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Background & Aim: Hypercalciuria is commonly observed in accompany with some conditions.
Hypercalciuria can clinically present different symptoms and signs. The diagnostic methods for
hypercalciuria have not yet been standardized. The presented study was accomplished with the aim
to assess whether random urinary calcium/creatinine ratio (UCa/Cr) could be used as a screening
tool for hypercalciuria among children with persistent asymptomatic hematuria.
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Methods & Materials: This cross-sectional study included 100 children with primary hematuria for
whom both random and 24-hour urinary evaluations were performed. Pearson correlation coefficient
(PCC) was used to assess the correlations.
Results: There was a moderate correlation between random UCa/Cr and 24-hour urinary calcium
excretion (UCaE) (r = 0.511, P < 0.001). Body mass index (BMI) and 24-hour UCaE affected
random UCa/Cr (r2 = 0.385, P < 0.001).
Conclusion: 24-hour urinary analysis is preferred to random UCa/Cr. Random UCa/Cr is not
appropriate for screening hypercalciuria among children with persistent asymptomatic hematuria.

Introduction1
Hypercalciuria indicates heavy loss of
calcium in urine. The incidence of
hypercalciuria varies in different countries,
however, the methods used to diagnose
hypercalciuria have not been standardized (1).
Among children, hypercalciuria is diagnosed
by a 24-hour urinary calcium excretion (UCaE)
as > 4 mg/kg/24 hours (0.1 mmol/kg/day) or
> 0.2 mg/dl (0.6 mmol/l), > 0.8 (mg/dl)
(2.3 mmol/mmol), > 0.6 (mg/dl) (1.7 mmol/l),
and > 0.5 mg/dl (1.4 mmol/l) for the age of > 2
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years, age of 0-6 months, 6-12 months, and
1-2 years, respectively. A fasting random
calcium/creatinine ratio on the second morning
voided urine sample correlates best with a
24-hour urine calcium measurement (2-4).
Although the measurement of UCaE using a
24-hour urinary analysis is essential for the
diagnosis of hypercalciuria, the procedure is
often difficult to apply for young children. Thus,
random urinary
calcium/creatinine ratio
(UCa/Cr) has been used to overcome such
difficulties. However, the replacement of
24-hour UCaE with UCa/Cr is controversial.
Some reports have found strong correlations (5),
however the other studies have not reported
convincing evidence (6).
Hypercalciuria is commonly observed in
accompany with the conditions resulting in
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hypercalcemia or may be associated with dent
disease, hypophosphatemic rickets, Cushing's
syndrome corticosteroid therapy, tubular
dysfunction secondary to Fanconi syndrome,
Williams syndrome, distal renal tubular acidosis
(dRTA), or Bartter syndrome (7-10). Idiopathic
hypercalciuria, which may be inherited as an
autosomal dominant disorder, is commonly
observed (10-12). Hypercalciuria can cause
recurrent abdominal pain, flank pain, dysuria,
urgency, nocturnal enuresis, recurrent gross
hematuria, persistent microscopic hematuria,
painful urination, lower abdominal pain, and
reduction in bone mineral density (BMD)
(13-18). Although microcrystal formation with
consequent tissue irritation causes hematuria or
dysuria with unknown mechanism (1-2).
Macroscopic hematuria is visible but
microscopic hematuria is confirmed by detecting
at least 5 erythrocytes per liter of urine per highpower field (1-3).
Persistent asymptomatic microscopic hematuria
(AMH) is a commonly presented symptom of
renal disorders among children, with an incidence
rate of 1% to 2% (19). Although there are many
causes of AMH, the vast majority of cases are
benign (1). Isolated AMH diagnosed among
children is defined as hematuria without
hypertension, proteinuria, or renal insufficiency
after ruling out of all other possible causes and
lack of problem in physical examination (17).
Hypercalciuria has been associated with an
increased risk of nephrolithiasis, development of
low BMD and also an increased incidence of
urinary tract infections (UTI) (9). Idiopathic
hypercalciuria has been identified as a risk factor
among 20-40 percent of children with kidney
stones (2, 4). Most previous studies on the
correlation between UCa/Cr and 24-hour UCaE
have involved healthy children (20, 21). The aim
in this study was to assess whether random
UCa/Cr could be used as a screening tool for
hypercalciuria among children with persistent
asymptomatic hematuria.

