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Abstract

Introduction In this paper, we investigated whether cholecalciferol supplementation may increase the risk of stone recur-
rence in patients with calcium nephrolithiasis and Vitamin D deficiency.

Methods Thirty-three stone formers (56 + 17 years old, 12 males) with 25(OH)D < 20 ng/mL were considered. Calcium
excretion and urine supersaturation with calcium oxalate (3CaOx) and brushite (Bbsh) were evaluated, both before and
after cholecalciferol supplementation. Values of 8> 1 mean supersaturation. Cholecalciferol was prescribed as oral bolus of
100,000-200,000 IU, followed by weekly (5000-10,000 IU) or monthly (25,000-50,000 IU) doses. Calcium intake varied
between 800 and 1000 mg/day.

In urine, total nitrogen (TNE) was taken as an index of protein intake, sodium as a marker of dietary intake, and net acid
excretion (NAE) as an index of acid—base balance.

Results TNE, sodium, and NAE did not change during the study (p =ns). Compared to baseline values, after cholecalciferol,
both serum calcium and phosphate did not vary (p=ns); 25(OH)D increased from 11.8+5.5 t0 40.2+12.2 ng/mL (p <0.01);
1.25(0OH),D increased from 41.6 +17.6 to 54+ 16 pg/mL (p <0.01); PTH decreased from 75+27.2 to 56.7+21.1 pg/mL
(» <0.01); urinary calcium increased from 2.7 + 1.5 to 3.6 + 1.6 mg/Kg b.w. (p <0.01); Bbsh increased from 0.9 +0.7 to
1.3+ 1.3 (p=0.02); whereas BCaOx varied but not significantly. Before cholecalciferol supplementation, 6/33 patients were
hypercalciuric (i.e., urine Ca>4 mg/Kg b.w.) and increased to 13/33 after cholecalciferol supplementation (pX>=0.03).
Conclusions Cholecalciferol supplementation may increase calcium excretion, or reveal an underlying condition of absorp-
tive hypercalciuria. This may increase both urine supersaturation with calcium salts and stone-forming risk.
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Introduction

Over the past decade, a high prevalence of Vitamin D defi-
ciency worldwide was reported [1], but the interpretation
of data is controversial [2]. The Endocrine Society defined
Vitamin D deficiency as blood levels of 25(OH)D below
20 ng/mL and vitamin D insufficiency as 25(OH)D levels of
21-29 ng/ml [3], whereas the US Institute of Medicine (now
the National Academy of Sciences) considered a 25(OH)D
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serum level of 20 ng/mL to suffice for 97.5% of the popula-
tion [4].

Elderly subjects, adults, and children with insufficient sun
exposure, darker-complexion people, and patients affected
by gastro-intestinal diseases with malabsorption reportedly
have an increased risk for Vitamin D deficiency and insuf-
ficiency [1].

Low levels of 25(OH)D were also observed in subjects
not otherwise suspected of being at risk of insufficiency or
deficiency, including kidney stone formers. In these patients,
some authors found serum 25(OH)D levels lower than in
healthy controls [5-7], whereas others did not [8, 9]. Over-
all, stone formers may present with peculiar metabolic fea-
tures, which will be briefly summarized.

In hypercalciuric patients, the intestinal absorption of
calcium is basically higher than in normocalciuric ones.
Nevertheless, the intestinal absorption of calcium may be
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inadequate to counterbalance its urinary excretion, so that
negative balance may occur [10], more so in patients on
a low-calcium diet [11]. Indeed, low bone mineral density
(BMD) [12, 13] and increased risk of bone fracture [14,
15] were reported in these patients. Vitamin D deficiency
presumably impairs the intestinal absorption of calcium and
worsens low BMD.

In males with calcium nephrolithiasis, Berlin reported
a positive correlation between serum 25(OH)D levels and
urine calcium excretion [16], but that was not confirmed by
Eisner [17]. Nguyen did not observe any association between
25(0OH)D serum levels in the range of 20-100 ng/mL and
the reported occurrence of kidney stones [18].

