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Abstract

The incidence of urolithiasis in infants is
unknown. The aim of this study was to inves-
tigate clinical characteristics, nutrition, cal-
cium, phosphate, 25-hydroxyvitamin D (25
(OH)D), alkaline phosphate, and parathyroid
hormone in infants with urolithiasis. There
were 32 infants (23 boys and 9 girls) of the
mean age of 6.4 � 3.7 months (range 2–-
12 months), with diagnosis of urolithiasis
enrolled into the study. Boys were younger
than girls (5.3 vs. 9.1 months, respectively;
p < 0.05). The infants were receiving prophy-
lactic vitamin D3. Twenty-one of them were
fed with milk formula, 9 were breastfed, and
2 were on a mixed diet. The major clinical
symptoms consisted of irritability in
19 (59%) and urinary tract infection in
6 (19%) infants. Hypercalcemia and

hyperphosphatemia were detected in the
serum in 30 (94%) and 19 (60%) infants,
respectively. The serum calcium level was
higher in boys than girls (10.8 vs. 9.8 mg/dL,
respectively; p < 0.05). Four (12.5%) infants
had increased activity of alkaline phosphatase.
The serum level of 25(OH)D was high in
3 (9%), low in 2 (6%), and normal in
27 (85%) infants. Parathyroid hormone was
low in eight (25%) infants. Hypercalciuria
and hyperphosphaturia were found in
11 (34%) boys and 8 (25%) girls. Family his-
tory of urolithiasis was positive in eight (25%)
infants. We conclude that urolithiasis occurs in
infancy more often in boys fed with milk for-
mula and in those who received vitamin D
supplementation. Hypercalcemia, hyperpho-
sphatemia, and hypercalciuria are the most
common changes present in clinical metabolic
tests.
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1 Introduction

The incidence of pediatric urolithiasis depends on
the geographic, genetic, and socioeconomic
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factors and is on the rise worldwide (Weigert and
Hoppe 2018; Jobs et al. 2014; López and Hoppe
2010). Approximately 10% of all cases of urinary
stones are diagnosed in infants (Hesse 2005).
Urolithiasis appears at any age in pediatric popu-
lation. In the youngest infants, predisposing
causes can be recognized in 75–80% of patients
(Walther et al. 1980). The most common risk
factors of urinary stone formation are metabolic
changes such as hypercalciuria, hyperoxaluria,
and hypocitraturia (Milliner and Murphy 1993).

25-Hydroxyvitamin D (25(OH)D) has pleio-
tropic effects in human body, since vitamin D
receptors are expressed in the majority of cells
(Unal et al. 2014). The all-presence of vitamin D3

receptors has clinical implications in that it may
have to do with a reduction of risk of cancer,
autoimmune and infectious diseases, depression,
diabetes, and cardiovascular incidents (Pludowski
et al. 2018). Vitamin D3 in a dose of 400 IU a day
for infants, who are exclusively breastfed, is
recommended by the Institute of Medicine of
the US National Academy of Sciences, the Amer-
ican Endocrine Society, the European Society for
Pediatric Gastroenterology Hepatology and
Nutrition, and the American Academy of Pediat-
rics to prevent rickets (Holick et al. 2011; IOM
2011). The serum concentration of 25(OH)D
between 20 and 50 ng/mL is established as the
normal range. A routine measurement of 25(OH)
D is not recommended for healthy infants, but
those with chronic diseases can benefit from mon-
itoring. In some patients, however, vitamin D3

supplementation may have significant adverse
effects such as hypercalcemia, hypercalciuria,
constipation, hypertension, nephrocalcinosis, or
urolithiasis. Therefore, this study seeks to define
the relationship between the content of 25(OH)D
and calcium and urolithiasis in infants aged under
12 months.

2 Methods

Thirty-two infants aged 2–12 months (23 boys
and 9 girls), who had been referred to the Depart-
ment of Pediatrics and Nephrology of Warsaw
Medical University in Warsaw, Poland, due to

newly diagnosed urolithiasis, were investigated.
The exclusion criteria were chronic liver or kid-
ney diseases, history of prematurity or low birth
weight (< 2,500 g), and a failure to growth. The
survey was conducted on nutrition, vitamin D3

supplementation, clinical symptoms, and family
history of urolithiasis. The serum levels of cal-
cium (Ca), phosphate (P), alkaline phosphatase
(ALP), parathyroid hormone (PTH), 25(OH)D,
and capillary blood gas and acid-base content
were investigated. In addition, urinary calcium,
phosphate, magnesium, and creatinine were
investigated in random urine samples. These
measurements were conducted with a
dry-chemistry method (VITROS 5600, Ortho
Clinical Diagnostics, Raritan, NJ 08869). The
PTH content was measured with an
immunoenzymatic method using the Immulite
2000xPi system (Siemens Medical Solutions
Diagnostics, NJ) with a reference range of
10–65 pg/mL. The serum content of vitamin D3

