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Abstract

Background: Random urine calcium/creatinine ratio (UCa/Cr) is used practically for the screening of hypercalciuria.

Objectives: This study aimed to determine the age-specific reference value of UCa/Cr and its relationship with urinary Na/K in chil-
dren in Zahedan, South-East of Iran.

Methods: In a cross-sectional study, UCa/Cr and UNa/K ratios were measured in non-fasting morning urine samples of 1,506 ran-
domly selected primary school children.

Results: The prevalence of hypercalciuria was 3.1%, with no significant difference between males and females. Mean UCa/Cr was
0.09 £ 0.21, and the 95th percentile was 0.27 and 0.22 in seven and 12-year-old children, respectively. Mean urinary UNa/UK was
2.90+1.89, and the 95th percentile was 7.83 and 10.57 in seven and 12-year-old children, respectively. The correlation between UCa/Cr
and UNa/UK was statistically significant (r=0.128, P < 0.001). There was also a positive correlation between UCa/Cr and UNa/UK,
especially in seven-year-old children (r=0.508, P < 0.001).

Conclusions: Different reference values of UCa/Cr for seven and 12-years-old emphasize that age-specific reference values of UCa/Cr
should be established for each population to be used as a screening method for hypercalciuria.
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1. Background a cutoff value for hypercalciuria.
Physiologic hypercalciuria is related to dietary excess
Idiopathichypercalciuriaisacommondisorderinchil-  of sodium, calcium, or protein. There is a direct correlation
dren, with a range of clinical presentations such as hema-  between the UCa/Cr and UNa/K ratios in hypercalciuric pa-

turia (1), dysuria, urinary tract infection (2, 3), voiding tients.
dysfunction, flank, and abdominal pain. It is the most
metabolic factor in children with urolithiasis, presenting
in half of such abnormalities. Urine calcium excretion
is dependent on region and ethnicity (4). Therefore, the
prevalence of hypercalciuria varies in different countries.
For instance, it was reported as 0.6% in Japanese children
(5) and 38.6% in Kazakh children (6). Similar results have
presented various results in different parts of Iran, ranging
from 0.11% in Urmia and North of Iran (7) to 5.1% in Jahrom

2. Objectives

This study aimed to set the normal values of random
UCa/Cr by age, sex, and ethnicity and determine the re-
lationship between UCa/Cr and UNa/K in healthy primary
school children in Zahedan city, South-East of Iran.

(8). 3. Methods

Although a 24-h collection of urinary calcium samples
is more accurate, the random urine calcium (UCa) to cre- This cross-sectional study was performed in the city of
atinine (Cr) ratio is practically used as a tool for hypercal- ~ Zahedan, South-East of Iran, during 2010 and 2011. Non-

ciuria screening. Hypercalciuria is defined as more than4  fasting, second-morning urine samples were collected
mg/kg/d or over 0.21 urinary calcium/creatinine ratio. In from 1,506 children aged 7-12 years randomly selected from
many populations, the 95th percentile of UCa/Cr is used as primary schools.
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Boy and girl schools were listed separately based on the
geographical location, and five schools were selected sys-
tematically from each list. Next, children were randomly
selected within the schools. Parents of children were in-
vited to obtain information regarding clinical symptoms
through questionnaire interviews. Children who were on
medications and those with chronicillness and kidney dis-
ease were excluded from the study. The study was approved
by the Ethics Committee of Zahedan University of Medi-
cal Sciences. Non-fasting urine specimens were taken be-
tween 9 and 11 a.m. Random urine samples were collected
and sent immediately to the laboratory. Urine calcium
and creatinine were measured by the cresolphthalein com-
plex one spectrophotometric and Jaffe reaction, respec-
tively. Sodium and potassium were measured using an ion-
selective electrode.

Suspected hypercalciuria was defined as a UCa/Cr ratio
of higher than or equal to 0.21 mg/mg. Percentile values
of UCa/Cr and UNa/K ratios were calculated for each age
group. Quantitative variables were summarized as mean
=+ SD, and odds ratios were used to determine the associ-
ation between demographic variables and hypercalciuria.
Data analysis was performed using SPSS version 15, and the
significance level was 0.05.

