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Abstract Idiopathic renal calcium stone disease often
presents with reduced bone mineral content. Investiga-
tions using non-invasive methods for the measurement
of bone mineral content (single and dual-photon
absorptiometry, dual-energy x-ray absorptiometry,
quantitative computed tomodensitometry) show a slight
decrease in skeletal mineral content of idiopathic renal
stone formers (RSFs).The alterations in bone mineral
content in RSFs have different explanations: prosta-
glandin-mediated bone resorption, subtle metabolic
acidosis and 1-25 vitamin D disorders. Bone mineral
content is worsened by insufficient dietary calcium
leading to a negative calcium balance.
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Introduction

Recurrent calcium nephrolithiasis is often associated
with disorders of calcium phosphate metabolism [32,
53]. For this reason, evaluation of bone mineral content
in this group is particularly interesting.

For some pathological conditions correlated to
nephrolithiasis, such as hyperparathyroidism [16, 20,
30] or distal renal tubular acidosis [60], the alterations
in the bone mineral content are evident and have been
known for some time. In other cases, for example idi-
opathic hypercalciuria, knowledge 1is limited and
incomplete.
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Bone mineral content

Reduction of the bone mineral content is variable and
has an ambiguous definition. The loss of bone density
has recently been defined as either osteopenia or osteo-
porosis on the basis of whether the reduction in bone
mineral density is either 1 or 2.5 standard deviations,
respectively, below the young adult mean [33].

In the adult, a reduced bone mineral density can be
due to a low peak bone density or bone loss. Peak bone
mass is reached in the third decade, followed thereafter
by a decline in total bone density [64, 73]. Genetic and
environmental factors, such as race, familial status, diet,
physical exercise and hormone balance determine peak
bone density. The loss of bone mineral content can be
due to reduced bone formation or increased bone
resorption and formation [22].

The remodeling cycle of bone consists of three
sequential phases: the resorption period, the transitional
period, and the formation period. Various types of acti-
vating stimuli prime the activity of the osteoclasts that
start the resorption process. When the resorption process
terminates, bone formation begins. The short interval
between bone resorption and formation is defined as the
transition period. The time between the end of the for-
mation and the subsequent new activation is called the
quiescent period. A reduction in the frequency of activa-
tion periods will give an overall positive balance, at the
tissue level, until a new steady state is achieved, although
the balance at the remodeling site (at the single lacuna)
may still be negative. There are many hormonal and non
hormonal factors that influence the formation and
resorption of bone: 1,25 vitamin D, calcitonin, parathy-
roid hormone (PTH), dietary calcium intake, etc.

Bone formation and resorption can be studied utilizing
plasma and urine markers [15, 72]. Markers of bone for-
mation (osteocalcin, bone alkaline phosphatase, procol-
lagen 1 extension peptides) and bone resorption (urinary
pyridinium crosslinks, urinary hydroxyproline) may be
used to define the pathophysiology of osteopenia.
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Primary hyperparathyroidism

Primary hyperparathyroidism is characterized by an
increased bone turnover. PTH acts by increasing the
frequency of activation with a subsequent increase in
eroded and osteoid covered surfaces in more sites,
whereas osteoclastic activity and the resorption depth at
the single site may be decreased in hyperparathyroid
patients. The action of PTH is reflected by the increased
excretion of urinary hydroxyproline.

The presence of bone lesions in patients with hyper-
parathyroidism was first demonstrated by conventional
radiological studies and then by more sophisticated
investigations: gamma ray absorption [20], whole body
neutron activation analysis [30], and x-ray spectropho-
tometry [16].

The classical descriptions of primary hyperparathy-
roidism distinguished between bone and renal clinical
forms [1].The introduction and diffusion of reliable
methods for the determination of serum calcium has
lead to the diagnosis of an increasing number of
asymptomatic cases. As a result, the incidence of neph-
rolithiasis in patients with hyperparathyroidism, which
was estimated in 1970-1980 as varying between 30 and
60% [10, 43, 58], is today much less [66].