was measured with the chemiluminescence
method using the ARCHITECT i1000SR system
(Abbott Diagnostics; Chicago, IL), with a refer-
ence range of 20–50 ng/mL. The urine calcium/
creatinine (Ca/Cr), magnesium/creatinine, and
phosphate/creatinine (P/Cr) ratios were calcu-
lated. The reference range for Ca/Cr was taken
as less than 0.81 (Habbig et al. 2011; Hoppe and
Kemper 2010). The infants were divided into the
female and male groups. Metabolic indicators
were compared between the two groups.

Data were presented as means �SD and
95 confidence intervals (95%CI). Differences
between the female and male groups were
evaluated with a two-tailed unpaired t-test. A
p-value <0.05 defined statistically significant
differences. The analysis was performed using a
commercial Statistica package v11.0 for
Windows (StatSoft; Tulsa, OK).

3 Results

Table 1 shows the baseline characteristics of
infants with urolithiasis. Urinary stones were
diagnosed by means of abdominal ultrasonogra-
phy. The calculi were seen in the left kidney in
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25 (78%) infants, in 17 (53%) in the right kidney,
and in 9 (28%) bilaterally. Ultrasonography was
ordered in infants due to unexplained irritability in
19 (59%), urinary tract infection in 6 (19%), or a
dilation of the urinary collecting system in 7 (22%)
cases. The urinary tract infection was caused by
Pseudomonas aeruginosa in one, Klebsiella spp.
in four, and Enterobacter spp. in one infant. All of
the infants received oral vitamin D3 in a total dose
of 400–500 IU a day since the neonatal period.
Twenty-one infants received only milk formula,
supplemented with 40–56 IU of vitamin D3 per
100 ml of milk, 9 were breastfed, and 2 were both
breastfed and also received milk formula. A family
history of urolithiasis was negative in 24 (75%)
infants (Table 1).

Hypercalcemia was detected in 30 (95%) and
hyperphosphatemia in 19 (60%) infants with uro-
lithiasis. The serum PTH content was below 10 pg/
mL in 8 (25%) infants, and there was no single
case of increased PTH. An increased level of ALP
was noticed in only 4 (12%) infants, with the
remaining 28 infants having a normal ALP level.
Blood gas and acid-base content was within the
norm in all infants. The serum 25(OH)D content
was elevated in three (9%) and was below the
lower cutoff value in two (6%) infants with uro-
lithiasis. The remaining 27 infants had the level of
25(OH)D within the normal range (Fig. 1).

All of the infants had a fresh urine sample
examined under light microscopy to exclude cys-
tinuria. Hypercalciuria was found in 11 (34.4%)
patients with urolithiasis; the excretion of calcium
was within the norm in 21 (65.6%) infants.
Hyperphosphaturia was found in eight (25%)
infants. Eighteen (56.2%) infants had the Mg/Cr
ratio > 0.2 (Table 2).

The results also were stratified into the female
(mean age 9.1� 3.3 months) and male (mean age
5.3 � 2.4 months) groups. The only significant
gender difference found was a higher calcium
level in the male infants (Table 3). In addition,
we found a significant inverse correlation
between calcium and both 25(OH)D and ALP
(Table 4).

4 Discussion

Urolithiasis affects infants of all ages. In a large
study done by Zafar et al. (2018), boys are more
frequently affected, during the first 2 years of life.
The current study provided similar results as we
noticed that there were 72% of males and 28% of
females in the investigated population of infants
with urolithiasis. However, symptoms of urolith-
iasis in infants are non-specific and can remain
asymptomatic for a long time. Therefore, the
exact incidence of urinary tract stones is largely
unknown. In a study of Marzuillo et al. (2017),
about half or more infants with urolithiasis
presented abdominal or flank pain without spe-
cific urinary symptoms. In the current study, the
most common symptom of urolithiasis was unex-
plained irritability detected in 59.4% of infants. In
fact, colicky pain, hematuria, sterile pyuria, flank
tenderness, and urinary retention are rather atypi-
cal symptoms for the age of few months. A rou-
tine ultrasonography in a patient with urinary tract
infection is helpful in the diagnosis of the under-
lying urinary tract stones. In the current study, the
etiology of urinary tract infections in infants with
urolithiasis was atypical, consisting mostly of
Pseudomonas aeruginosa, Klebsiella spp., and
Enterobacter spp.