Methods
The study was conducted in Nephrology
Clinic of Qom University of Medical Sciences,

Iran. A cross-sectional analysis of the reports of
all consecutive patients with hematuria was
performed on children between 2-10 years of age
who were referred to the center for evaluation of
hypercaciuria from May 2016 to May 2017.
Patients with hematuria were enrolled in the
study. Hematuria was defined as visible bloody
urine and urine sediment showing more than
5 red blood cells (RBCs) per high-power field.
The study design and objectives were explained
to the parents of children and written informed
consent was obtained from them. Random
morning urine samples were obtained from all
the patients for measurement of UCa/Cr
(mg/mg) levels calculated as random UCaE
(mg/dl) divided by random urinary creatinine
excretion (mg/dl). 24-hour UCaE (mg/kg/day)
was calculated as the 24-hour UCaE divided by
body weight. Idiopathic hypercalciuria was
defined as 24-hour urine calcium more than
4mg/kg or Ca/Cr level more than 0.2. In
addition, the information for different urinary
symptoms was recorded.
Exclusion criteria included: lack of
congenital anomaly in kidney and ureter,
receiving any drugs, decreased renal function,
diagnosis of any glomerular disease, diagnosis
of nephrocalcinosis or nephrolithiasis, or
diagnosis of UTI.
Patients were given a urine collection cup or
bag, a urine container, and written instructions
for random or 24-hour urine sample collection.
Fasting random urine volume was 10 ml; the
first morning urine was discarded in 24-hour
urine sample collection on the first day, and each
void of that day was continuously collected.
Urinary calcium concentration was measured
by an automated chemistry analyzer using the
o-cresolphthalein complex one method with the
Calcium C-test (Otto analyzer, Hitachi 917,
Japan). For evaluation of urinary creatinine, the
solution was diluted with an appropriate volume
of distilled water. Urinary creatinine was
analyzed by the same chemical analyzer using
the standard Jaffe kinetic reaction with picric
acid (Otto analyzer, Hitachi 917, Japan).
Pearson correlation coefficient (PCC)
analysis was used to assess the correlation
between random and 24-hour urinary samples.
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Table 1. Clinical characteristics and laboratory variables of the patients (n = 100)
Mean ± 2 SD
Median (range)
Age (year)
4.80 ± 6.60
61.62 ± 41.08 months (2-10)
Sex (boy: girl)
66
34
Hematuria (gross: microscopic)
14
86
Body weight (kg)
15.40 ± 28.50
13.20 (9.00-38.00)
BMI (kg/m2)
8.30 ± 7.10
7.60 (1.49 -38.97)
Urinary calcium (mg/dl)
8.04 ± 16.14
5.44 (3.20-8.80)
Urinary creatinine (mg/dl)
101.14 ± 130.70
70.06 (7.60-391.60)
UCa/Cr (mg/dl)
0.10 ± 0.09
0.06 (0.01-1.07)
24-hour UCaE (mg/kg/day)
2.58 ± 2.18
1.99 (0.09-13.56)
Serum calcium (mg/dl)
9.20 ±0.80
9.20 (7.90-10.40)
BMI: Body mass index

A multiple linear regression model was used
to investigate correlations among factors,
including age, body height, body weight, body
mass index (BMI), 24-hour UCaE, and UCa/Cr.
All statistical analyses were performed with
SPSS software (version 20, IBM Corporation,
Armonk, NY, USA). P values less than 0.050
were assumed to be significant.