According to the classic observations of Albright et al.
[1], bone and renal lesions never occur simultaneously in
the same patient. The appearance of renal rather than
bone problems in primary hyperparathyroidism has been
explained on the basis of different mechanisms: dietary
calcium intake, intestinal absorption of calcium, different
forms of PTH, different levels of 1,25 vitamin D. Albright
et al. [1] maintain that a low dietary calcium intake is the
origin of the bone form, while a high dietary calcium in-
take provokes the renal form, but this hypothesis has been
refuted by Dent et al. [17] who suggested the presence of
two different forms of PTH, one responsible for the bone
and the other for the renal form of the disease. Hyper-
parathyroid patients with nephrolithiasis are said to have
an increased intestinal absorption of calcium, whereas it is
normal in patients with bone lesions [58]. This hypothesis
was supported by the observation of high levels of 1,25
vitamin D in a subgroup of patients with increased
intestinal absorption of calcium and renal calculi, and
normal 1,25 vitamin D levels in patients with bone lesions
and normal intestinal calcium absorption [10]. However,
these observations could not be confirmed by others
[34, 57].

More recently, Silverberg et al. [66], using bone
densitometry, which provides a more accurate measure
of demineralization then conventional radiology, dem-
onstrated that bone demineralization is present to the
same extent in hyperparathyroid patients both with or
without nephrolithiasis. A correlation was observed
between 1,25 vitamin D and urinary calcium excretion
but there was no difference in 1,25 vitamin D levels in
hyperparathyroid patients with or without calculus
disease [66].

Higher levels of urinary hydroxyproline in patients
with nephrolithiasis have led to the conclusion that
urinary calcium excretion is an expression of both
vitamin D activity as well as bone resorption.

A reduction of bone mineral content mainly affecting
cortical bone has been documented in hyperparathy-
roidism [46, 62]. These metabolic abnormalities were
reversed by parathyroidectomy [46, 50].

Idiopathic calcium nephrolithiasis

Over the last 20 years, the bone mineral content of cal-
cium renal stone formers (RSFs) has been extensively
studied in relation to their urinary calcium excretion.

Hypercalciuric patients were classified as “‘renal” or
“absorptive” according to the proposed cause of hy-
percalciuria: defective renal tubular calcium reabsorp-
tion or intestinal calcium hyperabsorption [56].

Early attempts to study bone mineral content in
calcium nephrolithiasis using conventional radiological
techniques failed to demonstrate a difference between
stone-formers and controls [29].

A more sophisticated photodensitometric method
applied to the proximal radius showed that bone mineral
content in patients with renal calculi and hypercalciuria
was less than 1 standard deviation below the normal
average, whereas the difference between hypercalciuric
and normocalciuric RSFs was not significant [77]. Sim-
ilar results were reported by Katayama et al. [35] using
microdensitometry.

Calcium kinetic studies have shown an increase in
bone turnover with accelerated bone formation and
resorption [3, 40].

Barkin et al. [4], using in vivo neutron activation
analysis, demonstrated a reduction in calcium content in
the middle third of the skeleton in RSFs that was 5.2%
less than a control group, together with a negative cor-
relation between fasting calcium excretion and bone
calcium content, but there was no significant difference
between hypercalciuric and normocalciuric patients.

Other researchers [8, 44, 69] investigated the histo-
logical aspects of bone of RSFs. An increase in osteo-
clast activity and a decrease in osteoblast activity has
been observed in some patients with idiopathic hyper-
calciuria [8, 69], although a reduction in osteoblast
activity alone was observed in patients with absorptive
hypercalciuria [44].

Recently, reliable and accurate non-invasive meth-
ods have become available for the measurement of
bone mineral content. Alhava et al. [2], using the
americium-241 gamma ray attenuation method, ob-
served a reduced bone mineral content in calcium RSFs
without primary hyperparathyroidism. Other studies
using 125-1 photon absorptiometry of the forearm
(single-photon absorptiometry, SPA) demonstrated
bone mineral content to be normal in patients with
absorptive hypercalciuria, but reduced in those with
renal hypercalciuria [38, 41]. Fuss et al. [22] have



shown bone mineral density to be reduced in both
hypercalciuric and normocalciuric calcium RSFs com-
pared with controls, but greater than in patients with
primary hyperparathyroidism. The lowest levels were
present in those with renal hypercalciuria and rose
progressively in those with absorptive hypercalciuria
and normocalciuria, however, the differences were not
statistically significant. Decrease in bone density was
found to be aggravated in both hypercalciuric and
normocalciuric patients by dietary calcium restriction
over a period of 10 years, approaching the levels seen
in patients with primary hyperparathyroidism [23].

