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Abstract

Background Reference values for urinary calcium (Ca) and other solutes/creatinine (Cr) ratios in infants and young children
are scarce. Its variation with type of lactation administered, breastfed (BF) or formula (F), is incompletely known.
Methods A total of 511 spot urine samples from 136 children, aged 6 days to <5 years, was collected. Urine was collected
no fasting in infants < 18 months and first morning fasting in children aged 2.5—4 years. Urinary osmolality, Cr, urea, Ca,
phosphate (P), magnesium (Mg), and uric acid (UA) were determined. Values are expressed as solute-to-Cr ratio.

Results Urinary values were grouped according to the child’s age: 6-17 days (G1), 1-5 months (G2), 6-12 months (G3),
13-18 months (G4), and 2.5—4 years (G5). G1 was excluded; Ca/Cr and UA/Cr (95th percentile) decreased with age (G2 vs.
G5) from 1.64 to 0.39 and 2.33 to 0.83 mg/mg, respectively. The P/Cr median rises significantly with age from 0.31 (G2) to
1.66 mg/mg (G5). Mg/Cr was similar in all groups (median 0.20, 95th percentile 0.37 mg/mg). Ca/Cr (95th percentile) of
BF infants was 1.80 mg/mg (< 3 months) and 1.63 mg/mg (3—5 months), much higher than F infants (0.93 and 0.90 mg/mg,
respectively). P/Cr and P/Ca were lower in BF infants.

Conclusions Values for urinary Ca/Cr, P/Cr, Mg/Cr, and UA/Cr in infants and children<5 years were updated. BF
infants < 6 months showed higher Ca/Cr and lower P/Cr than F infants. New cutoff values to diagnose hypercalciuria in
infants < 6 months, according to the type of lactation, are proposed.

Keywords Urine calcium-to-creatinine ratio - Urine phosphate-to-creatinine ratio - Urine magnesium-to-creatinine ratio -
Urine uric acid-to-creatinine ratio - Hypercalciuria - Breastfeeding

Introduction

Ontogenetic changes occur continuously during develop-
ment. The standardization of metabolic and physiological
values in relation to age is required, especially interesting
being those obtained from studies in healthy population.
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Regarding kidney function, changes in urinary composi-
tion are particularly pronounced in the neonatal stage and
up to 2—4 years of age, when relative values like those of
older children and adults are reached.

The quantification of urinary elimination of the dif-
ferent solutes has traditionally been carried out in urine
collected in 24 h, a sample that is difficult to obtain espe-
cially from the youngest children. For this reason, at pre-
sent, we rely on the evaluation of the ratios between the
urinary concentrations of different solutes and creatinine
(Cr), after studies in children and adults have verified its
correlation with the excretion in 24 h [1-4]. However,
despite its usefulness, reference values in the early years
are very scarce and vary with age, and most of them are
not updated or have been obtained from populations with
different living conditions, which modifies the range of
normality (Table 1) [5-15].
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Furthermore, the composition of breast milk or adapted
formula influences the urinary elimination of some solutes
(calcium, phosphorus) [15, 16] in infants, a fact that is not
considered in the most frequently used references [5, 7, 10].

The purpose of this study was to determine values for
urinary ratios of calcium (Ca), phosphorus (P), magnesium
(Mg), and uric acid (UA), related to Cr in spot urine sam-
ples of Spanish healthy children <5 years of age. We also
analyzed the variation of urinary excretion of Ca, P, Mg,
UA, Cr, osmolality, Na, and K depending on the type of
lactation (breast or formula) in infants < 6 months, when
milk is the only or main food intake. In addition, an evo-
lutionary comparison of the excretion of Ca and P is made
in the first 18 months of life in relation to the maintenance
of breastfeeding.

Participants and methods
Participants

From January 2018 to December 2021, children of Cau-
casian origin from Valencia, Spain, with different ages
(6-17 days old; 1, 2, 4, 6,9, 12, 15 and 18 months old;
and between 2.5 and 4 years old) were recruited from a
primary health center at the time of their scheduled visits.

