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Vitamin D Prophylaxis and Changes in 
Kidney Stone Number and Size in Children: 
A Prospective Ultrasound-Based Study
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Abstract
Objective: Vitamin D prophylaxis (400 IU/day) is recommended for all children, at least during 
the first year of life. This prophylaxis is usually ceased in children with nephrolithiasis despite 
limited evidence. This study aimed to determine whether the cessation of vitamin D prophy-
laxis affects the number and size of stones in young children with nephrolithiasis.

Methods: This prospective study evaluated children aged<3 years who were referred to a 
pediatric nephrology center for nephrolithiasis. Renal ultrasonography was performed by a 
single experienced pediatric radiologist. Twenty-eight children (17 males, 60.7%) with persis-
tent nephrolithiasis were enrolled. Vitamin D prophylaxis was ceased during the first 3 months 
(P1) and subsequently administered for 3 months (P2). The number and size of stones were 
assessed using ultrasonography at the end of both periods.

Results: The mean age at the initial ultrasonography was 13.7±10.7 (range, 2.7−39.4) months. 
Serum creatinine, calcium levels were normal in all patients, and none had vitamin D hypervi-
taminosis. Metabolic abnormalities were detected in 12 patients (42.9%), most commonly hy-
percalciuria (n=8), hypocitraturia (n=7). Stone number and size decreased significantly during 
both P1 and P2. None of the 12 children who were stone-free at the end of P1 developed new 
stones after vitamin D prophylaxis was reintroduced during P2. Reduction in stone number 
was more frequent in younger children (p=0.01), whereas no other clinical or laboratory param-
eters were associated with stone improvement.

Conclusions: Routine cessation of vitamin D prophylaxis may not be necessary in children 
with nephrolithiasis when close ultrasonographic monitoring is performed.
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Introduction

Nephrolithiasis, commonly known as 
kidney stone disease, is character-

ized by the formation of calculi within 
the renal collecting system or urinary 

tract.[1,2] In recent years, nephrolithiasis 
has been increasingly recognized among 
infants and children, posing a significant 
clinical concern.[3-5] In addition to lifestyle 
and dietary changes, more frequent use of 
imaging modalities in children with spe-
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cific or nonspecific symptoms is more effective in this 
regard.[6,7] Although genetic and anatomical causes are 
the primary determinants, metabolic factors are also fre-
quently observed in children, with hypercalciuria being 
the most common metabolic abnormality.[1,8,9] Therefore, 
the pathophysiology that may cause hypercalciuria has 
been investigated for ages, and elevated levels of cal-
citriol have been identified as detrimental to the risk of 
nephrolithiasis, likely due to a direct increase in urinary 
calcium excretion.[10-12] This raises longstanding concerns 
regarding the safety of vitamin D supplementation in 
children with idiopathic hypercalciuria or nephrolithia-
sis. However, the relationship between serum 25-hydrox-
yvitamin D (25OHD) concentration, vitamin D supple-
mentation, and the occurrence of stone events remains to 
be elucidated.[10] 

Vitamin D plays a well-established role in regulating 
skeletal health and mineral homeostasis.[13] Epidemio-
logical studies have consistently linked low vitamin D 
levels to an increased risk of numerous common condi-
tions, such as musculoskeletal, metabolic, cardiovascu-
lar, cancer-related, autoimmune, and infectious diseases.
[14-16] The prevalence of low vitamin D status in childhood 
is high, with considerable global variability.[17-19] Addi-
tionally, maternal vitamin D deficiency is an important 
cause of vitamin D deficiency in early infancy.[20] There-
fore, vitamin D prophylaxis (400 IU per day) is recom-
mended for all infants at least during the first year of life, 
preferably up to the age of 18 years, to prevent rickets re-
lated to vitamin D deficiency. Moreover, vitamin D pro-
phylaxis plays a crucial role in preventing rickets and is 
associated with a reduced risk of respiratory tract infec-
tions.[21-23] This prophylaxis is usually ceased in children 
with nephrolithiasis despite limited evidence.

This study aimed to determine whether the cessation of 
vitamin D prophylaxis affects the number or size of stones 
in children under the age of 3 years with nephrolithiasis.

