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ABSTRACT

Background: Calcium is the best known ion in the skeletal muscular system of body and kidneys are the key organ
for calcium hemostasis. As collecting 24-hour urine samples is hard and time-consuming among young adults and
children, measuring non-fasting random urinary calcium/creatinine ratio can be very practical to identify
individuals with a high urinary calcium excretion. The present research aims to explore the correlation between 24-
hour urine calcium with random urinary calcium/creatinine ratio in terms of patients’ age and gender in Bandar
Abbas Hospital in 2015. Methods: The present cross-sectional research is descriptive and analytical in type. It was
conducted on 228 patients between 2 and 16 years of age staying in Bandar Abbas pediatric hospital in 2015. The
research sample was selected in a simple randomized convenient sampling method from the target population.
Calcium level was measured via Cresolphtalen Complexion Spectrophotometrics while creatinine level was
measured through Kinetic Jaffe Reaction via Hitachi autoanalytic device. Finally, UCR/CR was measured
manually. Results: In this research, 228 patients participated who were between 2 and 16 years of age, whose
calcium/creatinine ratio was measured and statistically analyzed. From among them, 127 (55.7%) were male while
101 (44.3%) were female. The highest random urinary calcium/creatinine ratio was 3.55 while the lowest ratio was
.21 (mean: .39 SD+.49). The lowest rate of urine calcium excretion was 1.88 mg/Kg/day within 24 hours while the
highest rate was 10.91 mg/Kg/day in 24 hours. Conclusion: The present research revealed that collecting 24-hour
urine samples is a gold standard in diagnosing hypercalciuria and should be used to diagnose patients with this
disease.
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1. INTRODUCTION

Calcium is the most important ion ever recognized in
human skeletal muscular system and is in fact the fifth
kation in body while kidneys are the main organ for
calcium hemostasis in body. The primary function of
calcium within body is its role in mineralizing the hard
tissue.! Urine calcium excretion is increased with such
changes as hypocalcemia, high serum phosphate and
acidosis. As the most prevalent identifiable metabolic
cause of calcemic kidney stone, hypercalciuria.”*! entails
an over-excretion of calcium through urine. If there is no
definite cause identified for this, it is considered as
idiopathic hypercalciuria.’! Hypercalciuria might be
without any symptom.®! It might lack any clinical
manifestations such as gross hematuria, stable
microscopic hematuria, suprapubic pain, proteinuria,
renal colic, enuresis, osteopenia, rickets, sterile pyuria,
urinary tract pricking or burning, abdominal pain and so
on.**% Calcium is the best known factor involved in the

formation of kidney stone. It appears that urine excretion
of the stone is correlated with age and gender. The daily
excretion of calcium follows a daily pattern which
reaches its peak in the midday. Excretion of more than 4
mg/kg within 24 hours is defined as hypercalciuria.***
Due to the fact that collecting urine samples from young
adults and children within 24 hours is challenging and
time-consuming, measuring non-fasting random urinary
calcium/creatinine ratio can be very practical to identify
individuals with a high urinary calcium excretion.**%
A body of research revealed a positive correlation
between random urinary calcium/creatinine ratio
(UCA/CR) and 24-hour urine calcium.">*%! According to
the reported results in the related literature, the random
UCAJ/CR for hypercalciuric patients was considered to
be .21. However, a body of recent research revealed that
the mean UCA/CR score varies in accordance with age
and geographic area.'”! That is why the urinary excretion
of calcium is affected by a variety of factors. Therefore,
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in this research so as to minimize the error of urinary
calcium measurement, the ratio of this factor to urine
creatinine was simultaneously estimated. Creatinine is a
substance freely excreted in a constant amount from
renal glomeruli without any reabsorption. Thus, it enjoys
a constant clearance in those with healthy kidneys.!*®!
The present research aimed to explore the correlation of
the 24-hour urine calcium with the random urinary
calcium/creatinine ratio across different genders and age
groups among patients in Bandar Abbas in 2015.

2. MATERIALS AND METHODS

The present cross-sectional research was descriptive
analytical in type and was conducted on a sample of 228
patients of 2-16 years of age staying in Bandar Abbas
pediatric hospital in 2015. The research sample was
selected in a simple randomized convenient sampling
method from the target population. The data were
collected from the test result papers within patients’
medical records. Each subject entered according to a
randomly selected number. The inclusion criteria were
the age of 2-16 years and a ratio of random urinary
calcium/creatinine above .21.

