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Abstract

Idiopathic hypercalciuria (IH) is the leading metabolic
risk factor for urolithiasis and affects all age groups
without gender or race predominance. IH has a high
morbidity with or without lithiasis and reduced bone
mineral density (BMD), as described previously in pe-
diatric patients as well as in adults. The pathogenesis
of IH is complex and not completely understood, given
that urinary excretion of calcium is the end result of an
interplay between three organs (gut, bone and kidney),
which is further orchestrated by hormones, such as 1,25
dihydroxyvitamin D, parathyroid hormone, calcitonin
and fosfatonins (i.e., fibroblast growth-factor-23). Usu-
ally, a primary defect in one organ induces compensa-
tory mechanisms in the remaining two organs, such as
increased absorption of calcium in the gut secondary to
a primary renal loss. Thus, IH is a systemic abnormality
of calcium homeostasis with changes in cellular trans-
port of this ion in intestines, kidneys and bones. Re-
duced BMD has been demonstrated in pediatric patients
diagnosed with IH. However, the precise mechanisms
of bone loss or failure of adequate bone mass gain are
still unknown. The largest accumulation of bone mass
occurs during childhood and adolescence, peaking at
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the end of the second decade of life. This accumulation
should occur without interference to achieve the peak
of optimal bone mass. Any interference may be a risk
factor for the reduction of bone mass with increased
risk of fractures in adulthood. This review will address
the pathogenesis of IH and its consequence in bone
mass.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Idiopathic hypercalciuria (IH) is a metabolic alteration of
high prevalence and affects all age groups without gender
or race predominance“’zl. It is considered a risk factor for

urolithiasis and is the major metabolic disorder found in
57

children¥ and adults who have urinary stones

The clinical presentation of I1H includes gross or mi-
croscopic hematuria, voiding symptoms (urinary urgency,
pollakiuria, dysuria, incontinence, enuresis and suprapu-
bic pain), urinary tract infection, as well as back, flank,
or abdominal pain in the absence of urolithiasis and, less
frequently, acute renal colic™'?. The suggested role of
TH in enuresis at present is controversial ',

Two consecutive 24-h urine collections without di-
etetic manipulations are recommended to confirm the
presence of hypercalciuria. Because dietetic factors can
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widely influence urinary calcium excretion, “true” IH is
considered the form of urinary calcium excess that does
not depend on known conditions and in which possible
dietetic disturbances have been eliminated by keeping pa-
tients on a daily diet with 1000-1200 mg of calcium and
no more than 1-1.5 g of protein per kg body weight per
day"”. Depending on age group, excess of dietary cal-
cium (more than 1500 mg/d) can be associated with the
development of hypercalciuriam]

IH is defined as urinary calcium excretion greater than
ot equal to 4 mg/kg per 24 h (0.1 mmol/kg body weight)
for any sex or agel . Tt is also defined as calcium ex-
cretion in relation to creatinine in fasting urine samples
higher than 0.80 for infants, 0.40 for preschool children,
and 0.21 for children and adolescents (0.6 mmol/mmol
calcium/creatinine ratio)[w]. These values can be tem-
porarily higher during adolescence, coinciding with the
rapid growth, which is characteristic of this age. Another
definition of hypercalciuria is based on calcium urinary
excretion per deciliter of glomerular filtration rate of
creatinine in fasting morning urine samples (mg/ 100 mL
of glomerular filtration rate), where values below 0.10 are
considered normal, according to the formula proposed by
Simkin e @/*’. These random urine samples are particu-
larly useful for children who do not have urinary sphincter
control.

Recently, several studies have demonstrated reduc-
tions in bone mineral density (BMD) in adults with IH
as compared to non-hypercalciuric controls, suggesting
that persistent hypercalciuria may lead to decreased bone
mass and increased risk for fracture. Emerging clinical
evidence now points to a similar association between
IH and bone loss in children with or without hematutia
or nephrolithiasis. Although studies in children with 1H
have not been as numerous ot detailed as those in adults,
they raise concern that life-long hypercalciuria might be
an important contributor to diminished bone mass. This
review discusses the evidence for an association between
reduced bone mass and IH in children and possible
causes for such an association.