Materials and Methods

Children aged <3 years with nephrolithiasis who were 
referred from a pediatric outpatient clinic to the pedi-
atric nephrology division were evaluated. Children with 
a history of vitamin D hypervitaminosis and/or hyper-
calcemia were excluded. Hypercalcemia was defined as 
a serum total calcium level above the age-specific upper 
reference limit on at least one measurement.[24] Serum 
25OHD concentrations were defined as vitamin D defi-

ciency <12 ng/mL (30 nmol/L), insufficiency 12-20 ng/
mL (30–50 nmol/L), and hypervitaminosis ≥100 ng/mL 
(250 nmol/L).[25] All were confirmed by an initial ultra-
sound (U1) at our center by a single, experienced pedi-
atric radiologist. Twenty-eight patients (17 males, 60.7%) 
with nephrolithiasis were included in the study. Data on 
clinical characteristics and urinary excretion results were 
obtained from the medical records. Serum creatinine lev-
els were normal in all the patients. Vitamin D prophy-
laxis was ceased in all patients prior to admission to our 
department. The study was conducted between Septem-
ber and March in Turkey, a period associated with lim-
ited sunlight exposure and reduced cutaneous vitamin 
D synthesis.

All children underwent the same fixed and sequential 
follow-up. Intervention period 1 (P1) was defined as a 
three-month vitamin D–free observation period, during 
which vitamin D prophylaxis was completely ceased in 
all patients. Throughout P1, families were instructed to 
avoid all potential sources of vitamin D, including vi-
tamin D-supplemented foods, formulas and multivita-
min preparations. Compliance was reinforced through 
weekly telephone follow-up with the same caregiver. 
At the end of P1, a second renal ultrasonography (U2) 
was conducted. Intervention period 2 (P2) was defined 
as a subsequent three-month period during which all 
patients received oral vitamin D prophylaxis at a dose 
of 400 IU/day. This dose corresponds to the standard 
recommended prophylactic dose for infants and, young 
children. During P2, the consumption of vitamin D-sup-
plemented foods and multivitamin preparations was 
not restricted. At the end of this period, a third renal ul-
trasonography (U3) was conducted. During both study 
periods, increased water intake and a salt-free diet were 
recommended for all patients throughout the follow-up 
period. Potassium citrate was prescribed to 12 patients 
based on clinical and laboratory findings and was main-
tained throughout both periods. A flowchart of the study 
design and within-subject follow-up is shown in Figure 
1.

Ultrasound measurements were performed using both 
an 8 Mhz curved probe and a 14 Mhz flat probe on the 
same device (Toshiba Aplio 500, Toshiba Medical Sys-
tems, Tokyo, Japan) by the same pediatric radiologist 
who was blinded to the study period and previous ultra-
sound findings. Patients were evaluated in terms of the 
structure of the kidney parenchyma, corticomedullary 
separation, pelvicalyxial system anatomy and variations, 
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collector system dilatation, pelvic anteroposterior diam-
eter, bladder wall, and lumen content. The presence of 
posterior acoustic shadowing on ultrasound and twinkle 
artifacts on Doppler ultrasound was investigated. In pa-
tients with nephrolithiasis, dilatation and calculus were 
investigated during ureteral tracing. The size and num-
ber of stones detected in at least two planes and their 
locations were documented. The number of stones was 
calculated as the total number of stones in each kidney. 
The size of the stones was defined as the maximal stone 
diameter on ultrasound; in children with bilateral stones, 

the mean of the maximal diameters from the right and 
left kidneys was used for analysis. Renal calyceal mi-
crolithiasis was defined as hyperechogenic spots less 
than 3 mm in diameter in the renal calyces.[26] Stone size 
and number were compared between U1, U2, and U3. 

The study was approved by the Ethics Committee of 
Istanbul University, Istanbul Faculty of Medicine (No: 
2016/724, Date: 13/06/2016). Written informed consent 
was obtained from the parents or legal guardians of all 
participants, and all studies were conducted in accor-
dance with the principles of the Declaration of Helsinki.

Figure 1. Flow chart of study design and within-subject follow-up.
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Statistical analysis

Statistical evaluation was performed using GraphPad 
Prism® V10 software (GraphPad Software Inc., San 
Diego, California, USA). Data are presented as mean ± 
SD or median with the range, as appropriate. Normal-
ity was assessed using the Kolmogorov-Smirnov test. 
Between-group comparisons were performed using the 
Mann-Whitney U test. Longitudinal changes in stone 
number and maximum stone diameter between U1 and 
U2 and between U2 and U3 were assessed using the Wil-
coxon matched-pairs signed-rank test. Categorical vari-
ables were compared using the chi-square or Fisher’s 
exact tests. Statistical significance was set at P<0.05.  