Inclusion criteria were healthy full-term newborns with
an adequate birth weight. Children were excluded if they
had kidney abnormalities observed on the antenatal ultra-
sound, Apgar score <7 at 5 min of life, kidney disease,
metabolic disorder, or intake of any drugs except for vita-
min D prophylaxis, 400 IU per day, during the first year
of life. All children were within normal weight and height
limits according to their age and gender without patho-
logical alterations. Children maintained a normal diet. In
infants under 18 months, the type of lactation, breastfed
(BF) or formula-fed (F), was recorded.

Urine samples

Spot urine samples were obtained during the morning. Spe-
cial plastic bags with adhesive were used to collect urine
from infants < 18 months, no fasting, at the time of the
scheduled visit in the primary health center. For children
aged 2.5-4 years who were diurnal continent with no bed
wetting, urine samples were obtained at home from the first
morning fasting urine and were immediately carried to the
pediatrics clinic. In those with urinary samples in all age
groups from 1 to 18 months (repeated samples), the influ-
ence of the type of lactation was studied. A reagent strip test
(Siemens Multistix® 10 SG) was performed, and samples
showing protein, blood, or leukocytes were excluded.
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All urine was stored at 4 °C and transported to the hos-
pital biochemistry laboratory within 24 h. Samples were
centrifuged for 10 min at 2500 X g, and the following
parameters were determined: osmolality (Osm, mOsm/kg
H,0) and concentration of Cr (mg/dL), Ca (mg/dL), P
(mg/dL), Mg (mg/dL), UA (mg/dL), urea (mg/dL), glucose
(mg/dL), sodium (Na, mEq/L), and potassium (K, mEq/L).
Osmolality was measured using the freezing point depres-
sion principle in an osmometer (Osmo Station OM-6060,
Arkray, Inc.); Cr by Jaffe kinetic method (IDMS); P, Mg,
and Ca by colorimetry using molybdate, xylidyl blue, and
arsenazo-III as complexing agents, respectively; and Na
and K by direct potentiometry with ion-selective elec-
trodes and UA by uricase method. All analytes were nor-
malized to Cr and expressed as analyte-to-creatinine ratios
(mg/mg or mmol/mg). Ratios P/Ca (mg/mg) and Cr/Osm
(umol/mOsm) were calculated.

Statistics

Statistical analyses were performed using SPSS software
(IBM SPSS Statistics v. 26.0, licensed to the Univer-
sity of Valencia). Descriptive results were expressed as
mean + standard deviation (SD) for continuous variables
with normal distribution and as the median and interquar-
tile range (IQR) for variables with non-normal distribu-
tion. The 5th and 95th percentiles were calculated, inter-
preting the 95th percentile as the upper reference limit.
Comparisons between groups were made using ANOVA
corrected with Bonferroni coefficient, or unpaired Stu-
dent’s #-test, or non-parametric Kruskal-Wallis, or
Mann—Whitney test, as appropriate. To account for differ-
ences by type of lactation, results of selected group with
repeated samples, as indicated, were analyzed using a gen-
eral linear model of repeated measures. A p value <0.05
was used as the criterion for significance.

Ethics

Written informed consent was obtained from the parents,
and approval was obtained from the Ethics Committee for
Clinical Research of the Hospital Clinico Universitario,
Valencia, Spain.

Results

A total of 511 urine samples were obtained from 136 chil-
dren (369 from males and 142 from females). Urinary values
were grouped according to the child’s age: 6-17 days (G1),
1-5 months (G2), 612 months (G3), 13—-18 months (G4),
and 2.5-4 years (G5) (Table 2). No sex-related significant
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Table 1 Reference no fasting urinary excretion values (50th and 95th percentiles) for Ca/Cr, P/Cr, Mg/Cr, and UA/Cr ratios (mg/mg) in studies

