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Summary: Idiopathic hypercalciuria (IH) is defined as hypercalciuria that persists after correction of dietary inbalances
and has no detectable cause. The excretion of urinary N-acetyl-beta-D-glucosaminidase (U-NAG), a marker of proximal tu-
bular damage, has been previously reported as either increased or normal in children with IH. We evaluated U-NAG in 20
children (13 boys and 7 girls, mean age 10.3 years = 5.7 SD) with IH (urinary calcium excretion above 0.1 mmol/kg/24
hours, with no detectable cause) and with otherwise normal renal function tests. Ultrasound examination revealed uro-
lithiasis (n = 4) and nephrocalcinosis (n = 1). The U-NAG values were evaluated in the spot urine collected from the se-
cond morning void and calculated as the urinary NAG/creatinine ratio (U-NAG/Cr) and expressed in nkat/mmol. The
24-hour urinary calcium excretion (U-Ca/24h) was assessed in a urinary sample from 24-hour collected urine and calcu-
lated in mmol/kg. The obtained results of U-Ca/24h and U-NAG/Cr were expressed as Z-scores. When compared to the
reference data, the U-Ca/24h and U-NAG/Cr were significantly higher (p=0.0004 and p=0.006, respectively). There was
no correlation between the U-NAG/Cr and U-Ca/24h (r = 0.18, p = 0.20). The U-NAG/Cr values were significantly higher
in the 5 patients with urolithiasis/nephrocalcinosis, whether compared to the rest of the group (p=0.02), or to the refe-
rence data (p=0.01). The U-NAG/Cr activity was higher in 15 children without urolithiasis/nephrocalcinosis when com-
pared to reference data (p < 0.01). There was no difference in U-Ca/24h between the children with and without
urolithiasis/nephrocalcinosis (p = 0.58). These findings suggest that tubular impairment, as reflected by U-NAG/Cr, might
occur in children with IH, especially in patients with urolithiasis/nephrocalcinosis. There doesn’t seem to be a direct rela-
tionship between the U-NAG/Cr activity and the degree of calcium leakage.
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ed for relationship between calciuria and U-NAG in child-
ren with IH.
Idiopathic hypercalciuria (IH) is defined as hypercal-

Introduction

ciuria in the presence of normocalcemia, that persists after
correction of dietary inbalances with no detectable cause,
and whose clinical manifestation varies with age (3). Renal
tubular dysfunction seems as less likely the primary cause
of IH (3,6,9). However, renal tubular impairment can be
encountered in patients with urolithiasis or nephrocalcino-
sis, as cell-crystal interactions may lead to tubular damage
and/or dysfunction (1,6,10). In children with IH there is an
age-dependent risk of formation of microcalculi or stones,
and development of osteoporosis (4,5,8). The excretion of
urinary N-acetyl-beta-D-glucosaminidase (U-NAG), a marker
of proximal tubular damage, has been reported as either in-
creased (8-10), or normal (1), in children with IH. Recently,
U-NAG was reported as significantly higher in children
with urolithiasis and nephrocalcinosis, but not in children
with isolated IH alone, and did not correlate with the uri-
nary excretion of oxalate or calcium (6). Therefore, we look-
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Patients, Materials, Methods

Patients

We enrolled 20 children (13 boys and 7 girls, mean age
10.3 years = 5.7 SD) with IH (urinary calcium excretion
above 0.1 mmol/kg/24 hours, with no detectable cause) and
with otherwise normal renal function tests and normal va-
lues of serum calcium, phosphate, alkaline phosphatase and
parathyroid hormone. These children were referred because
of hematuria and abdominal pain. Ultrasound examination
revealed urolithiasis (n = 4) and nephrocalcinosis (n = 1).

Materials and Methods
For the evaluation of U-NAG and calciuria, the urine
was collected on the same day. The 24-hour urinary calcium
excretion (U-Ca/24h) was assessed in a urinary sample from
24-hour collected urine by means of photometry and calcu-
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U-Ca/24h p=0.0004 U-NAG/Cr p=0.006

Fig. 1: 24-hour urinary calcium excretion (U-Ca/24h) and
urinary N-acetyl-beta-D-glucosaminidase activity/creatinine
(U-NAG/Cr) in 20 children with idiopathic hypercalciuria
(expressed as Z-scores £ SD, compared to reference data).
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U-Ca/24h p=0.002 U-Ca/24h N/L/C p=0.005
Fig. 2: The U-Ca/24h values in children without urolithia-
sis/nephrocalcinosis (n = 15) and with urolithiasis/nephro-
calcinosis (N/L/C) (n = 5) (expressed as Z-scores + SD,
compared to reference data). There was no diference in
U-Ca/24h between the children with and without urolithia-
sis/nephrocalcinosis (p = 0.58).
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U-NAG/Cr p=0.01 U-NAG/Cr N/L/C p=0.01