As far as the metabolic effects of Vitamin D supplemen-
tation on both calcium absorption and excretion are con-
cerned, the available data mostly refer to healthy subjects.

In healthy postmenopausal women without hypercal-
ciuria, randomly assigned to receive either placebo or dif-
ferent daily amounts of Vitamin D (i.e., 800 IU, 2000 IU,
and 4000 IU), a significant linear increase of 46Cq intestinal
absorption with increasing Vitamin D dose was observed,
without evidence of a threshold of calcium absorption with
25(OH)D levels ranging from 16 to 52 ng/mL [19].

Recently, Billington and co-workers demonstrated that
Vitamin D supplements increase calcium excretion in nor-
mal subjects. Three different groups of both healthy men
and postmenopausal women, with normal calcium intake
and without Vitamin D deficiency, were assigned to receive
Vitamin D either 400, or 4000, or 10,000 IU/day. Compared
to the 4.3% baseline prevalence of hypercalciuria, upon sup-
plementation prevalence increased to 17%, 22%, and 31% of
patients, respectively [20].

Instead, in patients with calcium nephrolithiasis, the
information about the effects of nutritional Vitamin D sup-
plements (i.e., ergocalciferol and cholecalciferol) on both
mineral metabolism and urinary stone-forming risk is today
still sparse and inconclusive.

Some papers supported the hypothesis that 25(OH)D
supplementation, by enhancing intestinal calcium absorp-
tion and excretion, may increase urine propensity towards
calcium stone formation [6, 21], whereas others did not [22,
23]. In a large prospective study, Ferraro and co-workers
did not find any significant relationship between Vitamin D
intakes up to about 1300 IU/day and kidney stone formation
in healthy subjects [24].

In 5110 subjects of both sexes, without history of nephro-
lithiasis, Malihi and co-workers reported that monthly sup-
plementation with 100,000 IU of vitamin D, over a median
of 3.3 years, was not associated with an increase in the inci-
dence of kidney stone events compared with placebo [25].

By and large, those investigations did not provide detailed
information about other potential modulators of calcium
metabolism during cholecalciferol therapy, for example,
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serum levels of PTH and Vitamin D metabolites, markers
of bone turnover, and urine excretion of sodium, nitrogen,
and ash acid. Therefore, whether cholecalciferol supplemen-
tation per se significantly increases the stone-forming risk
and recurrence in patients with calcium nephrolithiasis is
still an open question.

This paper was aimed at evaluating in more detail the
effect of cholecalciferol on both mineral metabolism and
urine saturation with calcium salts in kidney stone formers,
which had been treated to restore 25(OH)D levels to normal.

Patients and methods

This is a retrospective study, performed on the database of
our Kidney Stone Center. In our stone-forming patients,
both urinary risk profile and mineral metabolism are rou-
tinely studied by means of different sets of analyses, tailored
according to individual medical history and disease severity.
The most extensive pattern (‘“mineral metabolism” profile),
including calciotropic hormones, was detailed below.

In serum: Sodium, potassium, total and ionised calcium,
phosphate, chloride, magnesium, alkaline phosphatase,
intact PTH, 25(OH)D, and 1.25(OH),D.

In 24-h urine: Sodium, potassium, calcium, phosphate,
chloride, magnesium, citrate, oxalate, sulphate, uric acid,
ammonium, and pH.

In fasting urine:
deoxypyridinoline.

Among all patients studied with the “mineral metabo-
lism” profile, in 2014 through 2017, 33 consecutive calcium
stone formers, of which 12 males (aged 46 +22 years) and
21 females (aged 62 + 10 years), were enrolled, according to
the following criteria:

Calcium, creatinine, and

(a) previous course with oral cholecalciferol, prescribed
because of 25(OH)D levels lower than 20 ng/mL,;

(b) increase of 25(OH)D levels above 30 ng/mL upon
cholecalciferol supplementation;

(c) availability of the “mineral metabolism” profile both
before and after cholecalciferol treatment.