PATHOPHYSIOLOGY

Pak and colleaguesm classified IH into three distinct
pathogenetic pathways, according to three independent
primary metabolic defects: (1) absorptive hypercalciuria
type 1, when primary intestinal hyperabsorption of cal-
cium is involved; (2) absorptive hypercalciuria type III,
when a primary renal leak of phosphate is present, thus
inducing hypophosphatemia and secondarily 1,25 (OH)2
vitamin D-mediated intestinal hyperabsorption of cal-
cium; and (3) renal hypercalciuria, when a primary renal
leak of calcium with secondary compensatory hyperpar-
athyroidism is present. These authors also distinguished
a form of so-called “resorptive hypercalciuria”, when
hypercalciuria is induced by an excessive output of cal-
cium from bone, for example in patients with Primary
Hyperparathyroidism. In many cases, classification into
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one of these groups has proved difficult and most indi-
viduals appear to have a more generalized acceleration
of calcium transport, which affects all these processes,
and the clinical value of the classification appears limited.
This classification has been widely revised over the years
on the basis of new pathophysiological observations. We
currently know that the pathophysiology of IH is com-
plex and not completely understood, given that urinary
excretion of calcium is the end result of an interplay
between three organs - namely, the gastrointestinal tract,
bone, and kidney. This is further orchestrated by hor-
mones, such as 1,25-dihydroxyvitamin Ds [1,25-(OH)2Ds],
parathyroid hormone (PTH), calcitonin, fibroblast
growth factor (FGF-23), and probably others unknown.
Often, a primary defect in one organ induces compensa-
tory mechanisms in the remaining two organs, such as
increased absorption of calcium in the gut secondary to
a primary renal loss. Thus, IH is a systemic abnormality
of calcium homeostasis with changes in cellular transport
of this ion in intestines, kidneys and bones"***. These
three organs possibly act together as a single system.

The genetic background is also involved in the patho-
genesis of 1H. Studies have shown an increased incidence
of nephrolithiasis and hypercalciuria among first degree
relatives of stone formers, indicating that this disorder
has a genetic basis™. The precise gene or genes that con-
tribute to IH are still unknown. The trait is most prob-
ably polygenic in origin, with contributions from several
genes which may differ from one individual with IH to
another.

Increased intestinal absorption of calcium

Increased gut absorption of calcium is a feature noted
in essentially all patients with IH. Studies have shown
increased calcium uptake in IH compared to normal sub-
jects®™. One potential mechanism for increased absorp-
tion may be the higher levels of serum calcitriol found in
patients with IH compared to normal subjects. Calcitriol
upregulates expression of calcium transport proteins in
the intestine, including the apical calcium channel, the
transient receptor potential cation channel, subfamily V,
member 6 (TRPV6)"". Calcium absorption is directly
related to calcitriol levels, although in some hypercal-
ciuric subjects intestinal calcium absorption appears to
be increased out of proportion to the calcitriol level™.
Patients with IH maintain normal fasting serum calcium
levels and normal or slightly low PTH levels.

Urinary calcium rises in normal subjects as net intes-
tinal calcium absorption increases. However, in patients
with IH, urinary calcium is higher than normal at any
level of net calcium absorption, Balance studies using
controlled diets, demonstrate that urinary calcium is of-
ten higher than net absorption, meaning that some of
the urinary calcium must be derived from bone™. TH
patients will lose bone mineral more readily than normal
when challenged by an extremely low calcium diet™. The
loss of calcium in urine in excess of dietary intake is a
definitive proof of abnormal bone mineral wasting in
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IH, and again suggests that alterations in renal calcium
handling that limit calcium conservation may be a com-
mon feature of IH. It is notable that those patients did
not show a drop in serum calcium or increase in serum
PTH while on low calcium diet compared to levels seen
on a free-choice diet. Serum PTH levels were lower in
IH than in normal subjects on both diets. Overall, it ap-
pears that renal mineral conservation must be abnormal
in TH, and that bone mineral loss is somehow facilitated,
so that despite the absence of dietary calcium to balance
renal losses, serum calcium can remain normal and serum
PTH suppressedm.