Results

The mean age at the initial confirmatory ultrasonogra-
phy (U1) was 13.7±10.7 months (range; 2.7–39.4), at the 
time of U1. Sixty-two percent of the patients were un-
der 1 year of age. The age distribution of the patients 
was as follows: <6 months (n=3), 6–18 months (n=18), 
and >18 months (n=7). The main presenting symptoms 
were irritability (n=10), vomiting and urinary tract infec-
tion (n=5), diaper or urine discoloration (n=4), and poor 
weight gain (n=2), while eight patients were asymp-
tomatic. A family history of urinary stone disease was 
present in 46.4% (n=13) of patients. More than half of 
the patients (n=8, 61.5%) had multiple stones at the time 
of diagnosis, and the stones were bilaterally located in 
seven patients. The mean number of stones was 2.4±1.7 
(range: 1–8), and the mean size of stones was 4.0±2.4 mm 

(range: 1–11). Renal calyceal microlithiasis was detected 
in 42.9% (n=12) of the patients. 

Anatomical abnormalities were identified in four pa-
tients (14.3%), including vesicoureteral reflux (n=1), ec-
topic kidney (n=1), and non-obstructive ureteropelvic 
junction dilatation (n=2). Oral potassium citrate therapy 
was administered to 42.9% (n=12) of the patients. Uri-
nary tract infection was not observed in any patient dur-
ing follow-up. Serum urea, creatinine (Cr), calcium (Ca), 
phosphorus (P), and alkaline phosphatase (ALP) levels 
were normal in all the patients. Metabolic abnormalities 
were found in 12 patients (42.9%) (hypercalciuria, n=8; 
hypocitraturia, n=7; hyperoxaluria, n=3; cystinuria, n=2). 
Three children had multiple metabolic risk factors. Vita-
min D deficiency was observed in three patients (10.7%) 
and insufficiency in ten (35.7%). 

At the end of P1, 12 patients had no remaining stones. 
The number of stones decreased in 57.1% (n=16) of the 
children, increased in 10.7% (n=3), and did not change in 
32.2% (n=9) of the children. Kidney stone size decreased 
in 60.7% (n=17) of patients, increased in 14.3% (n=4), and 
remained unchanged in 25% (n=7). Changes in stone 
number and size, serum Ca and 25OHD levels, and spot 
urine Ca/Cr ratio at the end of P1 and P2 are presented 
in Table 1. Serum 25OHD levels were unchanged, while 
serum Ca levels and urine Ca/Cr ratios were signifi-
cantly increased in P2 compared to P1 (p=0.05, p=0.02, 
p=0.02, respectively). 

Eight patients had hypercalciuria at baseline, 75% (n=6) 
of whom had a positive family history of nephrolithia-

Table 1. Comparison of the period with and without vitamin D prophylaxis

		  P1†	 P2‡	 p

Number of the stone n (%)	 Stone Free 12 (42.9) 	 Stone Free 16 (57.1)*

		  Decrease 16 (57.1)	 Decrease 6 (21.4)	 0.03

		  Increase 3 (10.7)	 Increase 0 (0)

		  No change 9 (32.2)	 No change 22 (78.6)	

Size of the stone n (%)	 Decrease 17 (60.7)	 Decrease 12 (42.9)	 0.001

		  Increase 4 (14.3)	 Increase 0 (0)

		  No change 7 (25)	 No change 16 (57.1)	

Serum Ca (mg/dL) median (IQR)	 10.0 (9.9–10.7)	 10.7 (10.5–11.2)	 0.02

25OHD (ng/mL)§ median ((IQR)	 23.6 (21–40)	 31.4 (28–48)	 0.05

Spot urine Ca/Cr median (IQR)	 0.2 (0.2–0.3)	 0.3 (0.2–0.5)	 0.02

* Patients who were stone-free at the end of P1 did not develop new stones during P2. † The end of the period without vitamin D prophylaxis (P1). ‡ The end of the 
period with vitamin D prophylaxis (P2). § 25OHD nmol/L = 2.5× ng/mL.
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sis and 50% (n=4) of whom were receiving oral potas-
sium citrate therapy. The baseline mean serum Ca level 
was 10.4±0.4 mg/dL and the mean 25OHD level was 
28.4±17.4 ng/mL. Hypocitraturia was observed in three 
patients. Changes in the stone number and size in the 
hypercalciuric subgroup during periods with (P2) and 
without (P1) vitamin D prophylaxis are presented de-
scriptively in Table 2. In this subgroup, the mean urine 
Ca/Cr ratio after vitamin D prophylaxis was 0.4±0.3, 
showing no statistically significant difference compared 
with the baseline (0.9±0.6, p=0.087).