of infants and young children

Author, year (country) [Ref] Age group (n) Ca/Cr P/Cr Mg/Cr UA/Cr
50th  95th  50th  95th 50th  95th 50th  95th
Sargent et al., 1993 (USA) [5] 5d-7m (103) 0.29  0.86
8-18 m (40) 0.21 0.60
19 m-6y (41) 0.12 042
Ariceta et al., 1996* (Spain) [6] 1-12 m (45) 0.03  0.07**
1-15y (63) 0.02  0.04**
Matos et al., 1997 (Switzerland) [7] 1 m-1y(79) 0.81 5.20 0.48
12y (48) 0.56 3.90 0.37
2-3y41) 0.50 3.13 0.34
3-5y(54) 0.41 2.17 0.29
Matos et al., 1999 (Switzerland) [8] 1-6 m (33) 1.19 238
6 m-1y (30) 1.04 223
12y (44) 0.74  2.08
2-3y(37) 0.69 1.93
3-5y(54) 0.59 1.63
Vachvanichsanong et al., 2000 (Thailand) [9]  0.5-5 m (54) 0.20 0.75
6-11 m (39) 020 0.64
12-23 m (26) 0.13 0.40
So et al., 2001 (USA) [10] 7 d-7 m (30) 0.26  0.70
8-18 m (35) 0.11 0.50
19m-6y (67) 0.10  0.28
Ceran et al., 2003 (Turkey) [11] 1-7m (114) 0.19  0.76
8-18 m (67) 0.20  0.60
19 m-6y (58) 0.14  0.69
Safarinejad et al., 2003 1-7m (104) 0.14 0.98 0.12 0.29
(Iran) [12] 8-18 m (118) 0.13 0.87 0.12 0.26
19m-6y (113) 0.13 0.84 0.11 0.24
Erol et al., 2009 (Turkey) [13] 0-30d (81) 0.10  0.52
1-<4 m (68) 0.31 1.05
4-<9m (74) 0.17  0.79
9-<18 m (68) 0.19  0.67
1I8m-<3y@7) 014 0.59
3-<5y(87) 0.11 0.25
Poyrazoglu et al., 2009 (Turkey) [14] 1-6 m (210) 1.87
7-12 m (176) 1.64
1-3y (207) 1.43
Ferré et al., 2017% (Europe) [15] 3 m: BF (185) 0.68 1.67
F (286) 0.31 0.80
6 m: BF (97) 0.40 1.29
F (225) 0.25 0.62

BF breastfed, Cr creatinine, F formula-fed, d days, m months, y years, n number of urine samples, UA uric acid

“mmol/mmol; **97th

#No other study refers to the type of lactation

differences were detected for any urine parameters. Gluco-
suria was lower than 15 mg/dL across all samples.

Urinary creatinine and creatinine-to-osmolality

ratio

Table 2 shows urine Osm, urea, Cr, and Cr/Osm in the
different groups. From the first month of age, there was

a significant correlation (r=0.89) between Cr and Osm.
There was also a correlative increase of Osm (r=0.77,
p <0.001), urea (r=0.96, p<0.001), and Cr (r=0.88,
p <0.001) with age. The ratio Cr/Osm showed less differ-
ence between groups and less interindividual variability
than Cr concentration (mg/dL), allowing the ratio solute/
Cr to be used as a reliable indicator of solute excretion
and allowing comparisons to be made between the ana-
lyzed age groups.
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Urinary excretion of calcium, phosphate,
magnesium, and uric acid

Ca/Cr was higher in infants < 12 months of age (G1-G3)
than in G4-G5, which showed similar values. G1 was
excluded; Ca/Cr decreased significantly with age (groups
G2 to G4; r= —0.50, p<0.001). By contrast, from the first
month of age, phosphaturia increased with age (r=0.27,
p <0.001). The P/Ca ratio followed a similar trend (Table 3).
Mg/Cr was significantly lower in G1 when compared to
other groups (p <0.05), which showed no change with age.
Newborn group (G1) was excluded; UA excretion decreased
with age (r= —0.58, p<0.001) (Table 3).

Influence of the type of lactation in the first
6 months after birth

Data from infants under 6 months of age (exclusively milk-
fed) were analyzed and divided into 2 groups according to
the age (<3 months and 3-5 months) (Table 4). Significant
differences were detected in Ca/Cr, P/Cr, and P/Ca ratios
between the two types of lactation in each age group. BF

infants showed Ca/Cr ratios (median and 95th percentile)
twice as high as formula-fed (p <0.001), whereas P/Cr and
P/Ca ratios were lower (p <0.001) in BF infants. No differ-
ences in Cr/Osm, Urea/Cr, UA/Cr, and Na/Cr were found; in
infants under 3 months, the Mg/Cr and K/Cr were higher in
formula-fed (p < 0.05). No significant correlation (Pearson’s
coefficient) was found between Ca/Cr vs. P/Cr and the type
of lactation (BF or F) among infants < 3 months and among
those 4-5 months of age. Figure 1 depicts the significant
differences (p <0.001) in the temporal variation of Ca/Cr,
P/Cr, and P/Ca ratios according to type of lactation in 344
urine samples of 43 infants (29 breastfed, 14 formula-fed) by
an analysis of variance with repeated measures.