A possible mechanism that could explain bone min-
eral lability and abnormal renal tubule conservation of
calcium, as well as increased gut absorption of this ion,
would be an altered tissue vitamin D response. Stud-
ies have supported the idea that high tissue vitamin
D response can produce all the manifestations of IH:
increased gut calcium absorption, decreased renal reab-
sorption, and increased mobilization of calcium from

P43 Several possible mechanisms could account for

bone
an increased tissue vitamin D response: serum calcitriol
itself, the vitamin D receptor, or other factors.

A rat model of hypercalciuria has been generated
by breeding rats for increased urine calcium excretion,
and has been called the genetic hypercalciuric stone-
forming (GHS) rat””. Like humans with TH, GHS rats
have increased gut absorption of calcium, decreased renal
calcium reabsorption, and a tendency to bone deminer-
alization. When placed on low-calcium diet, they excrete
more calcium than is absorbed, indicating a loss of min-
eral bone™. Overall, they have a systemic abnormality in
calcium homeostasis, which appears to be similar to that
found in human stone formers with IH. Unlike many
humans with IH, 1,25(OH)2D5 levels are normal in those
rats. However, significantly higher levels of vitamin D
receptors (VDR) have been found in bone, kidney and
intestine, compared to normal rats, which would explain
the increased sensitivity to 1,25(OH)2Ds5 found in tissue
samplesm. In the gut, vitamin D-responsive genes are
expressed at increased levels in response to small doses of
1,25(OH)2D3[381, with consequent increase in expression
of proteins related to calcium homeostasis, such as epithe-
lial calcium channels (TRPV6 in gut), and calbindins. The
calcium sensing receptor (CaSR) is another 1,25(OH)2Ds
responsive gene, and increased levels of CaSR protein and
mRNA have also been found in the kidneys of GHS rats
compared to control rats fed the same diet™.

Humans with IH frequently have high 1,25(OH)2Ds
levels, and administration of calcitriol to normal men
can replicate much of the picture seen in IH. The impoz-
tance of 1,25(OH)2Ds in IH was further demonstrated
by a study of 19 hypercalciuric subjects treated with
the CYP450 inhibitor ketoconazole, which suppresses
1,25(OH)2Ds levels by 30%-40%"". This is consistent
with the abnormalities seen in the GHS rat.

Whether VDR levels are increased in some patients
with IH is unclear. One study has looked at VDR in pe-
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ripheral blood monocytes from 10 male stone formers
with IH, compared with age-matched normal controls™".
The VDR levels were twice as high in patients with IH,
while 1,25(OH)2Ds levels did not differ. Increased lev-
els of VDR could lead to an increased tissue effect of
1,25(0OH)2Ds, despite comparable serum levels of the
hormone. However, whether monocyte VDR expression
reflects tissue levels of VDR is not known.