At U3, 16 of 28 children (57.1%) were stone-free. None 

Table 2. Comparison of periods with and without vitamin D 
prophylaxis in patients with hypercalciuria (n=8)

		  P1†	 P2‡

Number of Stone, n   

Decrease 	 4	 5

Increase 	 0	 1

No change 	 4	 2

Size of Stone, n   

Decrease 	 2	 6

Increase 	 4	 1

No change 	 2	 1

†The end of the period without vitamin D prophylaxis (P1). ‡The end of the 
period with vitamin D prophylaxis (P2).

(b)

(c) (d)

(a)

Figure 1. Changes in stone size (a,c) and number (b, d) during patients follow-up. (a) U1 represents the initial ultrasound, U2 represents the second 
ultrasound conducted without vitamin D supplementation for three months, and U3 represents the third ultrasound performed after administering 
400 IU/day vitamin D prophylaxis to all patients over a three-month period.  (b) The total number of stones was counted in both kidneys. The size 
of the stones was defined as the maximal stone diameter on ultrasound; in children with bilateral stones, the mean of the maximal diameters from 
the right and left kidneys was used for analysis. (c) Figures a and b display the data as mean±SD. Figures c and d show the individual data points.
(d) The P values in Figure A and B show comparisons between each ultrasound (U1 vs. U2 and U2 vs. U3), calculated using the paired Wilcoxon 
signed-rank test. 
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of the 12 children who were stone-free at U2 developed 
new stones during P2. Stone number decreased signif-
icantly from U1 to U2 and from U2 to U3 (p=0.02 and 
p=0.03, respectively). Stone size decreased during both 
intervals (p=0.01 and p=0.001, respectively). Figure 2 il-
lustrates the changes in the number and size of stones 
throughout the follow-up period.

When we compared patients with and without a decrease 
in the number of stones during the study, a decrease in 
the number of stones was more frequent in younger chil-
dren (p=0.01), whereas other clinical and laboratory pa-
rameters did not differ between the two groups (p>0.05) 
(Table 3). The clinical and laboratory parameters were 
similar between the patients with and without decreased 
stone size during the study period (p>0.05) (Table 3).

Discussion

This prospective sequential ultrasound-based study eval-
uated the short-term effects of vitamin D prophylaxis on 
stone dynamics in young children with nephrolithiasis, 
all of whom resided in the same country and were fol-
lowed up during the same seasonal period. The short-
term ultrasonographic course of nephrolithiasis in young 

children managed with a fixed vitamin D prophylaxis 
protocol. Another strength was the use of standardized 
ultrasonographic assessments by a blinded pediatric ra-
diologist throughout the follow-up period. Of the 57 chil-
dren referred to our clinic with a previous diagnosis of 
nephrolithiasis based on ultrasonographic findings, only 
28 had confirmed stones when re-evaluated by an expe-
rienced pediatric radiologist. This finding highlights the 
operator-dependent nature of ultrasonography,[27,28] par-
ticularly in young children, and supports the reliability 
of ultrasound assessments in our study.

Hypercalciuria was the most common metabolic ab-
normality in our cohort, detected in 28.6% of patients, 
consistent with previous studies .[3,8,29-31] Genetic variants 
affecting calcium and phosphate metabolism, including 
CaSR pathway variants, VDR, CYP24A1 and SLC34A1, 
have been associated with hypercalciuria and early-on-
set nephrolithiasis.[32-38] It is recommended that vitamin 
D replacement be administered cautiously and with bio-
chemical monitoring in susceptible individuals, as vita-
min D supplementation may increase hypercalciuria or 
stone burden.[10] Beyond hypercalciuria, hypercalcemia, 
parathyroid hormone abnormalities, and a strong family 

Table 3. Comparison of the patients’ clinical and laboratory characteristics with and without decrease the number and size of stones during the 
study 

		  Number of Stone		  Size of Stone

		  Without decreased	 With decreased	 p	 Without decreased	 With decreased	 p
		  n=9	 n=19		  n=5	 n=23	

Age 

	 mean±SD months  	 23.5±6.3	 7.2±1.4	 0.01m	 13.3±0.5	 7.6±4.2	 0.15m

Sex 

	 male/female n	 6/3	 11/8	 0.66 X²	 4/1	 13/10	 0.62X²

Family history of nephrolitiasis 

	 Yes/No n	 5/4	 8/11	 0.51X²	 3/2	 10/13	 0.50X²

Using of potassium citrate 

	 Yes/No n	 4/5	 8/11	 0.91X²	 3/2	 9/14	 0.39X²

Hypercalsiuria 

	 Yes/No n	 1/8	 7/12	 0.16X²	 2/3	 6/17	 0.61X²

Serum Ca(mg/dL) 	 10.2	 10.5	 0.31m	 10.4	 10.5	 0.82m

	 median (IQR)	 (9.9–10.5)	 (10–10.7)		  (10.2–10.6)	 (9.9–10.7)	