4. Results

A total of 1,506 children, 683 males (47.1%) and 823 fe-
males (52.9%), aged 7-12 years were included in the study.
Of all, 583 (39.3%) were Baluch and 651 (43.9%) were Sistani.
Furthermore, 3.1% were identified to be suspected of hyper-
calciuria (UCa/Cr 0.21 mg/mg) in spot urine samples.

The mean UCa/Cr was 0.09 £ 0.21. The largest mean
value was 0.16 £ 0.43 for overweight and obese children,
and it was 0.14 £+ 0.34 and 0.13 £ 0.53 for seven and 12-
year-old children, respectively (Table 1). The trend of 25th,
50th, 75th, and 90th percentiles of UCa/Cr remained al-
most constant with age increase. However, the 95th per-
centile peaked at ages seven and 12. The 95th percentiles of
Ca/Crwere 0.27,0.16,0.16,0.20, 0.14,and 0.23 for seven to 12-
year-old children, respectively (Figure 1). There was no sig-
nificant difference between boys and girls, ethnic groups,
and age groups. However, overweight and obese children
were 3.75 times more at risk of hypercalciuria (Table 2).

The mean UNa/UK was 2.90 £ 1.89. All percentiles had a
similar flat trend by age, except for the 95th percentile with
a U-shape trend (Figure 2). The frequency of UNa/UK more
than or equal to one was significantly higher in males and
Baluch children than in females and other ethnic groups,
respectively (Table 3).

The percentile values of UCa/Crratio for each age group
are shown in Figure 1. The 95th percentile of UCa/Cr was
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Figure 1. Percentiles of Ca/Cr ratio in different age groups
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Figure 2. Percentiles of Na/K ratio in different age groups

0.27 at seven-years-old, whereas it was 0.22 in 12-year-old
children. The data showed a strong inverse relationship be-
tween UCa/Cr and age, the youngest children demonstrat-
ing the highest UCa/Cr.

There was a significant correlation between UCa/Crand
UNa/UK (r=0.128, P < 0.001). It was also significant for
males (r=0.508 P < 0.001) and females (r=0.163, P < 0.001).

Health Scope. 2020; 9(4):e62433.
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Table 1. Mean UCa/Cr and UNa/UK Ratios Based on Demographic Factors

Variable UCa/Cr Ratio UNa/UK Ratio
Mean + SD 95% CI for Mean Mean + SD 95% CI for Mean
Gender
Male 0.086 =+ 0.084 (0.080, 0.093) 3302 +1.909 (3.157,3.448)
Female 0.094 1 0.283 (0.074,0.114) 2.537 £1.794 (2.407,2.667)
BMI
<18 0.088 + 0.160 (0.077,0.098) 2.90 +1.882 (2.771,3.022)
18-25 0.091+ 0.272 (0.066, 0.115) 2.945 +1.937 (2.768,3.123)
> 25 0.162 £ 0.427 (0.024,0.301) 2.497 £1.726 (1.938,3.057)
Ethnicity
Baluch 0.085 % 0.093 (0.077,0.093) 3328 +2.033 (3.157,3.499)
Sistani 0.098 =+ 0.309 (0.074, 0.123) 2.640 £ 1.781 (2.497,2.782)
Other 0.085 % 0.071 (0.076,0.094) 2.577 £1.639 (2.362,2.793)
Age (years)
7 0.134 £ 0.337 (0.079,0.188) 3.142 4 2.487 (2.738,3.546)
8 0.076 & 0.041 (0.070, 0.082) 2.850 +1.946 (2.558,3.142)
9 0.079 £ 0.047 (0.073,0.086) 2.831 1+ 1.762 (2.587,3.074)
10 0.095 £ 0.164 (0.074, 0.117) 2704 £ 1.616 (2.488,2.921)
1 0.082 0178 (0.059, 0.106) 2.790 +1.765 (2.557,3.022)
12 0.126 = 0.529 (0.029, 0.223) 2.912 +1.850 (2.572,3.253)

This correlation decreased with age increase so that it was
not significant for ages more than nine years. The high-
est correlation (r=0.508, P < 0.001) was detected for seven-
year-old children (Table 4).