More recently, computerised dual-photon absorpti-
ometry (DPA) has been used to evaluate the mineral
content of the spine, as it allows a more accurate eval-
uation of the trabecular bone of the lumbar vertebrae
and enables detection of early bone loss due to a high
turnover and a more sensitive response to metabolic
stimuli. This method has been used to confirm that the
bone mineral content is reduced in patients who form
renal calculi [45] and particularly in those with renal
hypercalciuria [71]. Borghi et al. [9] have shown that
patients with diet-independent hypercalciuria have a
reduced bone mineral content compared with patients
with diet-dependent hypercalciuria in whom bone
mineral density is normal.

Bataille et al. [6] confirmed these findings with the use
of quantitative computed tomodensitometry to the
extent of a 30% reduction in some patients with
diet-independent hypercalciuria.

With the use of dual-energy x-ray absorptiometry
(DXA) Pietschmann et al. [59] observed a reduction of
10% in the bone mineral content of the lumbar spine in
74% of patients with absorptive hypercalciuria and in
92% of patients with fasting hypercalciuria, but in only
48% of normocalciuric patients. This difference between
the three groups was not evident at the level of the ra-
dius. A study of bone mineral content at several skeletal
sites [31] demonstrated a tendency to osteopenia but
failed to show differences between hypercalciuric and
normocalciuric stone formers, which could be influenced
by several confounding factors such as weight, height,
sex and classification of hypercalciuria.

The degree of bone loss has been usually estimated at
10% or less; more substantial losses have only been
observed by Fuss et al. [23] at 20% and Bataille et al. [6]
at 30%.

In the last years some population-based epidemio-
logical studies of the link between kidney stones and
bone fractures were published.

Melton et al. [48], using data from the Rochester
Epidemiology Project, observed that the risk of vertebral
fracture was greatly increased among men who formed
kidney stones from 1950 to 1974 in Olmstead County,
with a standardized morbidity ratio of 7.0. On the
contrary, the risk of fracture at the proximal humerus,
distal forearm, pelvis, and proximal femur was not in-
creased. In women, the risk of vertebral fracture was
lower (standard morbidity ratio =2.4).

249

In a second study [67], no association between risk of
fractures and a history of kidney stones was observed in
a population of 1,309 women by Sowers et al.

Finally, after adjusting for age, body mass index,
race/ethnicity and other potential confounders, Lau-
derdale et al. [37] observed that men with a kidney stone
history had lower femoral neck bone mineral density
and reported more wrist and spine fractures than men
without a kidney stone history. This association was
weaker for women.

Pathogenetic mechanisms

An explanation for the loss of bone mineral content can
be found in the condition of renal leak hypercalciuria.
This defect in the tubular reabsorption of calcium results
in a negative calcium balance which leads to secondary
hyperparathyroidism with resorption of bone calcium.
Lawoyin et al. [38] observed reduced bone mineral
content in a group of patients with renal hypercalciuria
together with increased levels of PTH and urinary
cAMP. Others [22, 41, 71] have also described renal
hypercalciuria in association with altered bone miner-
alization but do not comment on parathyroid function.

Normal or low PTH values (or urinary cAMP) have
been reported in patients with hypercalciuria and re-
duced bone mineral density [9, 77]. On the other hand,
the lack of signs of secondary hyperparathyroidism in
patients with fasting hypercalciuria has been previously
reported [49]. Bataille [6] has not excluded this hypoth-
esis, considering it a rare possibility (2.4% of patients
with fasting hypercalciuria).

A subgroup of patients with absorptive hypercalciu-
ria appear to have a defect of tubular phosphate reab-
sorption and hypophosphataemia that could provide the
stimulus for 1,25 vitamin D synthesis [8]. A genetic
predisposition for a renal tubular defect in phosphate
reabsorption leading to hypophosphataemia has been
observed in both humans and animals [68, 74]. Increased
osteoclast activity and reduced osteoblast activity in
some calcium stone formers correlated with reduced
phosphate levels and a reduced renal threshold for
phosphate [8], but this was not confirmed by others [9,
22], and Fuss et al. [22] did not find any correlation
between bone mineral density, phosphate levels and the
indices of tubular phosphate reabsorption (TRP and
TmPO4/GFR).

In conclusion a defective tubular reabsorption of
calcium with secondary hyperparathyroidism or a
defective tubular reabsorption of phosphate with a low
serum phosphate stimulating 1,25 vitamin D synthesis
could be a possible explanation for the low bone mineral
density observed in some patients with calcium
nephrolithiasis, but a reduced bone mineral content is
also found in calcium renal stone formers without signs
of secondary hyperparathyroidism or alterations in
phosphate levels.
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The earlier classification of hypercalciurias by Pak
et al. [56] has been replaced by simpler definitions that
make the distinction between diet-dependent or diet-
independent hypercalciuria [6,9], based on the investi-
gation of patients on a balanced diet and after a period
of calcium restriction with particular attention being
paid to sodium intake [9, 27, 51] and natriuresis [6].

