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Abstract

Urolithiasis is a common, highly recurrent disease with increasing prevalence worldwide. The association between vitamin D
and calcium stones has often been investigated on the basis of the role of vitamin D in calcium homeostasis. Currently, there
is no consensus on the management of vitamin D deficiency in patients with renal calculi, because of controversies about
the relationship between vitamin D and calcium stones. However, the vitamin D deficiency is shown to be highly prevalent
among kidney stone formers, and some studies found a higher prevalence in stone formers compared with non-stone form-
ers. This article attempts to review the relationship between calcium stones and vitamin D, and propose a mechanism for the
association between vitamin D deficiency and calcium-based calculi according to the substantial role of inflammation and
oxidative stress in calcium stone formation and also the pro-inflammatory effect of vitamin D deficiency.

Keywords Urolithiasis - Calcium stones - Vitamin D deficiency - Oxidative stress - Secondary hyperparathyroidism -
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Introduction

Calcium (Ca) stones, including calcium oxalate (CaOX)
and calcium phosphate (CaP) stones, are the most prevalent
type of kidney stones in most countries around the world
[1-3]. Although many studies have attempted to find the
risk factors and pathogenesis of the disease, several short-
comings are left in clarifying the pathophysiology of Ca
stones, especially CaOX stones [4]. In this context, growing
number of evidence has considered CaOX urolithiasis as
a systemic disease, which is associated with other chronic
conditions such as hypertension, cardiovascular disease,
metabolic syndrome, and diabetes mellitus [5—7]. There are
some hypotheses for such associations. One of the suggested
theories is based on the studies which found an association
between dietary factors and kidney stones. These studies
suggest that this association could be explained by common
dietary habits, like fewer fruits and vegetables and more red
meat, which are common risk factors for the kidney stone
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formation and other chronic diseases [8]. Another hypothesis
is the development of oxidative stress and related inflam-
mation [9]. It is suggested that oxidative stress, which is a
common risk factor for many chronic diseases, could cause
tubular injury which results in crystal retention in renal
tubules and stone formation [9].

Vitamin D deficiency has been known as a major health
problem globally [10]. Vitamin D plays a critical role in
calcium and phosphorus balance and bone health, and its
deficiency has a deleterious effect on this context. Vitamin D
deficiency causes decreased absorption of dietary calcium,
low bone mass, and secondary hyperparathyroidism [11, 12].
In addition to this well-known role, the relationship between
vitamin D deficiency and different chronic diseases such as
cardiovascular disease [13], hypertension [14], insulin resist-
ance, diabetes mellitus, metabolic syndrome [15, 16], and
various cancers [17] has been assessed in several studies;
however there are some controversies in their results [18].
It is suggested that the effect of vitamin D on the immune
system, inflammatory status [19], and oxidative stress [20]
is the basis for such relation.

The association between vitamin D and kidney stone have
often been investigated on the basis of the role of vitamin
D in calcium homeostasis. Currently, there is no consen-
sus on the management of vitamin D deficiency in patients
with kidney stones, because of controversies about the
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relationship between vitamin D and calcium-based calculi
[21]. However, vitamin D deficiency was shown to be highly
prevalent among kidney stone formers [22, 23], and some
studies found a higher prevalence in stone formers compared
with non-stone formers [24, 25]. This article attempts to
review the relationship between Ca stones and vitamin D,
and propose a mechanism for the association between vita-
min D deficiency and CaOX kidney stone formation.

Deposition of calcium salts in the kidneys

Deposition of Ca in the kidneys may occur in the renal
parenchyma (nephrocalcinosis), or renal tubules (calcium
kidney stones) [26]. Nephrocalcinosis is generalized renal
parenchymal calcification and includes both CaOX and
CaP deposits [27, 28]. Nephrocalcinosis is classified into
molecular, microscopic, and macroscopic calcifications
[27]. Molecular nephrocalcinosis is defined as an increase
in intracellular calcium concentration, which cannot be
detected by microscopic or radiographic assessments [28]. In
microscopic nephrocalcinosis, the calcium deposits could be
detected by light microscopic examination or biopsy, but no
evidence of calcification is seen in radiographic imaging. In
macroscopic nephrocalcinosis, the calcifications are visible
in plain abdominal X-ray [28]. Molecular nephrocalcinosis
is reversed upon correction of the underlying risk factors.
However, both microscopic and macroscopic nephrocalci-
nosis are associated with kidney injury [27, 28].