5. Discussion

Hypercalciuria is a common pediatric problem known
to be associated with many complaints. The prevalence of
hypercalciuriawasreported aslowas 0.6% in Japanese chil-
dren (5) and as high as 38.6% in Kazakh children (6). Even
in the same country (Iran), the hypercalciuria prevalence
varies with regions so that it was estimated at 3.0%, 5.7%,
13.8%, and 34.2% in Ahvaz (9), Jahrom (8), Rasht (10), and
Kashan (11), respectively. In the present study, the preva-
lence of hypercalciuria was 3.1%, which is close to that in
Ahvaz (3%) (9). Many factors including dietary habits, min-
eral composition of water, geographic location, genetic
factors, and race may explain these differences. Although
24-h urine calcium measurement is the gold standard to
diagnose hypercalciuria, urine collection is difficult, espe-
cially in young children. The urinary Ca/Cr ratio is a use-
ful and reliable method for determining hypercalciuria in
children. In some populations, 0.21 mg/mg or 95th per-
centile has been taken as a cutoff value for hypercalciuria,
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and in some others, 4 mg/kg daily urinary calcium excre-
tion is used. In this study, UCa/Cr > 0.21and the 95th per-
centile of UCa/Cr were taken as cutoff values. Mean urinary
Ca/Crwas 0.21£ 0.18 and the 95th percentile of UCa/Cr was
0.27 in seven-year-old children whereas it was 0.22 in 12-
year-old children. Thus, our results show that the reference
value of UCa/Cr ratio > 0.21 as the upper limit of normal
was below the 95th percentile. Similarly, in some studies,
the 95th percentile value of spot urine Ca/Cr for each age
group was higher than 0.21(Table 5).

Adecreasing trend of urinary calcium excretion by age
has been reported. In a study, the 95th percentile value
of UCa/Cr was 0.37 in children aged seven years and 0.21
in 13-14 years, which is similar to the results of the current
study (14). Another study determined a cutoff value of 0.7
for Kazalinsk (Kazakhstan) and the highest level was for
children aged 7-8 years (6). In Thailand (12), the 95th per-
centile of urine Ca/Cr in children younger than six months
was 0.75, with a decreasing trend by age. A possible expla-
nation of these findings could be the influence of sex hor-
mones stimulated at puberty on calcium homeostasis. In
this study, the mean and prevalence of UCa/Cr ratio were
not significantly different between male and female chil-
dren, which are in line with the reports by Nikibakhsh et
al. (16) and Kaneko et al. (6). Caucasian children had a
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Table 2. Relationship Between Demographic Factors and Hypercalciuria (Ca/Cr Ra-
tio > 0.21)

Variable Hypercalciuria
No. (%) OR 95% CI for OR
Gender
Male 18(2.7) 1.00
Female 26(3.5) 131 (0.71,2.41)
BMI
<18 26(3.0) 1.00
18-25 13(2.8) 0.94 (0.48,1.84)
> 25 4(103) 3.75 (1.24,1.31)°
Ethnicity
Baluch 13(2.4) 1.00
Sistani 21(3.4) 1.48 (0.73,2.98)
Other 10 (4.4) 1.90 (0.82,4.40)
Age
7 11(7.4) 1.46 (0.52,4.08)
8 2(11) 0.21 (0.04,1.07)
9 6(2.9) 0.54 (0.17,1.72)
10 9(4.) 0.79 (0.27,2.28)
1 6(2.6) 0.50 (0.16,1.58)
12 6(5.2) 1.00
*Significant.