Discussion

This study proposes urinary excretion values of Ca, P, Mg,
and UA normalized to Cr in spot urine samples from healthy
infants and children aged 6 days to less than 5 years. The
samples were obtained from subjects with adequate feeding
and growth, all of them living in Valencia, Spain. We have

Table 2 Children’s age and urinary osmolality, urea, creatinine, and creatinine/Osm values in each age group'"

Parameter Group 1 (6-17 days) Group 2 (1-5 months) Group 3 Group 4 (13— Group 5 (2.5-4 years)
n=>53 n=189 (6-12 months) 18 months) n=48
n=151 n="70
Age (days) 11 (6-17) 64 (25-138) 275 (173-371) 458 (425-577) 1160 (910-1460)
Osmolality (mOsm/  102%*% (63-136) 102%%% (72-147) 215% (143-434) 464% (311-704) 849% (654-986)
kg H,0)
Urea (mg/dL) 196%#% (121-284) 210%% (138-297) 550%* (322-1212) 1039* (779-1848) 2661* (2244-3276)

9% (6-14)
8.211 (6.55-9.54)

Creatinine (mg/dL) 114 (6-14)
Cr/Osm (umol/mOsm) 9. 174 (7.73-10.82)

25% (13-41)
8.38% (6.97-10.67)

35% (18-49)
6.20% (4.84-7.37)

71* (56-98)
7.62" (6.36-10.00)

(M AIl values as median and interquartile range unless another indicated

Cr creatinine, Osm osmolality, n number of urine samples

Significant differences (p <0.05) between groups are indicated by symbols: *vs. all other groups; 3vs. group 5; *vs. group 4; %vs. group 3; %vs.

group 2; Tvs. group 1

Table 3 Urinary ratios of Ca/Cr, P/Cr, P/Ca, Mg/Cr, and UA/Cr in each age group"

Parameter Group 1 (6-17 days) Group 2 (1-5 months) Group 3 (6—12 months) Group 4 (13-18 months) Group 5 (2.5-4 years)
n=>53 n=189 n=151 n=70 n=48

Ca/Cr (mg/mg)  0.43% (0.04-1.54) 0.62% (0.17-1.64) 0.25% (0.04-0.81) 0.127¢% (0.02-0.50) 0.147¢% (0.04-0.40)

P/Cr (mg/mg)  0.53%%(0.05-3.28)  0.32%% (0.07-3.18) 0.94* (0.08-2.50) 1.347¢¢ (0.38-2.94) 1.66%1¢% (0.73-2.48)

P/Ca (mg/mg)  2.00%* (0.10-12.50) 0.65%* (0.09-9.12) 3.76* (0.18-28.54) 11.691¢% (2.38-44.97) 12.201%% (3.47-34.43)

Mg/Cr (mg/mg) 0.07* (0.02-0.25) 0.20" (0.06-0.37) 0.207 (0.09-0.37) 0.18% (0.06-0.31) 0.207 (0.09-0.37)

UA/Cr (mg/mg) 1.50°% (1.07-2.30)  1.67%% (1.21-2.33)

1.44% (0.84-2.17)

1.29% (0.60-2.08) 0.83* (0.45-1.41)

(Al values as median (5th percentile-95th percentile)

Cr creatinine, n number of urine samples, UA uric acid

Significant differences (p <0.05) between groups are indicated by symbols: *vs. all other groups; Svs. group 5; #vs. group 4; %vs. group 3; %vs.

group 2; Ivs. group 1
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Table 4 Urinary creatinine and urinary ratios of Cr/Osm, Urea/Cr, Ca/Cr, P/Cr, P/Ca, Mg/Cr, UA/Cr, Na/Cr, and K/Cr in infants <6 months of
age, according to type of lactation