Nephrocalcinosis involves the renal medulla in most
of the cases and rarely the cortex [28]. The most common
risk factor for nephrocalcinosis is an increase in the urinary
excretion of calcium. Other common risk factors of nephro-
calcinosis are increase in the urinary excretion of phosphate
and oxalate [29]. These metabolic abnormalities are also
closely associated with kidney stones. However, the spe-
cific mechanism resulting in nephrocalcinosis progression
rather than stone formation is elusive [28]. Nephrocalcino-
sis is a more severe condition and usually implies a seri-
ous metabolic defect such as primary hyperparathyroidism,
distal renal tubular acidosis, and medullary sponge kidney
disease [27, 30].

Calcium kidney stones

Ca stones are mainly consisted of CaOX (50%), CaP (5%),
and mixtures of both compositions (45%) [1]. CaOX stones
may contain different forms of crystal. The main crystal
forms are CaOX monohydrate (COM) and CaOX dihydrate
(COD), or a combination of both. COM is the most stable
form of the crystals and is more frequently observed than
COD in calcium stone formers [1]. Different factors may
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cause the formation of COM or COD crystals, e.g., forma-
tion of urinary COD crystals is predominantly associated
with a high urinary calcium concentration, whereas forma-
tion of COM crystals is predominantly associated with a
high oxalate concentration in urine [31].

Mechanisms for calcium stone formation

Renal stone formation or biomineralization is a complex pro-
cess and has several steps, including urine supersaturation,
crystal nucleation, growth and aggregation of crystals, and
crystal retention in the kidney. Since some of the steps, such
as urine supersaturation, may also develop in the normal
population, there is a great controversy regarding the key
step in the stone formation process [32]. All stones share
similar events with respect to the mineral phase of stone
formation. However, the sequence of events leading to stone
formation differs depending on the stone composition, bio-
chemistry of the urine, and the initial location of stone mate-
rial precipitation [1].

According to various evidence such as human renal tissue
biopsies and intra-operative endourologic imaging, differ-
ent mechanisms have been developed to elucidate how the
process of stone formation starts and proceeds in the urinary
tract. The most considered mechanisms in this context are
(1) free solution crystallization (free-particle), (2) crystal
deposition in renal tubules (fixed-particle), and (3) over-
growth on interstitial CaP plaques (Randall’s plaque) [33]
(Fig. 1). However, it should be kept in mind that no single
model could explain the stone formation and probably all
these models contribute to this process [34].

The first essential step in the stone formation process
is the increased supersaturation of stone-forming salts,
responsible for the process of crystal nucleation and forma-
tion [32]. ‘Free-particle theory’ emphasizes the role of the
highly saturated urine as the cornerstone of the process of
the kidney stone formation [4, 35]. The theory indicates that
the nucleation, formation, and aggregation of crystals occur
within the supersaturated urine of the renal tubules or within
the calyces or renal collecting system, without attachment
to the tubular cells [34, 36]. The higher the degree of super-
saturation, the more driving force for crystallization [34].
This mechanism is probably involved in the formation of
cystine, uric acid, and CaOX stones associated with primary
and enteric hyperoxaluria [34, 37].

The ‘Fixed-particle theory’ suggests that because of the
short transit time of tubular fluid through the kidney, free
particles cannot grow fast enough to cause stone disease in
the upper urinary tract, and ‘crystal retention’ is the manda-
tory step in the stone formation [38]. The retention is caused
by the attachment of crystals to the luminal side of the renal
tubular cells or endocytosis of crystals by these cells [32].
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Fig.1 The three mechanisms of kidney stone formation. (1) Free
solution crystallization (free-particle), (2) crystal deposition in renal
tubules (fixed-particle), and (3) overgrowth on interstitial calcium
phosphate plaques (Randall’s plaque). The figure is adapted from [36]

The attachment of the crystals to the cells creates fixed
nuclei which could interact with the supersaturated urinary
environment and result in crystal growth [2, 32, 39].

Normally, there are some protective mechanisms, such
as macromolecule production in tubules that inhibit crys-
tal adhesion or endocytosis [40]. However, renal cell injury
could interrupt these protective mechanisms. The injury
could promote crystal retention in the tubules and upgrade
numerous molecules on the tubular cells which could read-
ily attach to crystals [32, 38, 41, 42]. The injured cells have
more affinity for COM crystals than COD crystals [1]. More-
over, crystal nucleation could occur at lower supersaturation
in the presence of renal epithelial injury [43].