Patients were enrolled only if neither new prescriptions
nor change in dosage of drugs potentially interfering with
mineral metabolism (i.e., diuretics, Vitamin D metabo-
lites, bisphosphonates, thyroid hormones, and steroids)
had been made during the study. None was taking calcium
supplements.

Oral cholecalciferol had been prescribed as an initial
bolus of 100,000-200,000 IU (our standard low and high
dose of repletion, respectively), followed by a dose of
5000-10,000 IU weekly, or 25,000-50,000 IU monthly (our
standard low and high doses of maintenance, respectively).
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The highest doses were prescribed in case of 250HD lev-
els < 10 ng/mL; weekly or monthly maintenance doses were
prescribed according to patients’ preference.

This study was divided into two phases: “Baseline”,
before cholecalciferol supplementation; “Therapy”, after at
least 6 months of treatment.

In both the study phases, the estimated dietary intake of
calcium was of about 800-1000 mg/day, according to medi-
cal instruction, confirmed by dietary interview. Apart from
calcium intake, the amount of which was estimated only
from patients’ interview, dietary compliance was assayed
by measuring total nitrogen, net acid, sulphate, and sodium
excretions in 24-h urine, and by estimating gastro-intestinal
absorption of alkali from the difference between strong cati-
ons and anions [26]. In subjects on stable dietary regimen
and body weight, those urinary parameters were reported as
reliable markers of dietary compliance, as detailed below.

All patients gave their informed consent to anonymously
use their clinical data.

Blood and urine were assayed both in Baseline and Ther-
apy phases. Blood was taken after an overnight fast, while
24-h urinary collection was performed using two separate
tanks added with concentrated hydrochloric acid and chlo-
rhexidine as preservatives, as detailed elsewhere [27].

Renal function was estimated by means of creatinine
clearance. Main serum and urine chemistries were measured
as previously described [27].

The daily amount of urinary calcium was reported in
mmol/24 h, as well as normalized values, for both body
weight (mg/Kg b.w.) and urinary creatinine (24 h-Ca/Cr,
mg/mg). In fasting urine, calcium excretion was normalized
for creatinine (fasting Ca/Cr, mg/mg).

Which level of urinary calcium should be taken as
“normal” is still debated, so that some considerations are
required about the definition of “hypercalciuria”. Daily
excretion of urinary calcium varies in a graded fashion.
Therefore, dichotomization into normal and abnormal val-
ues may not be fully appropriate, but it is essential to inves-
tigate on the relative risk of stone formation according to
different levels of 24-h urine values [28]. The same holds for
the investigations on the genetic basis of calcium excretion
[29]. Subsequently, among the varying definitions of “Idi-
opathic hypercalciuria” that have been provided [10, 30],
that reported as a keyword in PubMed MeSH® was used in
this paper, namely, a 24-h calcium excretion >4 mg/kg body
weight, in both sexes.

Plasma levels of 25(OH)D and 1.25(OH),D were evalu-
ated by immunometric assays on Liaison® XL (Diasorin
SpA, Saluggia VC, Italy); PTH levels on Immulite 2000Xpi®
(Siemens Healthcare, Milano, Italy).

Serum alkaline phosphatase (ALP) was taken as a marker
of bone formation and urine deoxypyridinoline (DPD) as a
marker of bone resorption.

The net variations of PTH, 25(OH)D, 1.25(0OH),D
and daily urinary calcium from Baseline to Therapy
phase were reported as APTH (pg/mL), A25(OH)D (ng/
mL), A1.25(0OH),D (pg/mL), and AuCa (mmol/24 h),
respectively.