higher Ca/Crratio than African-Americansin all age groups
(13). However, no significant difference was detected in eth-
nic groups in this study (Baluch and Sistani). This may be
due to similarities in dietary habits and geographic con-
ditions of the study population. In this study, hypercal-
ciuria was significantly higher in overweight and obese
children. Emamghorashi et al. (8) showed that the mean
weight was significantly lower in hypercalciuric children
than in others (P = 0.02), which may be related to nu-
tritional habits. Many studies showed an association be-
tween a high UNa/UK ratio and increased risk of urolithia-
sis(4). We also found a positive correlation between UCa/Cr
and UNa/UK, especially in seven-year-old children (r=0.5,
P < 0.001). There was no statistically significant corre-
lation between UCa/Cr and UNa/UK ratios in older chil-
dren, which is in line with the results reported by Koyun
et al. (14). However, in some studies (13, 16), a weak cor-
relation between these two parameters was reported. So
et al. (13) found an extremely weak correlation between
UCa/Cr and UNa/UK in healthy children whereas UNa/UK
was positively and strongly correlated with age (P < 0.001),
and UCa/Cr was negatively correlated. The authors con-
cluded that the linear relationship between UNa/K and age

Table 3. Relationship Between Demographic Factors and Na/K Ratio > 1

Variable Na/K1
No. (%) OR 95% CI for OR
Gender
Male 619 (93.5) 2.77 (1.92,3.99)°
Female 614 (83.9) 1.00
BMI
<18 763 (88.0) 1.61 (0.69,3.73)
18-25 415(89.8) 1.93 (0.81,4.62)
> 25 32(82.1) 1.00
Ethnicity
Baluch 509 (93.4) 2.78 (1.71,4.54)°
Sistani 517(85.6) 117 (0.77,1.78)
Other 188 (83.6) 1
Age
7 128 (86.5) 1.00
8 153(88.4) 1.20 (0.62,2.32)
9 184 (90.6) 1.51 (0.78,2.95)
10 186 (85.7) 0.94 (0.51,1.72)
1 198 (88.4) 119 (0.64,2.22)
12 102(87.9) 114 (0.55,2.36)
“Significant.

Table 4. Correlation Between UCa/Cr and UNa/k Based on Gender and Age

Variable Na/k, Ca/Cr Correlation
R P Value
Gender
Male 0.127 0.001
Female 0.163 < 0.001
Age (years)
7 0.508 < 0.001
8 0.305 < 0.001
9 0.222 0.002
10 0.045 0.511
11 0.001 0.990
12 -0.058 0.534

could be due to the change in nutritional habits as chil-
dren consume higher salt content meals when they grew
up. In Japan, a positive correlation between UCa/Cr and
UNa/Cr was found (r = 0.14, P < 0.01) (5). In healthy Thai
children, the urinary sodium/creatinine ratio (UNa/Cr)and
urinary sodium/potassium ratio (UNa/K) were correlated
with UCa/Cr (r=0.41, P < 0.0001 and r=0.24, P < 0.0001, re-

Health Scope. 2020; 9(4):e62433.
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Table 5. Mean and 95th Percentile Values of UCa/Cr in School-aged Children in Different Countries

Age (years) Number Mean 95th Percentile Country Year References
39 529 0.02 Japan 2002 (5)
17d-15 488 0.25-0.75 Thailand 2000 (12)
615 205 0.75 Kazakhstan 2002 (6)
716 368 0.09-0.2 0.2-0.7 USA 2001 (13)
714 2143 0.1 037 Turkey 2007 (14)
1mo-14 324 0.19 0.24-0.76 Turkey 2003 (15)
711 590 0.15 0.36 Iran (Babol) 2005 7)
711 1068 0.12 0.23-0.24 Iran (Jahrom) 2010 (8)
712 340 0.33 Iran (Rasht) 2013 (10)
712 364 0.11 0.24 Iran (Urmia) 2008 (16)

spectively) in contrast to the urinary potassium/creatinine
ratio (UK/Cr) (r=0.05, P > 0.1). Children with high UCa/Cr
ratios also had higher UNa/Cr (5.6 £ 7.1vs. 2.6 =15, P <
0.001) and UNa/K (5.4 &= 2.3 vs. 2.5 &£ 0.23, P < 0.05) (12).
Increased potassium intake in hypercalciuric children had
beneficial effects on the UCa/Cr ratio, especially in children
treated with nephrolithiasis (5).
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