In the clinical setting, a reliable medical his-
tory is extremely important for the appropriate
diagnosis and treatment of urolithiasis in infants.
Approximately 40% of infants with urinary tract
stones have a positive family history (Van’t Hoff
2004). In the infants of the present, 25% of them
had a family history of urolithiasis. We observed
that the most important information from medical
history is that on nutrition and fluid intake.
Although breastfeeding in the first year of life is

Table 1 Baseline demographic and nutritional features of
infants with urolithiasis

Mean age (months) 6.4 � 3.7
Birth weight (g) 3,260–4,020
Males; n (%) 23 (72)
Females; n (%) 9 (28)
Milk formula feeding; n (%) 21 (66)
Breastfeeding; n (%) 9 (28)
Vitamin D3 supplementation; n (%) 32 (100)
Family history of urolithiasis; n (%) 8 (25)
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Table 2 Biochemical tests in infants with urolithiasis

Biochemical tests Reference range

Serum
Ca; mg/dL 10.5 � 1.1 (10.1–10.9) 8.5–10.2
P; mEq/L 4.5 � 1.9 (3.8–5.1) 2.3–3.8
PTH; pg/mL 17.4 � 11.6 (12.9–21.8) 10–65
25(OH)D; ng/mL 35 � 18 (28–42) 20–50
ALP; IU/L 244 � 70 (218–270) 91–258
Urine
Ca/Cr; mg/mg 0.50 � 0.27 (0.40–0.60) <0.81
P/Cr; mg/mg 1.18 � 0.76 (0.90–1.47) 0.30–1.20
Mg/Cr; mg/mg 0.28 � 0.35 (0.14–0.42) 0.10

Data are means �SD (95%CI); Ca calcium, P phosphorus, PTH parathyroid hormone, 25(OH)D 25-hydroxyvitamin D,
ALP alkaline phosphatase, Cr creatinine, Mg magnesium
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Fig. 1 Serum 25(OH)D
content in infants with
urolithiasis

Table 3 Biochemical tests infants with urolithiasis stratified by gender

Biochemical tests Female infants (n=9) Male infants (n=23) Reference range

Serum
Ca; mg/dL 9.8 � 1.8 10.8 � 0.4* 8.5–10.2
P; mEq/L 3.96 � 0.81 4.61 � 2.11 2.25–3.78
PTH; pg/mL 21.1 � 9.9 16.2 � 12.1 10–65
25(OH)D; ng/mL 45 � 30 32 � 12 20–50
ALP; U/L 218 � 61 256 � 72 91–258
Urine
Ca/Cr; mg/mg 0.42 � 0.30 0.53 � 0.26 <0.81
P/Cr; mg/mg 1.24 � 0.77 1.16 � 0.77 0.30–1.20
Mg/Cr; mg/mg 0.23 � 0.12 0.30 � 0.42 0.10

Data are means �SD; Ca calcium, P phosphorus, PTH parathyroid hormone, 25(OH)D 25-hydroxyvitamin D, ALP
alkaline phosphatase, Cr creatinine, Mg magnesium; *p < 0.05
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commonly recommended, most of the infants
studied (66%) received milk formula, which is
fortified with vitamin D3. Yet aside from that,
each infant was supplemented with an additional
dose of 400–500 IU vitamin D daily.

It ought to be recognized that urolithiasis is
only a symptom of other underlying diseases.
Infants with urinary tract stones are more likely
to have metabolic disorders, especially
hypercalciuria and hypocitraturia. The prevalence
of hypercalciuria in healthy infants has been
reported at 3–7% (Skalova and Lutilek 2006).
However, the incidence of hypercalciuria in
patients with urolithiasis is much higher. In the
current study, hypercalciuria was found in 34.4%
of patients. Similar observation has been done in
a study of Ergon et al. (2017) in which
hypercalciuria is observed in 38% of infants
with urolithiasis. Fallahzadeh et al. (2012) have
evaluated 36 infants with urolithiasis and found
the presence of hypercalciuria in 27.8% of them.

Hypercalciuria can be primary or secondary.
Primary idiopathic hypercalciuria is the most com-
mon cause of calcium-containing stones in infants.
Hypercalciuria and metabolic alkalosis also are
observed in a number of genetic diseases such as
Bartter’s syndrome type 1, type 2, or infantile type
with sensorineural deafness. Other genetic causes
of hypercalciuria with urolithiasis are autosomal
dominant hypocalcemic hypercalciuria (ADHH)
(OMIM Entry – *601199) due to mutations in
the calcium-sensing receptor (CASR) gene, famil-
ial hypomagnesemia 3 (HOMG3) (OMIM Entry –

*248250) due to a defect in renal tubular transport
of magnesium, Claudins such as CLDN19 (OMIM
Entry *603959) due to transmembrane proteins
interacting with the function of tight junctions, or
different types of Dent disease (OMIM Entries
*300008, *300009, *310468) due to misfunction
of voltage-gated chloride ion channel (CLC-5).
Another reason of hypercalciuria is a distal renal
tubular acidosis. In the autosomal dominant renal
tubular acidosis syndromes (OMIM Entry
*179800, *109270), hypocitric aciduria, hypoka-
lemia, and osteomalacia are present. Other types of
renal tubular acidosis are the autosomal recessive
forms (OMIM Entry *602722, *605239) or those
with the accompanying hearing loss (OMIM Entry
*267300, *192132). In case of a suspected genetic
disease, molecular genetic testing should be
performed (Ammenti et al. 2006).