Concerning nutritional markers, total nitrogen excretion
(TNE) was calculated as previously described [27] and was
considered as an index of the whole dietary protein intake
[31], whereas urinary sulphate was taken as a marker of
animal protein intake [32] and urinary sodium as a marker
of salt daily intake [33].

Net acid and base balances were assessed from both uri-
nary net acid excretion (NAE, mEq/24 h) and the net gastro-
intestinal absorption of alkali (GI-Alk, mEq/24 h), which
were calculated according to previous papers [26, 27].

In 24-h urine, supersaturation with calcium salts, namely,
calcium oxalate (3CaOx) and calcium phosphate (Bbsh), was
calculated by means of a dedicated software (Lithorisk2®),
which uses results of the main urinary cations and anions.
Values of 3> 1 mean supersaturation, whereas values < 1
mean undersaturation [34].

Statistical analysis was performed by means of Analyse-it
for Microsoft Excel®. Results were reported as mean + stand-
ard deviation. The comparison of means was performed by
Wilcoxon signed-rank test and comparison of percentages
by means of Chi-square (y%) test.

p values <0.05 were considered statistically significant.

Results

Tables 1, 2, 3 list results labelled as Baseline or Therapy,
according to the phase of the study.

No variations between Baseline and Therapy were seen
for creatinine clearance, body weight and nutritional mark-
ers (Table 1). The same applied for serum levels of calcium,
phosphate, and alkaline phosphatase, whereas urine DPD
was slightly reduced in Therapy (p=0.02 vs Baseline)
(Table 2).

Table 1 Markers of renal function and dietary intake of nutrients

Baseline Therapy*
Creatinine clearance (mL/min) 93+25 87+29
Body weight (Kg) 67.1+15.2 67.2+14.5
TNE (mmol/24 h) 779 +255 758 +335
Urine sulphate (mmol/24 h) 16.4+64 16.6 =10
Urine sodium (mmol/24 h) 174+ 86 188 +84
NAE (mEgq/24 h) 50.1+20.0 52.8+24.2
GI-Alk (mEqg/24 h) 53+32 50+28

*p=ns vs baseline
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Table 2 Calciotropic hormones and markers of bone turnover

Baseline Therapy D
Serum calcium (mg/dL) 9.5+0.5 9.6+0.5 0.28
Serum phosphate (mg/dL) 32+0.5 33+05 0.35
25(0OH) D (ng/mL) 11.8+55 402+122 <0.01

1.25(0H), D (pg/mL) 4164176 54.0+160 <0.01

PTH (pg/mL) 75.0+272 56.7+21.1 <0.01

ALP (U/L) 194 +44 188+55 0.10

Urinary DPD (nmol/mmol cre- 7.3+2.6 6.5+2.4 0.03
atinine)

Table 3 Urine biochemistry and supersaturation with calcium salts

Baseline Therapy P
Calcium (mmol/24 h) 42+1.9 5.8+2.5 <0.01
(mg/Kg b.w.) 27+15 36+1.6 <0.01
24 h-Ca/Cr (mg/mg) 0.17+0.11 0.24+0.14 <0.01
Fasting Ca/Cr (mg/mg) 0.12+0.07 0.12+0.08 0.40
Phosphate (mmol/24 h) 20.6+8.7 23.6+10.7 0.21
Oxalate (mmol/24 h) 0.34+0.12 0.31+0.14 0.09
Citrate (mmol/24 h) 22+1.2 22+1.5 0.72
Magnesium (mmol/24 h) 35+13 39+14 0.11
pH 6.0+0.6 6.2+0.6 0.33
Volume (mL/24 h) 2,295+593 2,498 +740 0.20
B CaOx 3.8+3.1 42+3.4 0.44
B bsh 0.9+0.7 1.3+1.3 0.015

Cholecalciferol supplementation was followed by a sig-
nificant increase of plasma levels of both 25(OH)D and
1.25(0OH),D (p <0.01) (Table 2). The net variations of their

Fig. 1 Daily calcium excre-

tion in the thirteen patients

who were hypercalciuric after
cholecalciferol supplementation.
Of them, seven were normocal-
ciuric when they had Vitamin D 7,0
deficiency

8,0

6,0

5,0

4,0

3,0

urine Calcium (mg/Kg bw.)