Parameter Age <3 months Age 3-5 months

Breastfed Formula-fed Breastfed Formula-fed

n=102 n=>50 n=60 n=30
Cr (mg/dL) Mean+SD 10.12+6.22 9.87+6.07 12.45+8.97 15.16 +8.05
Cr/Osm (umol/mOs) Median IQR 8.35 (6.42-10.00) 8.20 (7.00-9.56) 9.04 (7.55-11.80) 7.66 (6.10-9.47)
Urea/Cr (mg/mg) Median IQR 23.42 (16.6-27.1) 20.07 (12.4-25.6) 21.63 (16.3-25.6) 25.55 (18.5-28.5)
Ca/Cr (mg/mg) Median (pSth—p95th) 0.79 (0.07-1.80) 0.41% (0.11-0.93) 0.90 (0.23-1.63) 0.41* (0.05-0.90)
P/Cr (mg/mg) Median (pSth—p95th) 0.25 (0.06-1.14) 2.08* (0.18-3.90) 0.19 (0.02-1.66) 1.24* (0.11-3.85)
P/Ca (mg/mg) Median (pSth—p95th) 0.33 (0.09-7.64) 4.48* (0.38-15.74) 0.22 (0.04-2.40) 4.40%* (0.15-11.60)
Mg/Cr (mg/mg) Median (p5th—p95th) 0.13 (0.03-0.31) 0.22* (0.05-0.43) 0.21 (0.10-0.43) 0.25 (0.12-0.45)
UA/Cr (mg/mg) Median (p5th—p95th) 1.67 (1.16-2.33) 1.65 (1.23-2.73) 1.64 (1.12-2.21) 1.54 (1.04-2.75)
Na/Cr (mmol/mg) Median IQR 0.13 (0.09-0.20) 0.13 (0.10-0.20) 0.09 (0.05-0.15) 0.10 (0.05-0.13)
K/Cr (mmol/mg) Median IQR 0.21 (0.13-0.30) 0.26" (0.21-0.34) 0.22 (0.13-0.28) 0.26 (0.19-0.36)

Cr creatinine, /QR interquartile range, n number of urine samples, SD standard deviation, Osm osmolality, p percentile, SD standard deviation,

UA uric acid

Significant differences between groups of the same age (breastfed vs. formula-fed): *p <0.001; *p <0.05

analyzed the influence of the type of lactation (BF vs. F) in
infants. Finally, we provide updated normal limits of Ca/Cr
ratios in infants and children < 5 years, considering the type
of milk (BF or F) in the first 6 months of life. Although 24-h
urinary solute excretion is considered the gold standard,
there are difficulties in timed urine collections, especially in
infants and young children. Measurements in random urine
samples are an easy and practical method for pediatricians
to assess solute excretion and very useful for epidemiologic
studies. Recent studies have shown that solute/Cr ratios
vary with age and geographic area; hence, reference ranges
and 95th percentile values specific for each population are
needed.

Calcium and phosphorus

There are few reports on urinary excretion of calcium [7,
10, 17] and phosphorus [7, 12] in healthy infants and young
children. Studies that analyze the influence of the type of
milk administered (BF or F) on urinary excretion of these
solutes when the infant diet is exclusive (first 5—-6 months)
or predominantly milk (6—12 months) are also scarce [11,
13, 15, 18, 19].

Our results show a highly significant decrease in the
urinary Ca/Cr ratio with age (Table 3) in agreement with
reported observations by Sargent et al. [5] and Matos et al.
[71, the first two studies that demonstrated that random uri-
nary Ca/Cr is higher in infants and young children com-
pared to older children and adolescents. This high Ca/Cr
ratio has been linked to lower urinary creatinine at this age
[6, 15, 20, 21]; however, the small variations in the urinary
Cr/Osm ratio (Table 2) do not support this hypothesis [7].

