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Introduction. The pathophysiology of urolithiasis in infancy is
not well known. The aim of this study was to investigate whether
infants with urolithiasis have higher serum levels of vitamin D, as
a possible risk factor for urolithiasis, compared to infants without
urinary calculi.

Materials and Methods. In this case-control study, 36 infants with
urolithiasis (age range, 2.5 to 24 months) were enrolled as well as
36 age- and sex-matched infants without urolithiasis. Random urine
samples were tested for calcium, phosphorous, oxalate, citrate,
uric acid, sodium, potassium, magnesium, and creatinine levels,
and also nitroprusside test was done on the samples. Serum levels
of potassium, urea nitrogen, creatinine, 25-hydroxyvitamin D3,
parathyroid hormone, calcium, phosphorous, and uric acid were
measured in all of the infants with urolithiasis. Serum levels of
25-hydroxyvitamin D3 were also measured in the control group.
Results. Serum levels of 25-hydroxyvitamin D3 were significantly
higher in the infants with urolithiasis than in the controls
(33.85 £ 14.78 ng/mL versus 18.26 + 7.43 ng/mL, P <.001).
Nine infants in the urolithiasis group (25%) were found to have
hypercalcemia; 3 of these cases also had hypervitaminosis D.
Hypercalciuria was detected in 10 infants with urolithiasis (27.8%),
hypocitraturia in 6 (16.7%), hypomagnesiuria in 3 (8.3%), and
hyperoxaluria in 1 (2.8%). Nineteen infants with urolithiasis had
at least one metabolic disorder.

Conclusions. High serum levels of vitamin D may play an
important role in the pathogenesis of urolithiasis in infants with
hypercalcemia. We recommend evaluation of vitamin D levels in
these infants.
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The true incidence of urolithiasis in infancy is
most probably higher than what has been previously
reported. Its frequency is increasing in all age
groups, including the infants. This is even true for
urolithiasis in nonendemic regions.'* Reports on the
geographic variation in the prevalence of urolithiasis
in the United States show a 50% higher prevalence in
the Southeast (the “kidney stone belt”) as compared
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with the Northwest.> Higher frequencies may be
related to many factors including better selection
of the patients for renal ultrasonography even
with nonspecific urinary tract symptoms. Risk
factors for urolithiasis include genetic, metabolic,
infectious, nutritional, environmental, anatomical,
and drug-related disorders. In addition, metabolic
patterns of urolithiasis may change over time.>* A
significant number of the patients may have more



than one risk factor, and on the other hand, no
cause can be found in a few patients.” Therefore,
full investigation for all the possible risk factors
of urolithiasis is crucial.

Due to routine prophylactic use of vitamin D in
infants and possibly satisfactory sunlight exposure
in this geographic area, and also the role of vitamin
D in metabolism of calcium, this study was carried
out to find the possible role of higher serum levels
of vitamin D as a risk factor for kidney calculus
formation during infancy.

In this case-control study, 36 infants (aged 2.5 to
24 months) with newly diagnosed urolithiasis were
recruited. All the infants were visited by pediatric
nephrologists in the Pediatric Nephrology Clinic
of Shiraz University of Medical Sciences, from
October 2010 to April 2011. The exclusion criteria
for enrollment were histories of prematurity, low
birth weight (< 2.5 kg), neonatal intensive care unit
admission, recent prolonged hospital admission,
and consumption of steroids, diuretics, calcium
supplementations, and other medications that can
promote calculus formation. In addition, 36 age- and
sex-matched infants referred for routine checkup
were enrolled as controls. The exclusion criteria
for enrollment of controls were prematurity, low
birth weight (< 2.5 kg), kidney diseases, kidney
calculi or the related symptoms, chronic diseases,
and failure to thrive.

This study was approved by the Ethics Committee
of Shiraz University of Medical Sciences and
was done in accordance with the Declaration of
Helsinki. Written consents were obtained from all
the parents. Complete history taking and physical
examination were performed. All the patients had
at least 2 ultrasonography reports, and the last
ultrasonography was performed by a radiology
expert in the pediatric field with a curved probe
of 7.5 MHz for larger infants and a 3.5-MHz probe
was used for smaller infants. The ultrasonography
device was the LOGIQ 9 (GE Healthcare, USA).
The ultrasonographic criteria for diagnosis of
urolithiasis were presence of a hyperechoic lesion
with a posterior acoustic shadow in the pyelocaliceal
system, ureter, or urinary bladder.

