension, leading to an increase
in the transglomerular filtration of plasma proteins [5]. A
number of animal and human studies have shown that the
proteins filtered by the glomerulus are responsible for
further tubulo-interstitial injury that leads to parenchymal
damage, renal scarring and, ultimately, functional impair-
ment [6, 7, 8].

In adult patients with diabetic or non-diabetic
nephropathies, the rate of urinary protein excretion
correlates with the rate of decline in the glomerular
filtration rate (GFR) and progression to ESRF [9, 10, 11,

12, 13, 14, 15]. On the basis of these findings, it has
recently been proposed that antiproteinuric treatment with
angiotensin-converting enzyme inhibitors (ACEi) may
reduce the progression of renal disease [16].

The primary causes of chronic renal failure (CRF) in
children are very different from those in adults, and there
is little information concerning the role of proteinuria in
declining renal function [17].

Reproducing the methodology used by Ruggenenti et
al. [18] in a previous study of adults, the aim of this study
was to investigate the role of urinary protein excretion in
predicting the decline in renal function in a large cohort of
children with CRF due to hypodysplasia with or without
urinary malformations.

Patients and methods

The study was based on the data available in the Italian Pediatric
Registry of CRF (ItalKid), which includes all of the patients in Italy
diagnosed as having pre-dialysis CRF {creatinine clearance (CCr) of
<75 ml/min per 1.73 m2 according to Schwartz [19]} before the age
of 20 years.

Registration was started in 1990, when all of the Italian centers
potentially involved in caring for children and adolescents with
renal diseases (pediatric nephrology, pediatrics, pediatric urology,
pediatric surgery, and adult nephrology units) were invited to report
index cases on an annual basis. The general methodology of the
ItalKid Project (its organizational structure, reporting procedures,
and data quality control) is described in detail elsewhere [20]. As of
1 January 2001, 1,197 children attending 112 centers had been
registered.

For the purposes of this study, we selected 732 patients with
CRF due to hypodysplasia with or without urological abnormalities.
The exclusion criteria were: (1) baseline CCr of �20 ml/min per
1.73 m2 (n=80); (2) treatment with ACEi (n=131); (3) a follow-up
of �1 year (n=88); and (4) unreported baseline urinary protein
excretion (n=161). All of the observations in patients aged younger
than 2 years were also excluded because of the increased GFR
commonly found in very young patients with congenital renal
diseases due to compensatory hypertrophy (particularly hypodys-
plasia), and the difficulty in identifying the most appropriate “k”
value to apply to the Schwartz formula during the first 2 years of
life. The final analysis was therefore based on 225 subjects (185
males). The primary renal diseases responsible for CRF were
hypodysplasia with associated urological abnormalities (n=171)
[vesicouretheral reflux (n=104), posterior urethral valves (n=45),
other urinary abnormalities (n=22)], and isolated hypodysplasia
(n=54).

The considered clinical variables were age, gender, and systolic,
diastolic, and mean blood pressure. Blood pressure was analyzed as
an age- and gender-specific standard deviation score (SDS) using
the reference values of the Task Force on Blood Pressure Control in
Children—1987 [21]. The biochemical parameters were CCr and the
urinary protein/urinary creatinine ratio [uPr (mg/dl)/uCr (mg/dl)].
The primary outcome measure was the rate of progression of CRF,
calculated as the CCr slope throughout the follow-up period.

The patients were divided into three groups on the basis of their
baseline proteinuria levels: group A (normal urinary protein
excretion uPr/uCr <0.2, upper normal limit [22]), group B (low
proteinuria uPr/uCr 0.2–0.9), and group C (mild proteinuria uPr/
uCr >0.9). A uPr/uCr of 0.9 (the cut-off point between groups B
and C) was identified as the median abnormal uPr/uCr. The start of
renal replacement therapy was used as the end-point for the survival
curves.
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Data quality control

An annual follow-up form requesting updated clinical and
biochemical data was issued by the National Coordinating Center
for each registered patient, identified by name, date of birth,
gender, and diagnosis. This allowed the reporting center to check
for any previous incorrect reporting, thus increasing the accuracy of
the stored data and enhancing the likelihood that the follow-up data
would be reported. A fixed series of internal validity checks was
made at the end of each year, and all inconsistencies were discussed
with the reporting center.