Renal mineral handling

Renal calcium handling in most patients with IH differs
from normal. When hypercalciuric patients are placed on
a very low calcium diet, most are unable to reabsorb cal-
cium with the same efficiency as normal subjects. Even
on diets that provide normal or increased amounts of
calcium, many subjects excrete calcium in excess of ab-
sorption. Patients with IH have an increased fasting frac-
tional excretion of calcium, and many have fasting hyper-
calciuria, suggesting a role for decreased tubule calcium
reabsorptionm]. Alternatively, the increased absorption of
calcium with meals could lead to a post-absorptive rise in
blood calcium that increases the filtered load™. Theoreti-
cally, PTH could also be suppressed, thereby decreasing
tubule calcium reabsorption. Worcester e al* studied ten
stone formers with IH (5 female) and seven normal sub-
jects (4 female) during a 3-meal day, while on diets com-
posed of whole foods containing equivalent amounts of
daily calcium (1160 mg), phosphorus (1240 mg), sodium
(2141 mg) and potassium (2427 mg). They found that
neither ultrafiltrable calcium nor filtered load of calcium
differed between the normal subjects and those hypercal-
ciuric, either while fasting or after meals. However, uri-
nary calcium excretion was significantly higher after meals
in subjects with IH, and fractional reabsorption was lower
both during the fasting and the post-absorptive periods.
Therefore, the increased calcium absorbed with meals in
IH is removed into the urine mainly iz decreased tubule
reabsorption and this occurred despite the fact that PTH
levels did not differ between normal subjects and those
with IH, either fasting or with meals. Although PTH
levels fell with meals in both groups, PTH levels over-
lapped in the two groups, and at any given level of PTH,
calcium reabsorption was significantly lower in subjects
with TH™. Recently, Worcester a# a/™” showed that stone-
forming patients with IH, eating fixed and identical high-
calcium and normal diets, reduce distal and proximal
tubule calcium reabsorption more than matched controls
with each meal. Then, at identical serum calcium levels
and calcium-filtered loads they excrete more calcium'®.
Studies in the genetic hypercalciuric rat demonstrated
alterations in both proximal tubule and thick ascending
limb calcium reabsorption, with more calcium delivery to
distal tubules. Similar studies in humans have begun to
provide evidence about the corresponding abnormalities
in stone formers with TH™™*". Studies provide evidence
for a defect in renal phosphate reabsorption in some
hypercalciuric patientsm]. Although levels of phosphate
are within the normal range, fractional reabsorption of
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phosphate after meals is decreased compared to controls.
The ability to conserve phosphorus on a low-phosphorus
diet may be compromised, and IH patients show a trend
toward negative phosphorus balance, even on normal
intakes. Many patients with IH have slightly decreased se-
rum phosphate levels, and perhaps 15%-20% are frankly
low. It has been suggested that some of those patients
have a defect in phosphate metabolism, which may lead
to elevated 1,25(OH)2Ds levels, and increased calcium
absorption. Prie ez al* studied 207 calcium stone form-
ers with normal PTH levels and compared them to 105
normal subjects of similar age. The stone formers of
both sexes had a significantly decreased renal phosphate
threshold (TmPi). The stone formers with low TmPi had
lower serum phosphate levels and higher urine calcium
excretion than stone formers with TmPi > 0.63 mmol/
L, but their 1,25(OH)2Ds levels did not differ, although
1,25(OH)2Ds levels of both groups exceeded that in
the normal subjects. An abnormal phosphate excretion
may be part of a more general defect in proximal tubule
function, although this defect may not explain raised

1,25(OH)2D:s levels in many hypercalciuric patients'”.

Dietary components and urinary calcium excretion

Diet has an effect on urinary calcium excretion, in both
normal subjects and those with IH. The increasing so-
dium intake also is accompanied by increased urinary
calcium excretion. In healthy subjects, the urinary calcium
increases about 0.6 mmol/d for each 100 mmol/d incre-
ment in sodium excretion™. Increased dietary protein
intake will also raise urinary calcium excretion, by about
0.04 mmol/gram protein intake in healthy men and
women" . Metabolism of ingested protein creates an
acid load, due to the oxidation of organic sulfur in ami-
noacids to sulfate, leading to increased excretion of net
acid and calcium. Administration of alkali reduces both
net acid and calcium excretion. The increase in net acid
production inhibits renal tubular calcium reabsorption.
Studies in mice have shown that induction of acidosis
leads to decreased renal tubular expression of the distal
tubular apical calcium channel TRPV5. Mice in which the
TRPV5 gene was inactivated did not have an increase in
calcium excretion with acidosis™. Decreasing protein
intake decreases urine calcium excretion and recurrence
of calcium stones”". However, urinary calcium is higher
in patients with IH than among normals at comparable
levels of acid excretion, suggesting that high protein in-
take worsens but does not usually cause this metabolic
abnormality.