It would seem that patients with diet-independent
hypercalciuria do not appear to have alterations of PTH
or phosphate values [5, 11, 14, 49, 70]. These findings,
therefore, do not support the hypothesis of a renal
tubular defect as the cause of reduced bone mineral
content in RSFs. On the other hand, high levels of uri-
nary hydroxyproline in these patients indicates increased
osteoclastic activity [49, 55, 70].

Sutton and Walker [70] and Messa et al. [49] were the
first to observe an alteration in urinary hydroxyproline
levels and ascribed this to a primary defect of bone
metabolism. According to this hypothesis, after extreme
calcium deprivation, a strict relation between net cal-
cium flux from bone and fasting calcium urinary excre-
tion occurs [49]. Some authors reported a negative
correlation between high levels of urinary hydroxypro-
line and bone demineralization particularly in the fasting
state [6, 9], however, this could not be confirmed by
others [22].

Other markers of bone metabolism, such as the bone
isoenzymes of alkaline phosphatase and osteocalcin,
have been contradictory. Elevation of alkaline phos-
phatase and normal osteocalcin values in patients with
diet-independent calciuria were reported by Borghi et al.
[9]. Normal osteocalcin levels were reported earlier by
Rico et al. [63]. High levels of alkaline phosphatase have
been reported in patients with reduced bone mineral
density, both hypercalciuric and normocalciuric [35].
Kuczera et al. [36] found elevated alkaline phosphatase
and osteocalcin levels together with raised PTH values in
RSFs who were in an active phase of the disease. Osther
et al. [54] observed elevated levels of serum osteocalcin
and urinary hydroxyproline in patients with calcium
nephrolithiasis, but only in the presence of incomplete
renal tubular acidosis. Free gamma-carboxyglutamic
acid residues derived from bone matrix proteins are
considered to be more specific markers of bone metab-
olism than hydroxyproline. Maruyama et al. [47] re-
ported raised serum, but normal urinary levels of free
gamma-carboxyglutamic acid with normal urinary and
serum hydroxyproline values in normocalciuric RSFs.
No alterations in alkaline phosphatase, urinary
hydroxyproline and osteocalcin were observed in pa-
tients with hypercalciuria [18], although high levels of
1,25 vitamin D and PTH were present in patients with
renal hypercalciuria.

Histology of biopsies from patients with diet-depen-
dent hypercalciuria has shown reduced bone mass and,
as osteoid thickness appeared to be reduced, these
changes were considered to be due to a reduced velocity
of bone formation [7]. These findings do not support the
hypothesis that there is increased bone resorption in

patients with diet-dependent hypercalciuria; interest-
ingly urinary hydroxyproline was increased in these
patients but the more sensitive bone marker, pyridino-
line, was not. This, therefore, casts some doubt on the
role of increased bone resorption in the pathogenesis of
diet-dependent hypercalciuria.

An immunological process has been proposed as the
basis for alterations in bone metabolism, as an increase
in cytokines (interleukin 1) by monocytes has been ob-
served in patients with idiopathic hypercalciuria [55].
Interleukin 1 (IL-1) is well recognised as a potent stim-
ulus to prostaglandin synthesis and prostaglandins are
known to induce bone resorption. The role of prosta-
glandins is supported by studies demonstrating the
hypocalciuric effect of prostaglandin synthetase inhibi-
tors [12, 19, 61]. More recently, Jungers et al. [32]
reported an increase in the production of IL-1beta, TNF
alfa and IL-6 by monocytes in hypercalciuric stone
formers.

Pacifici et al. [55] demonstrated that patients with
fasting hypercalciuria have decreased bone mass and
increased monocytic production of IL-1 and increased
bone resorption.

Weisenger et al. [78] confirmed the correlation be-
tween age-normalized bone density values and IL-1
levels and demonstrated that monocytes from hyper-
calciuric patients have an increased expression of IL-1
mRNA and produce larger amounts of IL-1.

Ghazali et al. [26] reported that bone density was
significantly lower in hypercalciuric patients than in age-
matched controls. They reported that unstimulated
peripheral blood monocytes from stone formers with
hypercalciuria secrete larger amounts of IL-1, TNF and
GM-CSF than healthy controls.