Secondary hypercalciuria in young infants is
mainly caused by vitamin D toxicity or hyper-
parathyroidism. It can develop as a result of
parenteral nutrition, high protein diet, or treat-
ment with furosemide. Hypervitaminosis D,
caused by excessive exogenous supplementation,
can also induce hypercalcemia and
hypercalciuria. However, most studies do not
support the presence of a significant association
between a higher serum level of 25(OH)D and
increased risk of urinary stone formation. Tang
and Chonchol (2013) have demonstrated that a
short-term nutritional vitamin D3 supplementa-
tion in patients with 25(OH)D deficiency does
not increase urinary calcium excretion.

Table 4 Correlation matrix showing the mutual correlations among the biochemical variables investigated in infants
with urolithiasis

Ca P PTH 25OHD ALP Ca/Cr P/Cr Mg/Cr

Ca 1.00 �0.07 0.06 �0.70** 0.26 �0.08 0.30 0.00
P 1.00 �0.04 0.10 �0.07 0.13 �0.03 �0.02
PTH 1.00 �0.16 �0.12 �0.22 0.14 �0.11
25(OH)D 1.00 �0.45 0.08 �0.01 �0.08
ALP 1.00 0.21 0.03 0.04
Ca/Cr 1.00 0.16 0.07
P/Cr 1.00 0.04
Mg/Cr 1.00

Ca calcium, P phosphorus, PTH parathyroid hormone, 25(OH)D 25-hydroxyvitamin D, ALP alkaline phosphatase, Cr
creatinine, Mg magnesium
**p < 0.001
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In the current study, we found that most of the
infants with urolithiasis had hypercalcemia. The
serum level of calcium was higher in boys than in
girls, but it failed to associate with the serum 25
(OH)D level. We excluded the possibility of
hypercalcemia due to the presence of the
Williams-Beuren syndrome (OMIM Entry
*194050) in any of the infants. This study also
demonstrates that most of the infants with urolith-
iasis had the 25(OH)D content within the normal
range and also normal activity of PTH. The serum
content of 25(OH)D was increased in only three
(9.4%) infants. Hypercalcemia and hypercalciuria
in these infants could be ascribed to the
overdosing of vitamin D3. Infants with hypercal-
cemia and a normal level of 25(OH)D have, in all
likelihood, idiopathic hypercalcemia (Nesterova
et al. 2013). The potential reason for idiopathic
infantile hypercalcemia is mutations in the
CYP24A1 gene that encodes for the enzyme
converting the active forms of vitamin D to inac-
tive metabolites (Ketha et al. 2015). Idiopathic
hypercalcemia manifests during infancy with
acute episodes of hypercalcemia, hypercalciuria,
and nephrocalcinosis (Dinour et al. 2013; Gigante
et al. 2016).

A limitation of the current study was a small
group of patients from a single clinical center. We
also encountered some difficulties in the
assessment of calcium excretion. The most impor-
tant tool in the diagnosis of hypercalciuria is a 24-h
urine collection, which is usually difficult in
infants, particularly that bladder catheterization is
not recommended in this case. In the clinical
setting, calcium excretion is most often assessed
from random urine samples, and it may somehow
vary depending on the diet, medication, and fluid
intake.

Despite these limitations we believe we have
demonstrated that the most important risk factor
for urolithiasis in infants is hypercalcemia. Partic-
ular attention should be paid to infants with
hypercalcemia who receive milk formula and
additional vitamin D3 supplementation. This
study also demonstrates that hypercalciuria was
a dominant, but not ubiquitous, metabolic abnor-
mality in urine of infants with urolithiasis. The
incidence of hypercalciuria was lower than that

hypercalcemia. Interestingly, majority of infants
with urolithiasis had a normal serum level of 25
(OH)D. A low incidence of hypercalciuria
detected in infants could be secondary to stone
formation in the urinary tract. We believe that the
possibility of CYP24A1 gene mutations should be
taken into consideration in the diagnostics of
infants with urolithiasis, which may have rele-
vance to foreseeing the risk of urolithiasis in
adulthood.
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