Several rapidly metabolized nutrients (glucose, sucrose,
ethanol) cause increased excretion of urinary calcium due
to diminished tubular calcium and magnesium reabsorp-
tion, and patients with IH appear to have an exaggerated
calciuric response to a carbohydrate load””, Urine phos-
phate excretion may be increased at the same time""

Others regulators of urine calcium and phosphate
Other urinary calcium and phosphate regulators have
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been described. Regulated renal calcium transport in-
volves a calcium channel, TRPV5, found in the distal
nephron and it is closely related to the analogous channel,
TRPV6, found in the gutm. Proximal tubule phosphate
transport is primarily conducted by a sodium-phosphate
co-transporter, NPT-2a, a member of the type 2 family
of phosphate transport proteins”™. Both transporters are
controlled by the PTH-vitamin D axis, although in the
last few years new transport regulators have been identi-
fied.

Phosphatonins are regulatory factors of phosphate
metabolism and the FGF-23 is the best studied of them.
FGF-23 is a 251-amino acid factor that differs from other
FGF family members by having a 71-amino acid exten-
sion at the carboxyl-terminal end of the molecule that
is specific for this factor. FGF-23 is produced primarily
in bone tissue by osteoblasts and osteocytes”, Tnitially
related to autosomal dominant hypophosphatemic rickets
(DAHR)” and tumor-induced osteomalacia (TIO)"",
FGF-23 appears to play an important part in regulating
the metabolism of minerals, especially phosphorus[ﬁzl
Unlike other components of the family of FGE, FGF-23
has systemic and not only local action. Receptors to
FGF-23 are present in many tissues and its actions were
recently well described by Gattineni and Baum™. How-
ever, FGF23 downstream signaling was detected only in a
very restricted range of tissues including kidney (the dis-
tal convoluted tubules), parathyroid glands and the brain
(the epithelium of the choroid plexus)m. The reason
for this is that in order to exert its effect on its receptor,
FGF-23 needs its essential cofactor Klotho present. The
latter is a transmembrane protein which is highly ex-
pressed in the kidney and, to a lesser extent, in the PTH
glands and serves as an obligate co-receptor, enabling
FGF-23 to interact with its receptor[()sl. Thus, Klotho is
the modifier which dictates which tissues will respond to
FGF-23.

Klotho that co-localizes in distal convoluted tubules
with TRPV5, appears critically important to calcium re-
absorption'™, The effect of Klotho appeats to involve its
ability to cleave a carbohydrate residue from the calcium
channel, which increases TRPV5 activity by trapping it
in the plasma membrane®. Knockout mice overexpress-
ing the 25(OH) D-1o-hydroxylase, and have high serum
1,25(0OH)2Ds levels with consequent hypercalcemia and
hypercalciuria. Subtle variations in Klotho could possibly
cause a syndrome like IH if 1,25(OH)2D; increase were
not so high as to cause hypercalcemia. Thus, FGF-23
reduces tubule phosphate reabsorption and 1,25(OH)2Ds
synthesis. Variations in the Klotho-FGF23 axis could
mediate alterations in calcium and phosphate handling by
the kidney, and play a role in H".