The exclusion criteria was a ratio of random urinary
calcium/creatinine below .2. Moreover, those test results
which supported the secondary causes of hypercalciuria
were excluded from the study. Once the informed
consent was obtained from the subjects’ parents and they
were ensured of the confidentiality of the information
they provided, a second urine sample was taken from
subjects in the morning so as to measure the ratio of
random urinary calcium/creatinine. The urine sample
was taken to measure the 24-hour urine calcium.
Eventually, the correlation of these two factors was
explored. In this research, the ratio of random urinary
calcium/creatinine above .21 after two years of age was
taken as hypercalciuria.®! To estimate the required
sample for this research, a sample size formula was used
and as compared to the related literature the confidence
interval was taken as 95% and sensitivity as .03. Thus,
finally the sample size was decided to be 218.
Considering the possibility of attrition, finally 228
subjects were agreed upon. Calcium level was measured
via Cresolphtalen Complexion Spectrophotometrics
while creatinine level was measured through Kinetic
Jaffe Reaction via Hitachi autoanalytic device. Finally,
UCR/CR was measured manually. The data were
statistically analyzed via SPSS ver19 and the tests used
were linear regression analysis and one-way ANOVA,
mean and confidence interval of 95%. For the parametric
tests, ANOVA and linear regression analysis, the data
were required to be normally distributed. The mean and
standard deviation of the scores were estimated in the
main data. In this research, the level of significance of
the data was set at <.05.

3. RESULTS

In this research, a total number of 228 patients entered
the gender and age groups (2-16 years). The ratio of
random urinary calcium/creatinine of these subjects was
estimated and statistically analyzed. From among this
number, 127 subjects (55.7%) were male while 101
(44.3%) were female. The oldest subject was 11 years
old while the youngest was 3. The highest ratio of
random urinary calcium/creatinine was 3.55 while the
lowest ratio was .21 (Mean: .39+.49SD). The lowest rate
of excreted urine calcium was 1.88 mg/kg a day within
24 hours while the rate of the same variable was 10.91
mg/Kg a day (Table 1).The linear correlation coefficient
of these two variables was .188 which was statistically
significant (p=.004). However, the correlation coefficient
does not point to a strong correlation. As R*=.0219, the
regression model also confirmed this issue (Figure 1).

Table 2 indicates the mean, standard deviation, minimum
and maximum scores of the ratio of random urinary
calcium/creatinine and the 24-hour urine calcium in the
two age groups. In the <7-year age group, the mean ratio
of random urinary calcium/creatinine was .46 and the
standard deviation was .31. The minimum score of the
same variable was .21 while the maximum score was 2.
In the >7-year group, the mean score of the ratio of
random urinary calcium/creatinine was .53 and the
standard deviation was .46. The minimum score of this
variable was .21 while the maximum score was 3.55. The
Mann-Whitney U-test results revealed no statistically
significant difference between the two groups in terms of
this variable (z=-.381, p=.703). The mean score of
calcium excretion through urine within 24 hours in the
<7-year age group was 5.47 mg/kg/day with a standard
deviation of 1.48. The minimum rate of calcium
excretion was 1.88 mg/kg/day while the maximum rate
was 10.91 mg/kg/day. The mean rate of calcium excreted
through urine in 24 hours in the >7-year group was 4.63
mg/kg/day with a standard deviation of 1.03. The
minimum rate of excretion was 2.34 mg/kg/day while the
maximum rate of excretion was 7.50 mg/kg/day. Mann-
Whitney U-test results revealed no statistically
significant difference between these two age groups (z=-
5.071, p<.001).

In the <7-year age group, as Pearson correlation
coefficient showed, the linear correlation between the
ratio of random urinary calcium/creatinine and the 24-
hour urine calcium was .311 which is a strong correlation
and also statistically significant (p<.001). In the >7-year
group, the Pearson correlation coefficient was estimated
as .226 which is lower than the other age group but is
still statistically significant (p=.022).

Table 3 includes the mean, standard deviation, minimum
and maximum scores of the ratio of random urinary
calcium/creatinine and the 24-hour calcium/creatinine
across two genders. Among the male, the mean ratio of
random urinary calcium/creatinine was .47 (SD=.39).
The minimum score of this ratio was .21 while the
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maximum ratio was 3.55. Among the female, the mean
ratio of random urinary calcium/creatinine was .51
(SD=.39). The minimum ratio was .21 and the maximum
ratio was 2.33. Mann-Whitney U-test revealed no
statistically significant difference between these two
groups (z=-.399, p=.690). The mean rate of 24-hour
calcium/creatinine was 5.15 mg/kg/day among the male
(SD=1.39). The minimum rate of excreted calcium in
urine was 2.34 mg/kg/day while the maximum rate was
10.91 mg/kg/day. The mean rate of excrete calcium over
24 hours among the female was 5.02 mg/kg/day
(SD=1.33). The minimum rate of excretion was 1.88
mg/kg/day while the maximum rate of excretion was
9.50 mg/kg/day. Mann-Whitney U-test showed no

statistically significant difference between the two
groups in terms of this variable (z=-.493, p=.622).