On the other hand, the observed higher levels of
cytokines could be a response to increased bone
resorption because the released collagen and other ma-
trix proteins released are known to bind to integrin
receptors expressed in monocytes, so stimulating cyto-
kine production.

At the origin of alterations in bone metabolism ob-
served in RSFs, there could also be a defect of vitamin D
regulation: high circulating levels of vitamin D or an
increased bone tissue sensibility to vitamin D could be
responsible for bone mineral loss. Many authors have
described high serum levels of vitamin D in hypercalci-
uric patients [11, 23, 52, 65] and a negative correlation
between vitamin D levels and mineral apposition
velocity has been described [6]. In fact, 1,25 vitamin D
slows down bone formation independently of PTH,
inhibiting collagen synthesis; on the other hand it could
increase bone resorption in cases of calcium deprivation
[42]. Hess et al. [28] formed the hypothesis that in pa-
tients with hypercalciuria the synthesis of 1,25 vitamin D
is increased due to secondary renal hypertrophy and an
excessive protein and sodium dietary intake. Serum
levels of 1,25 vitamin D are positively correlated with
creatinine clearance which, in turn, is correlated with
urinary excretion of sodium, urea and sulphates,



expressing the protein and sodium dietary intake. The
wrong regulation of vitamin D synthesis could be
responsible for chronic hypoparathyroidism in hyper-
calciuric patients.

The role of nutrient

The relationship between a high consumption of animal
protein and stone formation is well documented. The
metabolic acidosis induced by a high protein diet results
in bone dissolution secondary to the sacrifice of bicar-
bonate stores to act as a buffer [39]. There is subsequent
hypercalciuria from an increased filtered load and re-
duced tubular reabsorption. An increase in urea excre-
tion in patients with diet-independent hypercalciuria
supports the role of dietary protein [6]. A positive cor-
relation was noted between urinary urea and hydroxy-
proline excretion and calciuria in fasting patients [0].
Both hypercalciuric or normocalciuric calcium RSFs
with a reduced bone mineral content were found to have
a high body mass index and raised uric acid excretion
[59]. Moreover patients with absorptive hypercalciuria
were found to have a positive correlation between bone
mineral content and the excretion of sodium, sulphates
and urinary pH, evidence of high sodium and protein
intake.

An high protein diet could potentiate the metabolic
effects of incomplete renal tubular acidosis [54, 76].
Osteocalcin and urinary excretion of hydroxyproline
were increased in patients with an incomplete renal
acidification defect.

The negative effect of a low calcium diet in patients
with recurrent calcium nephrolithiasis has also been
demonstrated. On the other hand, it is still a common
practice to recommend a restriction of oxalate and cal-
cium intake to patients with calcium stones. The pro-
longed adoption of this diet can lead to a negative
calcium balance in the presence of various pathological
conditions related to calcium stone disease: renal hy-
percalciuria, hypophosphataemia, and high levels of
1,25 vitamin D. It has been observed that in these pa-
tients, following a prolonged reduced calcium intake, an
increase in alkaline phosphatase levels and in urinary
excretion of hydroxyproline occurs in the presence of
normal values of serum PTH and urinary AMPc [23, 24].
On the other hand it has not been possible to show re-
duced plasma levels or a defect of calcitonin synthesis
[25]. Fuss et al. [23] demonstrated that patients with the
lowest mineral content in his study had undergone
prolonged periods of dietary calcium restriction. This
observation has been confirmed by Jaeger et al. [31].

Trinchieri et al. [75] studied the effect of different
levels of dietary calcium intake on the bone mineral
content of a group of male idiopathic calcium renal
stone formers.

Bone mineral density of the lumbar spine, expressed
as a Z score, was significantly lower in the group con-
suming less than 600 mg/day of calcium than in the
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group consuming more than 1,000 mg/day. No signifi-
cant difference in calciotropic hormones and in markers
of bone resorption was found between patients on a low
calcium diet and those consuming a normal calcium diet,
although 1,25 vitamin D levels tended to be higher in
patients on a low calcium diet. Urinary excretion of
pyridinium crosslinks was above the normal range in
about 30% of the patients.

They concluded that long-term dietary calcium
restriction may lead to negative calcium balance and
bone loss in the presence of slightly increased levels of 1—
25 vitamin D.

In conclusion studies have revealed that renal stone
forming patients have decreased axial and peripheral
bone density that can be related, at least in part, to an
abnormality in bone remodeling, although chronic
calcium deprivation may be a contributing factor.
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