Results
This study was performed on 100 children
with persistent asymptomatic hematuria aged
between 2-10 years with average age of
61.62 ± 41.08 months. The patients included
respectively 66 (66%) boys and 34 (34%) girls.
The patients’ age, body weight, and results of
the urinary evaluations are shown in table 1. The
age, weight, and BMI of the children ranged
from 2 to 10 years, 9 to 38 kg, and 1.49 to
38.97 kg/m2, respectively. The mean 24-hour
UCaE and UCa/Cr were 2.58 ± 2.18 mg/kg/day,
and 0.10 ± 0.09 mg/mg, respectively. In
addition, the mean UCa/Cr values according to
each age group are shown in table 1.
PCC analysis was performed to assess the
correlation between UCa/Cr and 24-hour UCaE.
A positive linear correlation was found that was
statistically significant (P < 0.001). The PCC (r)
for UCa/Cr and 24-hour UCaE was 0.511,
showing a moderate correlation, so there were
moderate correlations between UCa/Cr and
24-hour UCaE. The common value of ≥ 0.20
mg/mg was used UCa/Cr for screening
hypercalciuria. BMI and 24-hour UCaE affected
random UCa/Cr (r2 = 0.385, P < 0.001).
A total of 100 patients were enrolled in this
study. Among the patients, 86 (86%) and 14
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(14%) had microscopic hematuria and gross
hematuria, respectively.

Discussion
Hypercalciuria can cause some clinical
manifestation, however hematuria is one of the
most common symptoms among children caused
by hypercalciuria (14-19). UCaE varies with age
and has the highest values among young
children (21-24). Additional factors, including
variations in dietary calcium intake, geography,
race, water source, exposure to sunlight, and
even season, have been proposed to influence
urinary calcium concentration (22-25).
In the present study, the incidence rates of
urine metabolic abnormalities among the healthy
school children were 23% and 100% for
hypercalciuria and hypocitraturia, respectively.
Similar to other studies in Iran, this study
showed that the incidence of hypercalciuria was
significantly higher than other countries (4).
UCaE is best measured with a 24-hour
collection. As such collection methods are
difficult to obtain among children, UCa/Cr has
been often used as an alternative measurement.
However, the correlation between UCa/Cr and
24-hour UCaE is controversial.
Reusz et al. reported a close linear correlation
between UCa/Cr ratio and UCa/Cr ratio
determined based on 24-hour urine specimen
(22), however Alconcher et al. found a weak
correlation between fasting UCa/Cr ratio and 24hour UCa level (23). Several studies have
reported significant age-related variations in
UCa/Cr (22-25).
Recent studies on the correlation between
UCa/Cr and 24-hour UCaE have been concerned
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with health status among children. In this study,
the rate of hypercalciuria was assessed among
children with hematuria between 2-10 years, so
the researchers referred to nephrology office and
the correlation between UCa/Cr and 24-hour
UCaE urine level, as they speculated that
random UCa/Cr could be used as a screening
tool for hypercalciuria.
In a study by Biyikli et al., idiopathic
hypercalciuria was reported among about 43%
of children over 5 years old, with recurrent UTIs
(26). Stojanovic et al. found an age-related
decrease in UCa/Cr among children < 6 years of
age, but they did not specify the age at which
UCa/Cr values became stable (27).
The present study had several limitations.
The major limitation was the lack of a group of
normal children for comparison. The incidence
of hypercalciuria among children with hematuria
in this study was unknown, which means the
accurate judgment about the incidence of
hypercalciuria
in
Iran
needs
more
comprehensive and multicenter studies.

Conclusion
Based on this study, random UCa/Cr is not a
good alternative method for 24-hour urinary
analysis. Random UCa/Cr is not appropriate for
screening hypercalciuria among children with
persistent asymptomatic hematuria. If clinicians
want to use random UCa/Cr as a screening test for
patients with hematuria to take early intervention,
it is needed to conduct more researches.
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