Different factors could cause tubular cell injury. CaOX
crystals, high urinary oxalate concentrations, or even physi-
ological concentrations of oxalate could cause renal epithe-
lial cell injury [32, 41, 44, 45]. It is suggested that oxidative
stress and inflammatory response caused by cell injury is
responsible for the retention of the crystals in renal tubules
[32].

The last theory discusses the role of subepithelial-calci-
fied plaques known as Randall’s plaque in stone formation.

This theory believes that idiopathic calcium oxalate stones
are formed attached to this calcified plaques on the papillary
surface [34] (Fig. 1).

Randall’s plaques are crystalline deposits of interstitial
CaP [36]. The plaques originate in the basement mem-
branes of the thin loops of Henle, collecting ducts, or vasa
recta [46]. Some of these plaques become very dense and
appear to spread through the surrounding interstitium [47]
to beneath the urothelium [46]. The spreading plaques then
move through the interstitium toward the renal papillary epi-
thelium, where they ulcerate to the surface [48], and become
a place for CaOX crystal attachment [49].

Randall’s plaques are specific to CaOX stone formers,
who have no systemic or bowel diseases [46]. Several risk
factors and mechanisms are suggested to be responsible for
plaque formation. Hypercalciuria and low urine volume are
found to be risk factors for plaque formation in the interstit-
ium [50]. One suggested mechanism is the vascular theory
for the formation of Randall’s plaque [51]. This theory is
based on the findings which found the association of Ran-
dall’s plaques with collagen and membrane-bound vesicles,
which is similar to pathologic vascular calcification [52].
This hypothesis is in line with the association found between
cardiovascular disease and urolithiasis [6].

A recent hypothesis for the formation of Randall’s
plaques is the probable role of oxidative stress and inflam-
mation in the formation of Randall’s plaques [48]. Some
in vitro and experimental studies suggested that plaque for-
mation is triggered by oxidative stress and related inflam-
matory responses [48]. A recent study which compared the
gene expression of Randall’s plaques with the surrounding
tissue in the kidney of CaOX stone formers found activation
of genes associated with oxidative stress and inflammation
in Randall’s plaques [53]. This hypothesis is also in line
with the association found between chronic diseases and
urolithiasis [9].

Role of oxidative stress and inflammation
in urinary stone formation

Reactive oxygen species (ROS) are highly reactive chemi-
cal agents, including free radicals, atoms, or molecules with
unpaired electrons. They are produced in the human body in
many physiological signaling and regulatory pathways, such
as the mitochondrial respiratory chain. Various enzymes,
including nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase, xanthine oxidase, and other active oxi-
dases, are involved in their production [54, 55].

The conditions of ROS overproduction or decreased anti-
oxidant status are called oxidative stress [54]. The oxida-
tive stress could damage or modify cellular proteins. These
changes in cellular proteins could activate transcription factors
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responsible for the regulation of immune system and inflam-
mation. All of these transcription factors are known to have
a role in the pathogenesis of many chronic diseases, such as
cardiovascular disease and hypertension [9].

In vitro and animal studies demonstrated that crystal reten-
tion is mediated by the excess generation of ROS and con-
sequent oxidative stress and inflammation. Both oxalate and
CaOX crystals can cause cell injury that activates NADPH
oxidase, which results in ROS production [41]. Oxalate could
also activate renin—angiotensin—aldosterone system (RAAS).
Hyperoxaluric rats were shown to have higher renin and
angiotensin II gene expressions [56, 57]. RAAS indepen-
dently stimulates NADPH oxidase and ROS production [56].
Finally, the produced ROS stimulate transcription factors like
mitogen-activated protein (MAP) kinase, c-Jun N-terminal
kinase [58, 59], and the nuclear factor-kB (NFxB) [60] which
are all factors responsible for the regulation of immune system
and inflammation. The activation of these transcription fac-
tors enhances the expression of adhesion molecules, such as
hyaluronan, CD44, osteopontin, and monocyte chemoattract-
ant protein-1 (MCP-1), on injured cells [42, 61]. Finally, the
crystals adhere to these adhesion molecules and result in the
retention of crystals in the kidney [42].