Bone alterations

BMD is often mildly decreased in adults”” ™ and children
with TH™™. In hypercalciuric children bone loss can re-
sult from increased bone resorption, decreased bone for-
mation, or both. Histological changes due to bone IH are
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little known and existing reports are not homogeneous,
because histomorphometric studies are rare for this dis-
case. In adults with absorptive IH, findings from bone
biopsy analysis are most consistent with a defect in bone

formation™*4

, while, in a smaller subset of patients with
renal calcium leak, bone loss has been shown to be the
result of increased bone resorption[83’84]. A few studies in
pediatric hypercalciuric patients have determined the un-
derlying mechanism for the hypercalciuria, although both
renal and absorptive subtypes have been reported with
a slightly greater prevalence of renal hypercalciuria[ss’gé].
However, there have been no bone biopsy studies of
affected children and only limited data on biochemical
79 Since most children with
IH demonstrate normal longitudinal growth, it seems less
likely that there is an alteration in bone formation. A bet-

ter explanation for decreased bone mass in those children

markers of bone turnover

appear to be increased bone tesorption and/or turnover.

Potential causes of deranged bone remodeling in chil-
dren with TH, which lead to low BMD, have been listed.
Aside from genetic influences, nutritional and metabolic
causes should be considered.

Interleukin-1 (IL-1) is known to be a potent stimula-
tor of osteoclastic bone resorption. One study suggests
that mononuclear cells from patients with fasting hyper-
calciuria have an increased production of IL-1, explaining
the low vertebral BMD in these patients[87’88]. Other bone
resorbing cytokines such as IL.-6 and tumor necrosis
factor (TNF) have also been reported to be increased
in patients with IH™. However, the expression of IL-1
mRNA by peripheral blood mononuclear cells from IH
children did not differ from that of controls. Addition-
al observations in children with IH and in their patrents
will be necessary to exclude this as a potential cause of
reduced bone mass and hypercalciuria.

Prostaglandin E2 (PGE2) is another potent stimula-
tor of bone resorption, but it can also inhibit osteoblastic
collagen synthesis. Aside from inflammatory conditions,
PGE2 may also be increased during nutritional acid load-
ing, since it may serve as a mediator of the acid-induced
increase in bone resorptionm. It is not known whether
a diet high in animal protein in humans can increase
systemic PGE2 concentrations sufficiently enough to af-
fect bone remodeling. It is interesting to note that, in the
study by Garcia-Nieto e/ 4/, children with TH had higher
urinary excretion of PGE2 and lower urinary excretion
of citrate. However, urinary excretion of PGE2 for all
hypercalciuric patients was significantly correlated with
calciuria and not with BMD.

BONE DISEASE IN IDIOPATHIC
HYPERCALCIURIA

Life-long hypercalciuria might be an important contribu-

tor to diminished bone mass or failure of adequate bone
mass gain. Reduced BMD with increased bone remodel-
ing has been described in adult patients with IH since
the 1970%/*%% " Studies in children began with
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Stapleton ez al® in 1982. The authors assessed bone min-
eralization in children with IH who were divided accord-
ing to the test of acute oral calcium ovetload (TAOCaO,
currently in disuse) in renal and absorptive hypercalciuria
and found linear similar skeleton growth in both patients
groups[ss’%]. The same authors in 1989 studied BMD of
76 children with IH and a control group. There were
no significant differences in BMD between patients and
controls or between patients with renal and absorptive
hypercalciuria. Similarly, no correlation was found be-
tween BMD, PTH and osteocalcin”™. In early 90, new
studies showed the existence of bone changes in pediat-
ric patients with IH. Perrone and colleagues (1992) in a
prospective study of 20 Brazilian children with absorp-
tive hypercalciutia classified according to the TAOCaO
test, treated with dietary restriction of calcium and/or
rice bran, showed improvement in lumbar spine BMD in
those treated compared with those untreated””. In 1997,
the BMD of the lumbar spine (L2-L4) and bone markers
of bone formation and resorption were assessed in 73
white children with IH. The patients had elevated osteo-
calcin and calcitriol blood levels, as well as magnesium
and prostaglandin E2 urinary levels. In contrast, they had
decreased tubular reabsorption of phosphate, ammo-
nium urinary excretion and BMD compared with con-
trols. Osteopenia was present in 30% of the patients with
hypercalciuria. BMD was negatively correlated with age,
suggesting that children with hypercalciuria have progres-
sive bone loss of unknown etiology ™. It is possible that
increased cytokine activity can explain the pathophysiol-
ogy of reduced BMD in these patientslgsj.