A quality control survey involving a sample of 20% of the
participating laboratories (covering more than 80% of the registered
patients) was carried out in order to assure the reliability of the
definition of CRF and the decline in renal function based on locally
determined serum creatinine (sCr) levels. Three human serum
samples taken from pools of sera in the normal, high, and very high
sCr range were sent to the selected laboratories. At sCr levels of 76,
172, and 304 mmol/l, the observed coefficients of variation were
respectively 13.0%, 7.6%, and 6.0%.

Statistical analysis

Unless otherwise specified, the data are expressed as mean
values€SD. The uPr/uCr ratio is expressed as median values and
ranges because it is not normally distributed. The slope of CCr over
time was calculated for each patient using all of the available CCr
determinations obtained during the follow-up. The between-group
differences at baseline were assessed by means of ANOVA. The
contingency table was analyzed using the c2 test. The survival
analysis was based on the Kaplan-Meyer method, and the between-
group differences in survival rates in the life-table analysis were
evaluated using log-rank statistics. Survival was adjusted for
baseline proteinuria and CCr levels. The univariate correlations
between the continuous baseline variables and the decline in CCr
were analyzed using Pearson’s correlation coefficient (r). The
multivariate analysis was performed using the General Linear
Model with the decline in CCr (slope) as the dependent variable, and
age, gender, the uPr/uCr ratio, systolic, diastolic, and mean arterial
blood pressure, and baseline CCr as independent variables. A P
value of <0.01 was considered statistically significant.

The patients were defined as having progressive or non-
progressive disease depending on whether the decrease in CCr was
more or less than �3 ml/min per 1.73 m2 per year, as previously
defined by Wingen et al. [17].

Results

The mean uPr/uCr ratio in the population as a whole was
0.88€1.23; only 5.3% of the patients had severe protein-
uria (uPr/uCr >3.5). Table 1 shows the baseline clinical
and laboratory parameters in the population as a whole,
and in the three groups divided on the basis of their uPr/
uCr ratio. The distributions of gender, age, blood pressure
(systolic, diastolic, and mean SDS) and the prevalence of
antihypertensive treatment were comparable in the three
groups. Baseline CCr was significantly higher in the
patients with normal (group A) and low proteinuria levels
(group B) than in those with mild proteinuria (group C).

The mean follow-up was 3.5€1.1 years, with no
significant difference between the groups. Follow-up
blood pressure was similar in the three groups: the mean
systolic and diastolic SDS were 0.24€0.76 and 0.27€0.81
in group A, 0.21€0.88 and 0.29€0.91 in group B, and
0.23€0.86 and 0.43€0.85 in group C.

The mean rate of CCr decline (CCr slope over time) in
the population as a whole was �1.25 € 4.58. As shown in
Fig. 1, the patients with normal and low urinary protein
excretion levels (groups A and B) showed a non-
significant loss of renal function, with a mean slope of
respectively +0.16€3.64 and �0.54€3.67, and a percent-
age of progressive patients of 15.7% and 19.7% (NS). The
rate of decline in renal function was significantly faster in
the subjects with mild proteinuria (group C), mean slope
�3.61€5.4 (P<0.0001 vs. groups A and B). As many as
46.5% of the patients in group C progressed during the
follow-up period (P<0.0001 vs. groups A and B, Table 2).
The primary disease (vesicoureteral reflux, posterior
urethral valves, other urinary tract abnormalities, isolated
hypodysplasia) did not account for any statistically
significant difference in the uPr/uCr ratio (median values
0.39, 0.23, 0.59, and 0.56) or C Cr slope (mean values
�0.6€4.0, �1.7€4.7, �1.5€5.8, and �2.0€5.0).