Nevertheless, in our study, the median and 95th percentile
for urine Ca/Cer ratio in children from 6 days to 18 months of
age were higher than those reported in Europe [5, 7, 20-22]
and in Caucasian children in the USA [10] and much higher
than those observed in Iran [12], Turkey [11, 13, 23], and
African-American infants in the USA [10]. In contrast, the
95th percentile of Ca/Cr in children aged 13—18 months and
2.5—4 years was comparable to those reported by Matos et al.
in Swiss children used as a reference [7]. Since we have used
similar analytical methods for the determination of urinary
Ca, the variations must be related to ethnic origin or to the
different content of Ca in foods by geographical or cultural
variations [7, 10, 17, 22].

Contrary to calciuria, P/Cr ratio is lower in children under
6 months of age than in older ones (Table 3). However,
Matos et al. [7] reported the highest values in infants from
1 to 12 months and a progressive decrease up to 4 years of
age with values like those found in our children. A similar
profile, with lower P/Cr values, was observed in Iranian chil-
dren [12] (Table 1). The lack of knowledge about the type
of lactation and the different age categorization < 12 months
makes the comparison with our results difficult, despite
using the same method of analysis for urinary P. However, a
similar lower phosphaturia in the first 6 months of life was
previously observed in healthy term infants in Greece [18]
and in the USA [16, 19] being attributed to the low P content
of human or formula milk. The increase in P/Cr ratio after
6 months coincides with the start of complementary feed-
ing with a higher P content (Fig. 1), which remains elevated
up to 4 years old with the diet of Western preschool chil-
dren [7, 24, 25]. Such discrepancies highlight the need to
provide reference values for phosphorus excretion in young
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Fig.1 Variation by age and
type of lactation of urinary
Ca/Cr (a), P/Cr (b), and P/

Ca (c¢) ratios. General model
of repeated measures: 344
urine samples of 43 healthy
infants (29 BF, 14 F) aged
1-18 months. ANOVA
p<0.001 (within-subject
means) in all three ratios of BF
and F infants. Differences BF
vs. F (*symbol: Mann—Whitney
p <0.05) were found in infants
1-9 months of age

@ Springer
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children for the diagnosis of states with increased phospha-
turia (Table 3).

The median urinary P/Ca ratio in full-term newborns
(2 mg/mg) drops to 0.65 mg/mg in infants aged 1-5 months
(Table 3), with an important interindividual variability,
attributable to the type of lactation. After 6 months, the
increase in phosphaturia and the decrease in calciuria raise
the P/Ca ratio in all the other groups (Table 3 and Fig. 1)
with values comparable to 2-year-old or older children from
Western countries [24, 25].

To summarize, the present study has found urinary Ca/
Cr values higher and P/Cr lower than the reference values
in healthy infants [5, 7, 9-13], especially in those under
6 months of age when food intake is exclusively milk, and
similar values of calciuria and phosphaturia to those con-
sidered reference in children 1-4 years of age fed with a
standard Western diet.

Magnesium

Ghazali and Barratt [2] were the first to report mean val-
ues for urinary Mg/Cr (0.21 +0.10 mg/mg) in the second
morning urine sample in 29 British children aged 1 to
15 years. Most subsequent studies have been conducted
in children older than 2 years, concluding that Mg/Cr dis-
plays a moderate inverse relationship with age [7, 26-29].
Upper limits for magnesium excretion have not yet been
determined for all ages, and data are available from only
4 publications on infants from very different populations
[6, 7,12, 28].

Our study shows little variation in Mg/Cr in infants and
children below 5 years of age excluding the group of new-
borns (Table 3). In neonates, Mg/Cr was lower than in the
rest of the groups and slightly higher than those reported
by Ariceta et al. in 33 hospitalized full-term newborns
[29]. In infants (Table 3), our results show higher Mg/Cr
ratios than those reported by Ariceta et al. [6] in Bizkaia,
Spain, and by Safarinejad in Iranian infants (1-7 months
of age) [12], but much lower than in the Swiss study
[7] (Table 1). However, in children aged 1-4 years, our
findings show similar and relatively stable values, com-
parable to other published data [7, 26, 27]. Analytical
methods were similar in all studies except for those of
Ariceta et al. [6, 29] and Paunier et al. [26]. This could
explain the differences. However, factors such as the type
of milk and the composition of the young child’s diet
should also be considered [7]. Thus, Mg/Cr ratios in our
infants are comparable to Yilmaz’s study [28] and lower
than the Swiss study [7] which has an inferior percentage
of infants on breast milk. Standard infant formulas have
less Mg content than breast milk [30].