For all enrolled infants, a complete metabolic
workup was done. Blood and urine samples of
all infants were immediately transferred to the
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laboratory for analysis on the same day. Urine
investigations included urinalysis, urine culture,
nitroprusside test, and measurement of sodium,
potassium, calcium, uric acid, magnesium, oxalate,
citrate, and creatinine in random urine. Furthermore,
serum levels of calcium, phosphorous, alkaline
phosphatase, potassium, sodium, uric acid, urea
nitrogen, creatinine, 25-hydroxyvitamin D3 (vitamin
D), and parathyroid hormone were measured in
all cases. Moreover, venous blood gas analyses
were performed for all cases. Additionally, serum
levels of vitamin D were measured in the controls.
Urinary levels of calcium and magnesium and serum
levels of calcium and alkaline phosphatase were
measured by photometric method. Urinary levels
of oxalate and citrate levels were measured by the
high-performance liquid chromatography method.
Serum levels of vitamin D and parathyroid hormone
were quantified by electrochemiluminescence and
immunochemiluminescence methods, respectively
(Diasorin Kits, Italy). Reference ranges were 7.35
to 7.45 for serum pH, 20 mEq/L to 28 mEq/L
for bicarbonate, 35 mm Hg to 45 mm Hg carbon
dioxide partial pressure, and -2 to 2 for base excess.
Definitions of normal serum and urinary values
of the measured parameters are shown in Table 1.

Table 1. Reference Ranges of Measured Parameters in Infants

Parameter Reference Range
Urine calcium/creatinine, mg/mg
< 6 months <0.8
6 to 12 months <0.6
13 to 24 months <0.52

Urine oxalate/creatinine, mg/mg

1 to 6 months <0.288

6 to 24 months <0.139
Urine magnesium/creatinine, mg/mg

1 to 12 months 0.084 to 0.484

13 to 24 months 0.084 to 0.358
Urine citrate/creatinine, mg/mg

1 to 24 months >0.2
Uric acid clearance, mg/dL GFR

1 to 24 months <33
Urine phosphate/creatinine, mg/mg

1 to 12 months 0.33t0 5.22

13 to 24 months 0.33t0 3.85
Serum parathyroid hormone, pg/mL

1 to 24 months 10 to 80
Serum vitamin D, ng/mL

1 to 24 months 10 to 55
Serum Phosphorus, mg/dL

< 5 months 48to7.4

5 to 24 months 45t06.2
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Pyuria and hematuria were defined as more than
5 leukocytes and erythrocytes per high-power
field, respectively.

Statistical analyses were done using the SPSS
software (Statistical Package for the Social Sciences,
version 15.0, SPSS Inc, Chicago, IlI, USA). The
independent t test was used to compare continuous
data with normal distribution and the Mann-
Whitney U test was used to compare continuous
data with skewed distribution between the two
groups. The chi-square and Fisher exact tests were
used for comparison of categorical data between the
two groups. Correlations of continuous data with
normal distribution were tested using the Pearson
correlation coefficient. Moreover, correlations of
continuous data with abnormal distribution were
tested using the Spearman correlation coefficient.
P values less than .05 were considered significant.

The infants with urolithiasis (24 boys and 12
girls) were 2.5 to 24 months old with a mean age
of 8.4 + 4.7 months (median age, 7.25 months). The
mean age of the control infants (22 boys and 14
girls) was 8.7 + 4.7 months (median age, 8.5 months;
range, 2 to 24 months). There were no significant
differences between the two groups in terms of age
and gender (P = .59 and P = .62, respectively). All
of the participant infants had normal heights and
weights for age. History of kidney calculus was
positive in 80.6% of the first- or second-degree
relatives of the infants with urolithiasis.

All of the participants had started on oral
vitamin D (400 IU/d) since the neonatal period as
the routine preventive program recommended by
the Ministry of Health. However, 13 infants with
urolithiasis and 17 controls were not taking vitamin
D regularly (P = .34). The mean duration of direct
sunlight exposure, reported by the parents, was
16.53 + 24.97 min/d in the urolithiasis group and
12.06 + 12.16 min/d in the control group (P = .90).