2,0

1,0

Before VitD
supplementation

0,0
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plasma concentrations between Baseline and Therapy phases
were positively correlated, as described by the following
equation:

A1.25(0H),D = —6.16 + 0.65 x A25(OH)D (p < 0.01)

PTH levels showed a significant reduction in Therapy
compared to Baseline (p <0.01) (Table 2). There was an
inverse relationship between PTH and 25(OH)D variations,
according to the following equation:

APTH = 12.04—1.07 x A25(OH)D (p < 0.01)

Interestingly, daily calcium excretion significantly
increased in Therapy (p <0.01 vs Baseline). Conversely,
fasting Ca/Cr ratio did not change between the two study
phases (Table 3).

There were no significant correlations between AuCa and
both A25(OH)D and A1.25(0OH),D.

Urinary oxalate, phosphate, citrate, magnesium, pH, and
volume remained unchanged (Table 3).

$CaOx showed a mild, not significant, increase in Ther-
apy (p =ns), whereas Bbsh increased significantly by of 44%
(p=0.02) (Table 3).

The incidence of hypercalciuria increased from 18.2%
(6/33) to 39.4% (13/33), in Baseline vs Therapy, respec-
tively (pX>=0.03). Eventually, 7 out of 13 patients who were
hypercalciuric in Therapy had normocalciuria when they had
vitamin D deficiency (Fig. 1).

However, even among the 20 patients who remained
normocalciuric over the two phases of the study, urinary
calcium increased in Therapy vs Baseline (2.5+1.0 vs
1.9+0.9 mg/Kg b.w.; p=0.002) (Fig. 2). The same occurred
for Bbsh (1.2+1.0 vs 0.8 +0.7; p=0.010).

Patients with hypercalciuria
after correction of VitD deficiency

p=0.017

mmm 5.2 +0.9

After VitD
supplementation
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Fig. 2 Daily calcium excretion
in 20 patients who remained
normocalciuric during both
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after correction of VitD deficiency
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Discussion increased synthesis of calcitriol) and a direct activity of

In stone-forming patients, some authors reported a meaning-
ful prevalence of Vitamin D deficiency [5, 6].

On the other hand, some concern has been raised about
the potentially adverse effects of Vitamin D supplementation
on both the calcium excretion and the propensity to litho-
genic salts crystallization in urine, so that the safety of the
treatment of Vitamin D deficiency in stone-forming patients
is still debated [6, 21, 22, 24, 25].

To date, nutritional Vitamin D supplementation has never
been specifically discouraged in stone-forming patients with
severe Vitamin D deficiency, probably due to the putative
beneficial effects of Vitamin D not only on skeletal health.

The purpose of our study was to investigate whether a
course of therapy with cholecalciferol, aimed at resetting
low levels of circulating 25(OH)D to normal, may induce
unwanted effects on the stone-forming risk in calcium
nephrolithiasis.

To achieve this goal, we designed a comprehensive panel
of exams including, in addition to urinary stone risk profile,
calciotropic hormones, markers of bone turnover, acid-base
balance, and diet-related parameters.

After cholecalciferol supplementation, the average
level of 25(OH)D became about four times as high as in
Baseline (Table 2). The parallel increase of plasma levels
of 1.25(0OH),D, together with a highly significant corre-
lation between the changes of 25(OH)D and 1.25(OH),D
(p<0.01), suggests that the increased availability of calcife-
diol promoted the synthesis of calcitriol.

Correspondingly, the inverse linear correlation between
the changes of PTH and 25(OH)D (p <0.01) can be
explained by both an indirect effect (mediated by the

cholecalciferol on PTH secretion [35, 36].