Uric acid

There are few studies providing normal values for UA/Cr in
children younger than 5 years beyond the neonatal period,
where it is a marker of the severity of asphyxia [31]. For
older children, the UA/Cr ratio is used for the investigation
of nephrolithiasis and recurrent hematuria [32, 33]. In Spain,
there is only one study in children aged 2 to 6 years [34].

The median and 95th percentile of urine UA/Cr, exclud-
ing the neonates group, decrease with age (Table 3). An
age-dependent decrease in urate excretion was also observed
by Matos et al. [8] and Poyrazoglu et al. [14] in groups of
children in the same age range and in other studies with
older children [3, 8, 12, 14, 35-37].

Variation of urinary Ca, P, and Mg by type
of lactation

The influence of the type of lactation (BF vs. F) on the uri-
nary excretion of Ca, P, and Mg has not been considered
in most classical references [5, 7, 10]. In the present study,
Ca/Cr ratio in BF infants was twofold higher and P/Cr ratio
was sevenfold lower compared with formula-fed infants
(Table 4). In the long term, the analysis of repeated samples
(Fig. 1) shows a progressive decrease in Ca/Cr and increase
in P/Cr ratios in BF, reaching similar values in infants with
both types of lactation from the age of 12—15 months.

Regarding calciuria, two studies in Turkey [11, 13] and a
more recent multicenter European study [15] have provided
information on very different populations. The influence of
the type of lactation is contradictory among the two Turkish
studies. One study [11] did not observe differences, and in
the other [13], Ca/Cr was lower in BF infants. In contrast,
the European multicenter study (Table 1), which includes a
large number of spot urinary samples from infants at 3 and
6 months of age, reported higher Ca/Cr in BF, especially at
3 months [15], comparable to what has been observed in the
present study (Table 4 and Fig. 1).

With respect to phosphaturia, the low P/Cr ratio found
in BF infants (Table 4) is consistent with the findings of the
first long-term longitudinal study on postnatal changes in
phosphate excretion in healthy term newborns with different
types of milk [19]. This and other studies suggest that the
phosphate intake modulates urinary phosphate excretion and
that the low P/Cr ratio found in BF infants can be explained
by the low phosphate concentration in breast milk [16, 18,
19, 38].

Some components of a diet such as high protein and Na,
low K intake, and vitamin D excess [22, 30, 33, 39] have
been shown to favor urinary Ca excretion. Our data sug-
gest that higher Ca/Cr in the BF group cannot be attributed
to these factors, because there were no differences in uri-
nary Na/Cr, K/Cr, and Urea/Cr ratio, a non-invasive index
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of protein intake [40] among the two types of lactation
(Table 4).

It has been suggested that the lower P content of human
milk compared to standard formula could increase calciuria
in healthy term infants in the context of a relative nutritional
P deficiency [15]. The nutritional P deficiency in newborns
was described in small premature infants fed with breast
milk without P and vitamin D supplementation [41]; and it
is characterized by growth arrest, hypophosphatemia, hyper-
calciuria, undetectable P in urine, and rickets [41, 42]. To
our knowledge, the quotation that the nutritional phosphate
deficiency has not been described in any healthy term infants
with exclusive BF in the first 6 months of life [30, 42] is
still true. However, from the balance studies carried out by
Fomon et al. [39], it is known that low P intake in healthy
infants increases calcium absorption and elevates calciuria.
Likewise, the supplementation of P to healthy term infants
with BF in the first weeks of life (without vitamin D sup-
plementation) decreases calciuria [19].

The present study does not include serum concentrations
of Ca, P, 25-hydroxivitamin D, and other markers of bone
metabolism; however, the normal growth and clinical status
of infants and the verification of urinary P always detectable
[19, 30] make it unlikely to attribute the high calciuria to a
nutritional P deficiency. Thus, we propose that the higher
calciuria of infants with exclusive BF can be attributed to the
increased relative absorption of Ca of human milk compared
with standard formula [39, 43-45], due to its low P concen-
tration (and other compositional differences) and favored by
adequate vitamin D supplementation, as already proposed
by Hillman et al. [42].