Freundlich and colleagues, considering the possibility
that peak bone mass and final bone mass of adults may
be determined by genotype, studied the BMD (lumbar
spine and femur) and bone resorption markers (pyridi-
noline, deoxypyridinoline and telopeptide) of 21 children
with IH and of their premenopausal mothers. The au-
thors found osteopenia in 38% of children and in 33%
of their mothers. In 57% of mother-son pairs, osteope-
nia was found and in 70% of the asymptomatic mothers
the diagnosis of IH was made. No correlation was de-
tected between urinary calcium excretion and BMD. The
bone resorption markers were increased in 57% of the
mothers with osteopeniam.

Garcia-Nieto ez /™ in 2003, evaluated BMD in 40
girls with IH and in their premenopausal mothers from
whom they had inherited this disease. A Z-score of <
-1 at the lumbar spine was found in 42.5% of the girls,
whilst in the mothers, a Z score of < -1 at the lumbar
spine and/or femoral neck was observed in 47.5% and a
T-scote of < -1 at the lumbar spine and/or femoral neck
in 62.5%. The Z-score at the lumbar spine was signifi-
cantly lower in the girls and their mothers compared to
controls. Z-scores in the girls of mothers with osteopenia
were significantly lower or there was a trend for the score
to be lower than in gitls of mothers with normal BMD.
There was a significant relationship between the Z-score
of the girls and the T-score at the lumbar spine in the
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mothers (» = 0.32, P < 0.05). The authors suggest that
BMD should be measured during the third or fourth de-
cades of life in those individuals with nephrolithiasis or
with children diagnosed as having TH"™,

In the same year, Penido ¢ a/’ studied a group of 88
children with IH with a median age of 9.4 years at the time
of diagnosis of hypercalciuria. As controls, the authors
studied 29 children and adolescents (median age 9.7 years)
without hypercalciutia. BMD of the lumbar spine, femo-
ral neck, and whole body were all significantly lower for
the IH children than for controls. BMD Z-score was
significantly reduced at the lumbar spine in 31 (35%) pa-
tients. Sixty-three (72%) of the IH patients demonstrated
an exaggerated fasting calcium/creatinine ratio, suggest-
ing that fasting hypercalciuria might have been the result
of increased bone turnover. Examination of biochemical
markers of bone turnover demonstrated increased uri-
nary N-telopeptide excretion in the IH subjects, as well as
increased serum osteocalcin. These findings further sup-
port the suggestion of low bone mass in children with
hypercalciuria and that the decreased bone mass might
have been due to increased bone turnover!™.

Skalova et al’” in 2005, examined 15 patients with
IH. The values for 24 h urinary calcium and N-acetyl-
B-D-glucosaminidase (NAG), a marker of renal tubule
impairment, were significantly higher, while lumbar
BMD was significantly lower than reference values from
a healthy European pediatric population. Forty percent
of the patients had BMD Z-scores between -1 and -2
standard deviations (SD) and 20% had BMD Z- scores
below -2 SDs. In addition, the authors found an inverse
and significant correlation between BMD and 24h calci-
uria although there was no correlation between urinary
NAG/ creatinine and 24h calciuria or BMD.