Table 1 Baseline characteris-
tics of the patients (BP blood
pressure, SDS standard devia-
tion score, uPr/uCr urinary
protein/creatinine ratio)

Overall Baseline proteinuria
Groupa

A B C

No. of patients 225 83 71 71
M/F 185/40 71/12 61/10 53/18
Follow-up (years) 3.5€1.1 3.5€1.1 3.6€1.2 3.5€1.1

Clinical parameters

Age (years) 7.8€4.2 7.5€3.9 8.3€4.6 7.5€4.3
Systolic BP (SDS) 0.22€1.08 0.22€1.02 0.24€1.17 0.21€1.07
Diastolic BP (SDS) 0.36€1.17 0.21€1.07 0.39€1.20 0.48€1.23
Mean BP (SDS) 0.32€1.04 0.23€0.94 0.34€1.09 0.39€1.10
Patients on hypotensive treatment (%) 50 (22.2) 20 (24.1) 13 (18.3) 17 (23.9)

Laboratory parameters

Creatinine clearance (ml/min per 1.73 m2) 50.8€16.3 57.7€13.7 51.1€16.2 42.5€15.7*
uPr (mg/dl)/uCr (mg/dl) median
range

0.38
0.02–7.21

0.08
0.02–0.19

0.43
0.21–0.89

1.79
0.91–7.21

* P<0.0001 vs. groups A and B
a Group A normal uPr/uCr ratio (<0.2), group B low uPr/uCr ratio (0.2–0.9), group C mild uPr/uCr ratio
(>0.9)
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Analysis of the correlations between the CCr slope and
baseline variables in the population as a whole showed
that age, CCr, and the uPr/uCr ratio were all significantly
associated with a faster decline (P<0.0001). However, the
only baseline parameters significantly predictive of a
faster decline in CCr by multivariate analysis were age
(P<0.0001) and uPr/uCr (P<0.01) (Table 3).

When the progression of renal damage was analyzed in
terms of kidney survival (Fig. 2), only the patients with

mild proteinuria (group C) showed a significantly higher
risk of ESRF (P<0.01) after 5 years of follow-up.

Discussion

It has been increasingly recognized over the last decade
that urinary protein excretion is a reliable predictor and
possible cause of a poor outcome (risk of progression to
ESRF) in both diabetic and non-diabetic adult patients
with proteinuric renal diseases, but there is little infor-
mation concerning the role of urinary protein excretion in
renal diseases peculiar to children.

The primary causes of CRF during development are
very different from those in adulthood. More than 60% of
the cases of CRF acquired during the first 20 years of life
are due to congenital hypodysplasia, with or without
urinary tract abnormalities. These patients do not have
overt proteinuria, and the role of urinary protein excretion
in the progression of renal damage has not been
extensively investigated. The results of our study provide
important clues concerning the natural course of chronic,
primarily non-proteinuric kidney diseases in children.

Our main finding is that proteinuria is a strong
predictor of progression in children with CRF due to
hypodysplasia. As the estimate of GFR by means of CCr is
insufficiently accurate, progression was studied by means
of three different indicators: (1) the CCr slope over time,
(2) the percentage of progressive patients (slope <�3), and
(3) kidney survival.

Proteinuria was measured in terms of the uPr/uCr,
which has been shown to be as reliable as 24-h urinary
protein excretion in adults [22, 23]. Furthermore, in our
study, 24-h urine collection would have two possible
sources of inaccuracy: (1) the difficulty of obtaining
precise urine collections in children and (2) the incom-
pleteness of urine output in patients with associated
vesicoureteral reflux (>40% of our study population).

The decline in CCr was faster in the patients with mild
urinary protein excretion at the beginning of the obser-
vation period than in those with a normal or low uPr/uCr
ratio (respectively 7 and 20 times faster). Furthermore,

Table 2 Distribution of progressive and non-progressive patients
by baseline urinary protein excretion

Groupa

A B C

Non-progressive (%)b 70 (84.3) 57 (80.3) 38 (53.5)
Progressive (%)b 13 (15.7) 14 (19.7) 33 (46.5)*

* P<0.0001 vs. groups A and B
a Group A normal uPr/uCr ratio (<0.2), group B low uPr/uCr ratio
(0.2–0.9), group C mild uPr/uCr ratio (>0.9)
b Progressive and non-progressive: CCr slope over time � or >�3 ml/
min per 1.73 m2 per year

Table 3 Multivariate analysis of the factors associated with
declining renal function

Baseline parameters Multivariate analysis
P

Clinical

Age <0.0001
Sex 0.0866
Systolic BP (SDS) 0.3878
Diastolic BP (SDS) 0.1113
Mean BP (SDS) 0.4617