Fig. 3: The U-NAG/Cr values in patients without urolithia-
sis/nephrocalcinosis (n = 15) and with urolithiasis/nephro-
calcinosis (N/L/C) (n = 5) (expressed as Z-scores = SD,
compared to reference data). The U-NAG/Cr values were
significantly higher in the 5 patients with urolithiasis/ne-
phrocalcinosis when compared to patients without urolithi-
asis/nephrocalcinosis (p = 0.02).
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lated in mmol/kg. The catalytic activity of NAG was mea-
sured by fluorimetric assay in spot urine collected from the
second morning void. The influence of endogenous enzy-
me inhibitors was eliminated by diluting the urine speci-
mens 20-fold. The urinary creatinine concentration was
estimated by Jaffe’s kinetic method on Modular Analyser
(Roche Diagnostics GmbH, Sandhofer Strasse 116, Mann-
heim, Germany). The U-NAG values were calculated as the
urinary NAG/creatinine ratio (U-NAG/Cr) and expressed
in nkat/mmol. To eliminate the influence of age, the ob-
tained results of U-Ca/24h and U-NAG/Cr were calculated
as Z-scores by the equation SDS = (actual individual value
- mean value for age) /standard deviation (SD) for age. The
reference values for U-NAG/Cr and U-Ca/24h were repre-
sented by the previously published data of healthy
European paediatric populations (2,7).

Statistical Evaluation
The statistical evaluation was performed by t-test, ANO-
VA and linear regression analysis. For all results, p < 0.05
was required for statistical significance.

Results

U-Ca/24h

When compared to the reference data, the U-Ca/24h
was significantly higher (Fig. 1). The U-Ca/24h was signifi-
cantly higher in comparison to the reference data either in
patients without urolithiasis/nephrocalcinosis (n=15) or with
urolithiasis/nephrocalcinosis (n=5) (Fig. 2). However, there
was no difference in U-Ca/24h between the children with-
out urolithiasis/nephrocalcinosis and with urolithiasis/
nephrocalcinosis (Fig. 2).

U-NAG/Cr

In comparison to the reference data, the U-NAG/Cr
was significantly higher (Fig. 1). In 7 patients (35 %), the
U-NAG/Cr values exceeded the 95th percentile of the age-
related reference range. Furthermore, regarding children
with urolithiasis/nephrocalcinosis (n=5), 3 patients had the
U-NAG/Cr values above the 95th percentile. The U-NAG/
Cr values were significantly higher in the 5 patients with
urolithiasis/nephrocalcinosis, whether compared to the rest
of the group or to the reference data. The U-NAG/Cr acti-
vity was still higher in 15 children without urolithiasis/
nephrocalcinosis when compared to reference data (Fig. 3).

Relationship between U-Ca/24h and U-NAG/Cr
There was no correlation between the U-NAG/Cr and
U-Ca/24h (r = 0.18, p = 0.20).

Discussion

Our findings suggest that tubular impairment, as re-
flected by U-NAG/Cr, might occur in children with IH,
especially in patients with urolithiasis/nephrocalcinosis.
The absence of correlation between U-NAG/Cr and U-Ca/



24h also suggests that renal tubular impairment really seems
to be less likely the primary cause of IH (3,6,8,9). Howeyver,
in contrast to the findings of Sikora et al (6), we found in-
creased U-NAG/Cr even in patients with IH and without
urolithiasis/nephrocalcinosis. Therefore, increased urinary
concentration of calcium might lead to damage of tubular
cells, even in the absence of lithiasis. Furthermore, the find-
ings of higher U-NAG/Cr in patients with urolithiasis/ne-
phrocalcinosis in comparison to the values in children with
IH but without urolithiasis/nephrocalcinosis further sup-
port the hypothesis that cell-crystal interactions lead to tu-
bular impairment. In conclusion, children with IH have
some degree of secondary renal tubular impairment. The
tubular impairment is most probably aggravated by the in-
creased urinary concentration of calcium, and, in particular,
by the cell-crystal interactions. However, there doesn’t seem
to be a direct relationship between this tubular impairment
and the degree of calcium leakage.
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