In Therapy, urinary DPD was significantly lower than in
Baseline (p =0.02), thereby suggesting a reduction of bone
resorption.

In patients taken as a whole, daily calcium excretion
was increased by more than 30% in Therapy vs Baseline,
including 20 patients who never presented hypercalciuria
throughout the study (Fig. 2). The fact that the dietary-
related parameters did not vary supports the contention that
the above changes of calcium excretion were not secondary
to changed intakes of the nutrients known to affect renal
calcium handling (i.e., sodium, animal protein, ash acid, and
alkali).

The daily fractional excretion of calcium (24 h-Ca/Cr)
was significantly higher in Therapy compared to Base-
line, whereas fasting Ca/Cr did not vary. These results are
in agreement with Billington and co-workers, who also
reported a discrepancy between 24-h urinary calcium excre-
tion and fasting Ca/Cr, following the administration of dif-
ferent doses of Vitamin D [20]. The lack of correlations
between changes of urinary calcium and both 25(OH)D and
1.25(0H),D levels lends us to speculate that the action of
Vitamin D on calciuria may not only ensue from increase
in intestinal absorption of dietary calcium, but also from
concurrent modulations of both parathyroid function and
bone turnover [37].

In Therapy, the prevalence of patients with hypercalciuria
(39.4%) was consistent with the literature reports [12, 28],
unlike the low prevalence (18.2%) observed in Baseline.
This suggests that, in some stone formers, an underlying
absorptive hypercalciuria can be unmasked by the correction
of hypovitaminosis D.

@ Springer



602

World Journal of Urology (2021) 39:597-603

In Therapy, the significant increase of urinary calcium
compared to Baseline went together with a parallel signifi-
cant increase of Bbsh, to which slight increases of urinary
phosphate and pH may have contributed. A small increase
in BCaOx did not reach a significance level because of tiny
unexpected decrease in urine oxalate.

Our data on urine supersaturation partly confirm those
of Ferroni and co-workers. By comparing patients who
received 1000 IU of Vitamin D daily and those who
received 50,000 IU of Vitamin D weekly, they did not
find any significant variation in urine supersaturation with
CaOx, whereas there was a significant increase in urine
supersaturation with calcium phosphate in those given
50,000 IU of Vitamin D. Conversely, these authors did
not report any significant variation in daily calcium excre-
tion between the two groups, irrespective of the Vitamin
D dosage prescribed [23].

Our retrospective study has some limitations. The rel-
atively small sample size may have reduced the power to
detect more subtle differences in our results. Dietary cal-
cium intake was not controlled, being assessed only from
dietary inquiry. Vitamin D was assayed by a fully automated
chemiluminescence immunoassay, which, despite having
lower accuracy by comparison with liquid chromatogra-
phy—tandem mass spectrometry [38], has shown acceptable
reliability for routine use.

Besides that, to the best of our knowledge and belief, this
is the first study wherein changes of urine calcium upon
Vitamin D supplementation were also controlled for poten-
tial interferences exerted by diet, as deducted by urinary
markers of salt, protein, ash acid, and alkali metabolism.

Conclusions

In stone formers with Vitamin D deficiency, the reduced
urinary excretion of calcium ensuing from lower intestinal
absorption might have a favourable effect on the risk of
stone formation with calcium salts. However, especially if
low dietary calcium intakes concur, negative calcium bal-
ances will result in reduction of bone mineral content over
time [11, 12].

Cholecalciferol supplementation, aimed at restoring
physiological levels of circulating 25(OH)D, is expected to
improve calcium balance and favour bone health, on one
hand, but may also increase both calcium excretion and the
urinary stone-forming risk, on the other hand.

Therefore, when stone formers are given cholecalciferol
supplementation, urine biochemistries must be monitored
and metaphylaxis carefully tailored as needed (large water
intake, potassium citrate, and thiazides).
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