Laboratory

Creatinine clearance (ml/min per 1.73m2) 0.1511
uPr/uCr <0.0056

Fig. 1 Mean (SE) rate of decline in creatinine clearance (slope of
CCr over time) by baseline urinary protein excretion. Group A:
normal urine protein/creatinine ratio (<0.2); group B: low urine
protein/creatinine ratio (0.2–0.9); group C: mild urine protein/
creatinine ratio (>0.9)

Fig. 2 Life-table analysis of renal survival adjusted for baseline
CCr in patients with a normal (group A), low (group B), or mild
urinary protein/creatinine ratio (group C). The end-point was end-
stage renal disease
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after 5 years of follow-up, kidney survival in the patients
with normal and low proteinuria was more than 50%
higher than in those with mild proteinuria.

It is noteworthy that, even when abnormal, the
proteinuria in our population was never severe. The
median uPr/uCr ratio in the patients defined as having
mild proteinuria (group C) was 1.79, which is far from
nephrotic levels (>3.5) [22].

It is also interesting to note that the risk of progression
did not increase linearly with the uPr/uCr ratio. Although
the patients in group B had abnormal proteinuria, their
progression patterns were similar to those of patients in
group A (normal proteinuria) in terms of the mean CCr
slope (�0.54€3.67 vs. 0.16€3.64), the proportion of
clearly progressive patients (19.7% vs. 15.7%), and 5-
year kidney survival (94.1% vs. 96.7%).

Baseline proteinuria was a strong predictor of pro-
gressive renal disease, but our data are insufficient to
establish a cause-effect relationship between proteinuria
and progression. However, previous experimental [7, 8]
and clinical [24] observations support the existence of
such a relationship. Increased glomerular filtration in-
duces the tubular reabsorption of proteins and their
accumulation in the cytoplasm of proximal tubular cells.
The toxic effect of this protein overload breaks the
basement membrane and releases the cell contents into
the interstitium, thus triggering an inflammatory reaction
and consequent tubulointerstitial and glomerular damage.

A number of studies of adults [25] and children [17]
have clearly demonstrated that poor blood pressure
control is another important risk factor for the progression
of kidney diseases, and it may seem surprising that we did
not find such a relationship. However, it is well known
[26] that patients with CRF due to hypodysplasia who
develop hypertension do so at very low GFR levels and
during the late phase of the disease. Our analysis excluded
patients with C Cr levels of <20 ml/min per 1.73 m2, and
therefore only 3.6% had a mean arterial blood pressure of
>97th percentile. Moreover, it should be noted that in the
ItalKid database blood pressure is recorded as a single
office measurement that may not accurately reflect true
blood pressure. It is becoming increasingly clear that 24-h
blood pressure recording may be necessary to describe the
individual blood pressure patterns. This better predicts the
risk of organ damage, including renal damage and its
progression to ESRF [27, 28, 29, 30, 31].

The population of the present study can be considered
fairly homogeneous because, when present, the uropathies
associated with hypodysplasia (vesicoureteral reflux,
posterior urethral valves, etc.) did not account for any
differences in either the uPr/uCr ratio or progression.

It is important to emphasize that multivariate analysis
excluded any relationship between baseline CCr and
progression, although the patients with a mild uPr/uCr
ratio (group C) had a significantly lower baseline CCr
level (Table 3).

The only baseline parameter other than proteinuria that
significantly correlated with a faster progression was age.
A previous analysis of ItalKid Project data [32] indicated

a unique pattern of CRF progression in children, charac-
terized by a faster decline in renal function during puberty
and early post puberty.

In conclusion, our results show that irrespective of
hypertension the uPr/uCr ratio can predict the risk of
progression not only in glomerular diseases, but also in a
model of primarily non-proteinuric chronic renal disease,
such as renal hypodysplasia (which is by far the leading
cause of CRF in children). This may be helpful in
establishing the so far unpredictable long-term prognosis
of these patients and identifying those who may benefit
from antiproteinuric treatment with ACEi. The results
indirectly support the strategy of treating proteinuria
regardless of the underlying primary renal disease and at
any stage of CRF.
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