Consistent with the above-mentioned findings, human
cross-sectional studies revealed elevated oxidative stress mark-
ers in the urine and kidney tissues adjacent to the stones in
renal lithiasis patients [62—64]. Furthermore, adhesion mol-
ecules such as MCP-1 [65] and vascular cell adhesion mol-
ecule-1 [66] are shown to be elevated in the serum of kidney
stone patients compared to healthy controls. Higher oxidative
stress was shown to be associated with larger stone size and
more renal tubular damage [67, 68].

As mentioned earlier, oxidative stress and inflammation are
suggested to have a role in Randall’s plaque formation [48,
53]. CaP deposits in the interstitium are considered as foreign
bodies by the adjacent cells and trigger these cells to gener-
ate ROS and produce adhesion molecules such as MCP-1 and
osteopontin [53]. Persistent formation of CaP deposits causes
local injury and inflammation, followed by fibrosis and col-
lagen deposition and mineralization around the CaP crystal
deposits, which leads to plaque growth [48].

The effectiveness of anti-inflammatory agents and antioxi-
dants in preventing crystal retention is shown in in vitro and
animal studies [69-73]. However, their effect on preventing
human nephrolithiasis has been assessed in limited observa-
tional studies [74]. Further randomized controlled trials in this
context are warranted.
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Vitamin D and its role in calcium metabolism
and chronic diseases

Vitamin D is a fat-soluble vitamin, which primarily has
been considered as an essential element for establishing
and maintaining bone structure. Since average human diet
is not rich in vitamin D and humans have to rely on the
endogenous production of the vitamin in the UVB-exposed
skin, it has been known as a hormone [19, 75].

The vitamin D got from the diet or produced in the skin
is metabolized first in the liver to make 25-hydroxyvitamin
D, and then in the kidney to make 1,25-dihydroxy vitamin
D, which is the final biologically active form of the vita-
min D. The renal production of 1,25-dihydroxy vitamin D
is tightly regulated mainly by serum parathyroid hormone
(PTH), calcium, and phosphorus levels, and 1,25-dihy-
droxy vitamin D itself [76]. Although 1,25-dihydroxy
vitamin D is the active form of the vitamin, 25-hydrox-
yvitamin D is the major circulating form of vitamin D
and is the best index for the body stores of vitamin D
[11, 77]. Vitamin D deficiency is defined by low circula-
tory 25-hydroxyvitamin D [10]. The Endocrine Society
recommended that vitamin D deficiency to be defined as
a 25(OH)D level of 20 ng/mL or less, vitamin D insuf-
ficiency as 21-29 ng/mL, and vitamin D sufficiency as
30 ng/mL or greater for children and adults [77].

The receptor for 1,25-dihydroxy vitamin D, which is
called vitamin D receptor (VDR), is located in the cell
nucleus and found in most of the tissues, such as intestine,
bones, kidneys, muscles, cells, and organs of the immune
system and fat tissue [12, 19]. The wide distribution of VDR
in the body was the basis to find out the physiological roles
of the vitamin D beyond bone tissue mineralization [17, 75]
and the relationship between vitamin D deficiency and dif-
ferent chronic inflammatory diseases [13, 14, 16].

The absorption of renal and intestinal calcium is increased
in the presence of 1,25-dihydroxy vitamin D [12]. Vitamin
D deficiency decreases the efficiency of intestinal calcium
absorption, which results in an increase in PTH levels, called
secondary hyperparathyroidism [77]. Secondary hyperpar-
athyroidism maintains serum calcium in the normal range
at the expense of mobilizing calcium from the skeleton and
increasing calcium resorption from the kidneys [77]. This
process results in normal blood levels for calcium and a low
24-h urine calcium excretion rate [78]. Serum 1,25-dihy-
droxy vitamin D is frequently either normal or even elevated
in those with vitamin D deficiency, due to secondary hyper-
parathyroidism [77]. Increased levels of PTH and low 24-h
urine calcium levels should prompt suspicion for vitamin D
deficiency in some patient [78].