25OHD (ng/mL)§  	 22.9	 34	 0.33m	 45	 31.2	 0.14m

	 median (IQR)	 (21–45)	 (29–40)		  (35.3–55.4)	 (22.9–39.5)	

Spot urine Ca/Cr 	 0.2	 0.3	 0.09m	 0.3	 0.2

	 median (IQR)	 (0.2–0.2)	 (0.2–0.4)		  (0.2–0.3)	 (0.2–0.4)	 1.00m

§ 25OHD nmol/L = 2.5× ng/mL. m Mann-whitney u test / X² Ki-kare test (Fischer test).
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history, including hypercalcemia in relatives, may help 
guide clinical suspicion for these genetic conditions. 
In our study, although the genetic etiology was not as-
sessed, none of the patients demonstrated abnormalities 
in serum Ca, P, ALP, or parathormone (PTH) levels. Mi-
lart et al.[11] reported that low-dose vitamin D supple-
mentation in children with idiopathic hypercalciuria 
increased serum 25OHD levels without increasing cal-
ciuria or accelerating stone formation. Similarly, in our 
hypercalciuric subgroup, the urinary Ca/Cr ratio did not 
increase significantly after vitamin D prophylaxis was 
reintroduced, and no consistent ultrasonographic wors-
ening was observed. 

The relationship between vitamin D status, urinary cal-
cium excretion, and nephrolithiasis remains complex.
[10,39,40] Several studies have proposed a relationship be-
tween serum 25OHD levels and urinary calcium excre-
tion,[41-45] whereas others have reported no association 
with the stone formation or recurrence.[46,47] Malihi et 
al.[48] showed that prolonged vitamin D supplementation 
may increase the risk of hypercalcemia and hypercalci-
uria, although this was not accompanied by an increased 
risk of kidney stones. Consistent with these findings, 
our study demonstrated stable serum 25OHD levels, 
whereas serum Ca and urinary Ca/Cr ratios increased 
significantly during P2 (p=0.05 and p=0.02, respectively). 
Notably, no significant differences in serum Ca or uri-
nary Ca/Cr ratios were observed between patients with 
and without decreased stone size and number.

In terms of stone size and number over time, our study 
demonstrated a statistically significant decline in both 
stone size and stone number over time, and these changes 
occurred irrespective of vitamin D supplementation. Our 
findings are consistent with the existing literature, sug-
gesting that maintaining adequate vitamin D status does 
not necessarily worsen stone burden, particularly in pe-
diatric populations, where vitamin D remains essential 
for bone health, growth, and immune development.[11,39] 
The observed improvement may largely reflect the nat-
ural history of small, nonobstructive stones in infants 
and toddlers. High urine output, shorter urinary tracts, 
increased hydration after diagnosis, salt restriction, and 
parental awareness may have all contributed to spon-
taneous stone passage. Renal maturation and improve-
ment in metabolic homeostasis during early childhood 
may also reduce stone persistence and growth.[49,50] Ad-
ditionally, the continued use of oral potassium citrate in 
12 patients may have contributed to this observed effect.

This study has several limitations. The sample size was 
small, and the follow-up duration may not have fully 
captured the long-term recurrence patterns. In addi-
tion, genetic testing was not performed, which limits 
the evaluation of the underlying hereditary causes of 
nephrolithiasis and hypercalciuria in this young cohort. 
Although ultrasonography is operator-dependent and 
may underestimate very small stones compared with 
computed tomography, it remains the first-line imaging 
modality in children, and the use of an experienced pe-
diatric radiologist likely reduced misclassification in our 
study. Generalizability is limited by the single-center de-
sign, small sample size, short follow-up, and inclusion of 
only young children receiving standard-dose vitamin D 
prophylaxis.Future studies should focus on larger mul-
ticenter cohorts with longer follow-up periods and stan-
dardized metabolic assessments. 

Conclusion

In conclusion, this prospective study demonstrated a 
statistically significant decline in stone size and number 
over time during sequential periods of vitamin D discon-
tinuation and prophylaxis. These findings suggest that 
discontinuation of vitamin D prophylaxis may not be 
necessary in children with nephrolithiasis. A more indi-
vidualized and evidence-based approach that balances 
the risk of kidney stones with the critical role of vitamin 
D in skeletal health, growth, and development in early 
childhood is recommended. 
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