Thirty infants with urolithiasis were breastfed.

Measured values of urinary and serum
parameters are shown in Table 2. Serum levels
of sodium, potassium, uric acid, and creatinine
were within reference ranges in all of the infants.
None of the infants with urolithiasis had metabolic
acidosis or alkalosis; serum bicarbonate as well
as blood pH and carbon dioxide partial pressure
were within reference ranges. Urinary sodium-
potassium ratios were more than 2.5 in 4 patients.
No cystine crystals were found and nitroprusside
test was negative in all the cases. Hypercalciuria
was detected in 10 infants with urolithiasis (27.8%),
hypocitraturia in 6 (16.7%), hypomagnesiuria in 3
(8.3%), and hyperoxaluria in 1 (2.8%). None of them
had hyperuricosuria. Pyuria and hematuria were
reported in 6 (16.7%) and 7 (19.0%) of these infants,
respectively. All of the infants with urolithiasis had
negative urine cultures at the time of this study,
but a history of previous urinary tract infection
was present in 6.

Serum levels of vitamin D were high in 3
and low in 2 of the patients in the urolithiasis
group and normal or low in all of the controls
(Table 3). The mean serum levels of vitamin D
was significantly higher in the urolithiasis group
compared to the controls (33.58 + 14.77 ng/mL
versus 18.26 + 7.42ng/mL, P < .001; Figure). In the
urolithiasis group, serum levels of vitamin D had

Table 2. Laboratory Studies

Parameter
Urine calcium/creatinine, mg/mg
Urine oxalate/creatinine, mg/mg
Urine magnesium/creatinine, mg/mg
Urine citrate/creatinine, mg/mg
Uric acid clearance, mg/dL GFR
Serum calcium, mg/dL
Serum parathyroid hormone, pg/mL
Serum vitamin D, ng/mL
Serum phosphorus, mg/dL

Median (Range)
0.34 (0.02 to 1.23)
0.04 (0.01 t0 0.6)
0.15 (0.07 to 0.45)
0.73 (0.05 to 5.89)
0.93 (0.4 to 1.8)
10.7 (9.2 to 12.5)
44.55 (13.2 to 158)
34.31 (4.5t073.1)
6.0 (4.5t0 10.5)

Table 3. Characteristics of Patients With Abnormal Serum Levels of Vitamin D

Patient Age, VitaminD _Serum Serum Posphorus, Urine C?k_:iuml Parathyroid Serum Alkaline
mo Level, ng/mL Calcium, mg/dL mg/dL Creatinine Hormone, pg/mL Phosphatase, U/L

1 9 64.0 12.0 4.5 0.60 51.1 231

2 6 64.0 12.5 10.5 0.60 28.7 499

3 4 73.1 10.9 6.2 0.15 441 853

4 5 44.8 121 5.6 0.25 99.4 542

5 11 6.7 9.2 5.5 0.02 158.0 254
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a statistically significant correlation with serum
levels of calcium (r = 0.42, P = .01). However, no
significant correlations were found between serum
levels of vitamin D and urinary calcium-creatinine
ratios or serum levels of parathyroid hormone.
Serum levels of calcium were significantly higher
in the urolithiasis group with hypercalciuria
compared to normocalciuric ones (11.06 + 0.81
mg/dL versus 10.61 £ 0.61 mg/dL, P = .02).
Although hypercalciuric patients had higher serum
levels of vitamin D and lower serum levels of
parathyroid hormone compared to normocalciuric
ones, these differences did not reach statistical
significance.