In the context of the relationship between vitamin D and
chronic diseases, vitamin D deficiency has been found to
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be a risk factor for cardiovascular disease [13]. The asso-
ciation between vitamin D deficiency and chronic diseases
like diabetes mellitus, metabolic syndrome, hypertension,
and different cancers has been shown in observational
studies [15-17, 79]; however, clinical trials that studied
the effect of vitamin D supplementation on these diseases
had controversial results [14, 80]. Although Institute of
Medicine (IOM) did not confirm these health outcomes
of vitamin D in its 2011 report because of the controver-
sies in the studies [18], recent meta-analyses reported that
favorable effects of vitamin D in some of these chronic
diseases such as diabetes mellitus are probable [79, 81].
Moreover, a comprehensive review on the findings from
meta-analyses summarizing non-skeletal health effects of
vitamin D supplementation concluded that most of the
studies included both patients with low and normal vita-
min D levels for the levels for the supplementation of the
vitamin D and this may be the reason for controversial
results of the clinical trials [82].

The probable association between vitamin D deficiency
and chronic disease could be explained by the modulating
effect of vitamin D on the immune system, inflammation
[17], and oxidative stress [20]. Increasing evidence indicates
that vitamin D is involved in different cellular inflammatory
and antioxidant pathways [83]. Vitamin D acts as a steroid
hormone by regulating expression of inflammatory genes
[17, 83]. It has been found that vitamin D inhibits the pro-
duction of pro-inflammatory cytokines like interleukin 6 or
tumor necrosis factor alpha by inhibiting MAP kinase [84,
85]. Furthermore, activation of VDR has been shown to
inhibit NF-kB activation and reduce expression of adhesion
molecules such as MCP-1 [86].

The relationship between vitamin D and oxidative stress
may also be explained by the potential link between vita-
min D and RAAS [14]. Vitamin D-deficient patients were
found to have more active RAAS and higher Angiotensin II
levels [14, 87]. In vitro and animal studies have shown that
VDR activation by vitamin D inhibits renin gene transcrip-
tion [88-90], which could suppress oxidative stress [91, 92].
However, clinical trials that studied the effect of vitamin
D supplementation on plasma renin had conflicting results
[93, 94].

Vitamin D and kidney stone: the current
knowledge and a proposal

The association between vitamin D and kidney stone has
often been investigated considering the role of vitamin D
in calcium homeostasis. Vitamin D intoxication can lead to
hypercalciuria and formation of CaOX stoned [95], mainly
consisted of COD crystals. In the terms of normal serum
vitamin D or vitamin D deficiency, the results of the studies

on the relationship between 25-hydroxyvitamin D and kid-
ney stone formation risk are conflicting. Therefore, physi-
cians hesitate to treat vitamin D deficiency in urolithiasis
patients [21]. Different observational studies and few clinical
trials had tried to find an association between serum vitamin
D and risk of kidney stones or assessed the effect of vitamin
D supplementation on the kidney stone formation without
including patients with toxic serum levels of 25-hydroxy-
vitamin D. A recent meta-analysis of observational studies
showed that the serum levels of 25-hydroxyvitamin D were
the same between stone formers and non-stone formers [96],
whereas hypercalciuric stone formers had higher serum lev-
els of 25-hydroxyvitamin D, compared with normocalciu-
ria stone patients and non-stone formers. The results also
revealed that the serum levels of 1,25-dihydroxy vitamin
D were higher in stone formers compared with non-stone
formers. The authors discussed that higher serum levels of
1,25-dihydroxy vitamin D could be the result of VDR gene
polymorphisms or genetic mutations in genes that control
1,25-dihydroxy vitamin D catabolism. Other recent meta-
analysis showed that although long-term vitamin D sup-
plementation resulted in increased risks of hypercalcemia
and hypercalciuria, it did not increase the risk of kidney
stones [97]. A non-controlled clinical trial on stone formers
with vitamin D deficiency showed that intaking 50,000 IU
vitamin D for 8 weeks did not increase urinary levels of
calcium [98]. Another randomized clinical trial, investigat-
ing the effect of low-dose and high-dose vitamin D sup-
plementation (receiving 1000 IU daily or 50,000 IU weekly
of vitamin D for 6 weeks, respectively) in stone formers
with vitamin D deficiency, also showed that vitamin D sup-
plementation did not increase urine calcium excretion or
calcium oxalate supersaturation [99]. Despite insufficient
evidence about the safety of vitamin D supplementation in
kidney stone patients with vitamin D deficiency, the recent
edition of Canadian Urological Association guideline on
the evaluation and medical management of the kidney stone
patient recommends treating vitamin D deficiency in uro-
lithiasis patients, with monitoring for hypercalciuria [100].
The guideline also suggests that more clinical trials in this
field are warranted [100].