Among the female, Pearson correlation coefficient was
.108 for the linear relationship between the two target
variables, the ratio of random urinary calcium/creatinine
and the 24-hour urine calcium excretion. This value
shows a low correlation and is not statistically significant
(p=.228). Among the male, as Pearson correlation
coefficient showed, the linear correlation between the
ratio of random urinary calcium/creatinine and the 24-
hour urine calcium excretion was .416 which is a strong
correlation and is statistically significant (p<.001).

Table 1: The mean, standard deviation, minimum and maximum scores of the ratio of random urinary

calcium/creatinine within 24 hours.

Mean SD Min Max
Random urine Ca/Cr ratio .49 .39 21 3.55
24-h urine ca (mg/kg/day) 5.09 1.36 1.88 10.91

Table 2: The mean, standard deviation, minimum and maximum scores of the ratio of random urinary
calcium/creatinine and the 24-hour urine calcium in the two age groups.

Age group Mean | SD | Min | Max | Pearson correlation coefficient | P-value
the ratio of random urinary
<7 years | calcium/creatinine 46 i 2 311 <.001*
24-hour calcium/creatinine | 5.47 | 1.48 | 1.88 | 10.91
the ratio of random urinary
>7 years | calcium/creatinine 53 46 | 21 | 359 .226 .022*
24-hour calcium/creatinine | 4.63 | 1.03 | 2.34 | 7.50

Table 3: The mean, standard deviation, minimum and maximum scores of the ratio of random urinary
calcium/creatinine and the 24-hour calcium/creatinine across two genders.

Random Ca/Cr = (0.0424" Ca 24H mg/kg per day) +
E 0.2714
o R*=0.0219

Random urine (
>
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Figure 1: Regression model of the two variables, the
ratio of random urinary calcium/creatinine and the
24-hour urine calcium.

Gender mean | SD | Min | Max | Pearson correlation coefficient | P-value
The ratio of random urinary

Male calcium/creatinine 47 39 | .21 | 3.5 .108 .228
24-hour calcium/creatinine 5.15 | 1.39 | 2.34 | 10.91
The ratio of random urinary

Female | calcium/creatinine 51 39 1 .21 ) 2.30 416 <.001*
24-hour calcium/creatinine 5.02 | 1.33 | 1.88 | 9.50

4, DISCUSSION

Hypercalciuria is the most prevalent metabolic cause of
the calcemic kidney stone formation.” Hypercalciuria is
in the majority of cases without any symptom. However,
a body of recent research indicated the role
hypercalciuria plays in producing many symptoms
related to the urinary system.! The gold standard
method of diagnosing hypercalciuria is to measure urine
calcium over 24 hours.™ However, due to the difficulty
of collecting 24-hour urine samples from children for the
purpose of hypercalciuria screening, we can use the ratio
of random urinary calcium/creatinine.” Replacing the
24-hour urine calcium with the ratio of random urinary
calcium/creatinine is controversial. A number of studies
have reported strong correlations while others found no
hard evidence.["” The present findings revealed that a
ratio of random urinary calcium/creatinine above .21 in
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84.6% of cases is capable of correctly diagnosing
patients who excrete more than 4 mg of calcium for each
kg of their body mass per day through urine. However,
there is no statistically significant correlation between
the ratio of random urinary calcium/creatinine and the
24-hour calcium/creatinine.

Koyun et al. investigated 269 patients and concluded that
there was a low correlation between the non-fasting
random urinary calcium/creatinine ratio and the 24-hour
urine calcium. They also found that the mere use of the
ratio of random urinary calcium/creatinine is far from
adequate to determine hypercalciuria.’?”

In some other research, Alconcher et al. examined 220
patients. They used regression analysis as well as a
correlation coefficient and reported a low correlation
between the ratio of random urinary calcium/creatinine
and the 24-hour calcium/creatinine.

Borkenstein et al. (1997) found a statistically significant
correlation between the ratio of random urinary
calcium/creatinine and the urine calcium excretion. Their
findings showed that estimating the ratio of random
urinary calcium/creatinine is a simple reliable method of
diagnosing hypercalciuria and needs to be applied for all
children afflicted with urinary stones or inexplicable
hematuria.?!

Another study conducted by In so Choi et al. (2013) on
264 patients revealed a positive linear correlation
between the ratio of random urinary calcium/creatinine
and the 24-hour urine calcium.! No such correlation was
found in the present research and no positive linear
correlation was observed in the regression chart. On the
other hand, no correlation was found between the ratio of
random urinary calcium/creatinine and the 24-hour urine
calcium across age groups or genders.

6. CONCLUSIONS

As maintained in the body of previous literature, the 24-
hour urine sample collection is the gold standard method
of diagnosing hypercalciuria and should be used to
diagnose patients with hypercalciuria.
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