No anatomical abnormalities of the kidneys or
urinary tract were detected by ultrasonography
evaluation except for a low-grade vesicoureteral
reflux in 1 infant with urolithiasis. The cause
of performing the first ultrasonography was
irritability (41.7%), urinary difficulty or dribbling
(19.4%), previous urinary tract infection (11.1%),
gross hematuria (8.3%), vomiting (5.6%), passage
of urinary calculi (5.6%), and other symptoms
(8.4%). The calculi were bilateral (38.9%), in the
left kidney (36.1%), and in the right kidney (19.4%).
Two patients had ureteral calculi in addition to the
kidney calculus. No bladder calculi were detected.
The calculi were 3 mm in diameter or smaller in
16 infants (44.4%), larger than 3 mm but smaller
than 5 mm in 9 (25%), 5 mm to 10 mm in 6 (16.7%),
and greater than 10 mm in 5 (13.9%) patients. In
30 patients, 2 calculi or more were detected.
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In this case-control study, we demonstrated for
the first time that infants with urolithiasis had
higher serum levels of 25-hydroxyvitamin D3
compared to healthy controls. Infantile urolithiasis
has been addressed in several previous studies
from different parts of the world.**'* However, few
of those reports focused on infantile urolithiasis
as a separate entity. In addition, most previous
reports were retrospective. There are many
reports on the role of vitamin D receptor gene
in the patients with urolithiasis with conflicting
results. In a recent meta-analysis, it was concluded
that vitamin D receptor polymorphisms could be
potential biomarkers for urolithiasis susceptibility.'
However, in a case-control study that evaluated
the role of vitamin D in adults with urinary calculi,
it was found that the main vitamin D metabolites
have no pathophysiologic role in urinary calcium
calculus formation."

With thorough evaluation, predisposing factors
are expected to be found in more than 75% of the
children with urolithiasis.'®?” The most common
metabolic abnormalities reported in children with
urolithiasis are hypercalciuria, hypocitraturia,
and hyperoxaluria.’®?* In a recent report from
our center, which evaluated both infants and
children with urinary calculi, the most common
metabolic abnormalities were hypomagnesiuria and
hypocitraturia.?® Like other reports, in the current
study, hypercalciuria and hypocitraturia were
among the most common metabolic abnormalities
in infants with urolithiasis; however, hyperoxaluria
was only found in 1 patient.

Although most cases of hypercaluria are
idiopathic, in some patients it can be secondary
to hypercalcemia. Other causes of secondary
hypercalciuria include hyperparathyroidism, bone
resorption due to different etiologies, and vitamin
D toxicity.?® Although they are less likely to cause
vitamin D toxicity, excessive sunlight exposure and
routine prophylactic vitamin D administration to
infants may lead to high serum levels of vitamin
D. In our study, serum levels of vitamin D were
significantly higher in the infants with urolithiasis
than in the controls. Furthermore, although not
significantly, infants with urolithiasis received more
sunlight exposure and higher numbers of them were
consuming regular prophylactic vitamin D therapy
compared to the healthy controls. Therefore, more
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sunlight exposure and routine prophylactic vitamin
D therapy may have contributed to higher serum
levels of vitamin D in the infants of our study.

In the current study, a significant positive
correlation was found between serum levels of
vitamin D and calcium. Moreover, hypercalciuric
cases had significantly higher serum levels of
calcium than normocalciuric cases. Hypercalciuric
cases also had higher serum levels of vitamin
D and parathyroid hormone; however, these
differences were not significant. Additionally, of
the three cases with hypervitaminosis D, 2 had
hypercalcemia and hypercalciuria. Therefore, it
appears that high serum levels of vitamin D, by
leading to hypercalcemia and then hypercalciuria,
may contribute to formation of urolithiasis in
some infants. Although a significant correlation
between urinary calcium-creatinine ratio and serum
levels of vitamin D was not found in our study,
this correlation may reach significance in future
studies with larger sample sizes.

As it was reported from Turkey as well,® the most
frequent symptom of urolithiasis was irritability
in our study, but incidental finding of urolithiasis
was not observed. The locations of the calculi in
our study were in accordance with the report
from Western Turkey,'” but the rate of bilateral
and multiple calculi was lower in Turkish infants
than the participants in the present study and our
previous report.” In the current study, no bladder
calculi were detected. Furthermore, no ureteral
calculi independent on kidney calculi were found.

We can conclude that elevated serum levels of
vitamin D may play a role in the pathogenesis of
infantile urolithiasis, particularly in the patients
with hypercalcemia. Further studies with larger
sample sizes are needed to better clarify the role of
high serum levels of vitamin D in infantile calculi.
Furthermore, these findings should be interpreted
with caution because of the limitations of this study,
including not extending the study to all seasons
with different amounts of sunlight exposure,
relatively low sample size, and not performing
complete metabolic evaluation of controls.
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