Contrary to the traditional hypothesis regarding the role
of higher serum 25-hydroxyvitamin D in kidney stone for-
mation, hypovitaminosis D may also exacerbate kidney
stone formation or severity. Some recent studies showed a
considerable prevalence of vitamin D deficiency in stone
formers [22, 101], and even higher prevalence of vitamin D
deficiency in stone formers compared with non-stone form-
ers [24, 25]. Different explanations for such probable asso-
ciation could be provided:

e Secondary hyperparathyroidism in the vitamin D-defi-
cient group has been suggested as a reason for the
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Fig.2 Schematic representation
of the fixed-particle and Ran-
dall’s plaque pathways for stone
formation and the proposed
mechanism for the potential
association between vitamin D
deficiency and calcium oxalate
nephrolithiasis. Since vitamin
D has been shown to modulate
inflammation and oxidative
stress by inhibiting transcription
factors (A) and also may inhibit
renin gene transcription (B), the
authors propose that vitamin

D deficiency may exacerbate
kidney stone formation or
severity by inducing tubular
inflammation and oxidative
stress. JNK c-Jun N-terminal
kinase, MAP kinase mitogen-
activated protein kinase, MCP-1
monocyte chemoattractant
protein-1, NADPH oxidase
nicotinamide adenine dinucleo-
tide phosphate oxidase, NFkB
nuclear factor-kB, ROS reactive
oxygen species
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higher risk of kidney stone in this group [25]. How-
ever, as it is mentioned earlier, secondary hyperpar-
athyroidism often results in low 24-h urine calcium
excretion rate and not accompanied by hypercalciuria
[78, 102]. More studies should assess this hypothesis.

e Another proposal may be the similar risk factors for
vitamin D deficiency and kidney stone formation.
Some major risk factors for vitamin D deficiency
are living at higher latitudes, older age, female sex,
low socioeconomic status, malnutrition, and obesity
[10, 12, 80]; among them obesity is the only common
risk factor. Some dietary risk factors are also hypoth-
esized as risk factors for vitamin D deficiency [103].
These suggested dietary factors include decreased
dietary calcium level, high dietary consumption of
phytates, and low dietary intake of animal proteins
[103]. Among them decreased dietary calcium level
is the common risk factor. Decreased dietary calcium
level is suggested to increase serum PTH level and
also catabolism of 25-hydroxyvitamin D and finally
may cause vitamin D deficiency [103]. More studies
in this field are needed to elucidate this proposal.

e According to the findings regarding the relationship
between vitamin D and inflammation, we propose that
the correlation between calcium stones and vitamin
D deficiency may result from the role of vitamin D
deficiency in inducing oxidative stress and inflamma-
tion in kidney tissue (Fig. 2). As mentioned earlier,
vitamin D has been shown to modulate transcription
factors responsible for the regulation of inflamma-
tion, such as NFxkB and MAP kinase, and also adhe-
sion molecules such as MCP-1 [84—86]. Since all these
mediators are shown to play a role in kidney stone
pathogenesis [41, 58-60], we propose that vitamin D
deficiency increases the risk of kidney stone forma-
tion by overexpression of these inflammatory media-
tors. This condition is consistent with the formation
of COM rather than COD crystals.

In the context of inflammation and oxidative stress,
the relationship between vitamin D deficiency and kid-
ney stone could also be discussed by the potential effect
of vitamin D on RAAS (Fig. 2). RAAS activation by
vitamin D deficiency increases NADPH oxidase activ-
ity and raises ROS production consequently [91, 92].
Since RAAS activation is shown to play a role in kidney
stone formation by increasing oxidative stress and crystal
retention, the potential effect of vitamin D deficiency on
RAAS is also proposed as a casualty for the relationship
between vitamin D deficiency and kidney stone.

Conclusion

Although higher serum vitamin D was previously con-
sidered as a risk factor for Ca stone formation, vitamin
D deficiency may also exacerbate kidney stone formation
or severity. The suggested mechanisms for this associa-
tion are secondary hyperparathyroidism and the similar
risk factors for vitamin D deficiency and Ca stone forma-
tion. Since vitamin D deficiency has been shown to cause
inflammation and oxidative stress, the authors propose
that the correlation between CaOX urolithiasis and vita-
min D deficiency may result from the role of vitamin D
deficiency in inducing oxidative stress and inflammation
in kidney tissue. Further studies are warranted to assess
this proposal.
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