Regarding the Mg urinary excretion, we found a slightly
higher Mg/Cr ratio in formula-fed infants (Table 4) that can
be explained by its higher concentration in standard infant
formulas [30]. But we are not aware of other studies that
compare these results, except for the study carried out in
full-term newborns (age range 1-27 days), where no differ-
ence was observed between the two types of lactation [29].

Cutoff values for hypercalciuria in infants and young
children

From the studies of Sargent et al. [S] and Matos et al. [7], the
accepted upper limit values of 95th percentile of urinary Ca/
Cr are < 0.8 mg/mg for infants aged 1-6 months, <0.6 mg/
mg for infants between 6 and 12 months, and 0.5-0.4 mg/
mg for children aged 2—4 years. After this age, the limit of
0.21 mg/mg (0.60 mmol/mmol) is well accepted for school-
children, adolescents, and adults [2, 3, 7, 17, 20, 21, 24, 25,
33, 46].

In our study, the use of these limits would result in pro-
portions of hypercalciuria of 39.3% (aged 1-5 months),
17.5% (aged 6-12 months), 1.5% (aged 13-18 months), and
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4.2% (2.5-4 years), reaching 50.4% in BF infants below
6 months (8.1% in formula-fed). This high estimate indi-
cates that the proposed cutoffs overestimate the hypercalciu-
ria prevalence in children below 1 year of age, especially in
infants with exclusive BF. The recent European multicenter
study, limited to 3- and 6-month-old infants, has reported
similar results to ours [15].

To summarize, and based on our data and using a statisti-
cal criterion for upper limit (> 95th percentile), in accord-
ance with previous reference studies, we propose the fol-
lowing Ca/Cr (mg/mg) cutoff values for the diagnosis of
hypercalciuria (Table 5): for infants <3 months, 1.80 mg/
mg if they are BF and 0.90 mg/mg in the case of standard F,
and for infants from 3 to 6 months, 1.60 and 0.90 mg/mg for
BF and F, respectively. From 7 to 12 months, 0.80 mg/mg
is adequate, especially when the child continues with BF.
After the first year, this limit should be 0.50 mg/mg from 1
to 2 years of age and 0.40 mg/mg up to 5 years of age if they
have a normal Western diet for children.

Although we certainly believe that the new cutoff values
can be used as prognosis at the clinical level, we cannot
suggest any further use as, for instance, a marker of crystal-
lization or lithogenesis, since additional urine composition
data (oxalate, citrate) would be required.

The strengths of this work are as follows: (i) the study
was carried out in healthy children with adequate growth
in separate age groups and during their scheduled health
exams, (ii) the difficulty in collecting urine samples at the
different ages, (iii) the scarcity of reference excretion values
at these ages, and (iv) the evaluation of the type of lactation
on the urinary composition.

A limitation of our study is the cohort of children, all of
them of Caucasian origin and living in the east of Spain,
with a different culture and climate than other population
groups from other geographic regions. A study design that
would allow results which are representative for a broader
community and geographic area would be of great interest.

Table 5 Urinary upper limits (95th percentile) of Ca/Cr ratio (mg/
mg) in each age group for the diagnosis of hypercalciuria in infants
and young children < 6 years

Age class Ca/Cr (mg/mg) References [Ref]
< 3 months
Breastfed 1.80 Current study and [15]
Formula-fed 0.90 Current study and [15]
3—6 months
Breastfed 1.60 Current study and [15]
Formula-fed 0.90 Current study and [5, 15]
7-12 months 0.80 Current study and [5, 7]
1-2 years 0.50 Current study and [7, 10]
3-5 years 0.40 Current study and [5, 7]
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Conclusions

In conclusion, this study provides age-related 5th and 95th
percentiles for urinary Ca/Cr, P/Cr, Mg/Cr, and UA/Cr in
spot urine samples in healthy Spanish children between
6 days and 5 years of age.

The child’s age and the type of lactation, during the
first months of life, should be taken into consideration
when assessing calciuria and phosphaturia. In breastfed
infants < 6 months of age, low phosphaturia coexists with
high calciuria. This profile should be considered in patho-
logic situations of renal phosphate wasting.
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