In 2006, Penido ef al™ evaluating 88 children and ado-
lescents with 1H, 44 with idiopathic hypocitraturia (IHC)
and 44 without, found that those with IHC had greater
reduction in BMD in the absence of metabolic acidosis.
The authors also identified a significant reduction in blood
pH and bicarbonate in the group with IHC, although ve-
nous blood gases were normal in all patients. It was pos-
tulated that lower blood pH and bicarbonate in patients
with IHC could indicate that the primary event would be
an intracellular acidification defect present in all patients
with IH, but more severe in those patients with IHC. The
more acidic intracellular environment in patients with
IHC would stimulate bone buffering, leading to loss of
bone calcium into the urine, and could result in reduced
bone mass with decreased BMD. In this study, although
age did not differ between patients with and without IHC,
patients with IHC had significantly lower weight, height,
body mass index (BMI) and bone age, suggesting an effect
of THC on growth™. These results also allowed the au-
thors to consider whether IHC in the absence of systemic
acidosis could alter bone metabolism of patients with IH,
thereby interfering with growth. This hypotheses was not
proved and requires further investigation with prolonged

clinical monitoring of patients with IH and THC™.
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BMD was studied in 104 children with IH (43 M, 60 F)
on two occasions. Densitometry (ZDMOT1) was first pet-
formed at 10.7 £ 2.6 years and again (ZDMO-2) at 14.4 £
2.7 years. At the first densitometry, 64 children (62.1%) had
osteopenia and an the second, 54 (52.4%). Sixty-two pa-
tients (60.2%) improved their ZBMD value (Group A) and
41 (39.8%) worsened (Group B). Compared to children in
Group B, Group A had significantly higher BMI as well
as creatinine, uric acid and sodium levels. Among these
groups, there were no differences in the values of calciuria,
citraturia or age or time elapsed between two densitome-
tries. The value of ZDMO-2 was related to the IMC2 (r =
0.42, P < 0001). In patients who remained with osteopenia,
hypercalciuria persisted in 17.6% and those with ZDMO-2
and normal calciuria, remained high at 35.4% (P = 0.02).
The authors concluded that there is a certain tendency to
spontaneously improve BMD in children with IH. The
improvement in BMD is associated with increased body
mass. They also concluded that calciuria is normalized in
a high percentage of cases and they believe that, except in
case of fractures, drug treatment with bisphosphonates or
thiazides is not indicated initially””.

Moreira Guimaries Penido e# o/ (2012) studied the
bone mass of 80 pediatric patients with IH. Bone densi-
tometry was carried out by DXA and lumbar-spine BMD
(g/cm”) and BMD Z-scores were evaluated before and
after treatment. The patients (43 boys and 37 girls) were
followed for a median time of 6.0 years. Median of cal-
cium excretion was 5.0 mg/kg per 24 h before treatment
and 2.6 after treatment. BMD before and after treatment
with potassium citrate or potassium citrante and thiazides
were 0.721 £ 0.175 g/cm® and 0.845 £ 0.170 g/cm’,
respectively (P < 0.00001). BMD Z-score also changed
significantly from -0.763 £ 0.954 to -0.537 £ 0.898 (P <
0.0001). The authors suggested a beneficial effect and
potential value of treatment in these patientsmJ

Finally, it is known that reduced BMD and IH are
closed entities, although the precise mechanisms of bone
loss or failure of normal bone mass gain remain unknown.
The largest accumulation of bone mass occurs during
childhood and adolescence, peaking at the end of the sec-
ond decade of life"™""", This accumulation should occur
without interference in order to achieve the peak of op-
timal bone mass. However, alterations in childhood bone
mass acquisition may not affect bone mass many decades
later in late adulthood because it is governed by a homeo-
static system that tends to teturn to a set point after any
transient perturbationlwzj. A persistent disturbing factor
may therefore compromise the final bone mass in adult-
hood""'". Factors such as irregularities in sun exposure
and physical exercise, chronic reduction in calcium intake
and continued loss of urinary calcium can be considered
risks factors for alterations in bone structure and low bone
mass and density throughout life, increasing the risk of os-
teopenia, osteoporosis and fractures later in life!"> "™,

CONCLUSION

Since the seventies, the hypothesis that continuous el-
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evation in urinary calcium exctetion could be associated
with some degree of bone loss has become more clearly
defined. Studies in adults have demonstrated that while
bone density is substantially normal or only slightly re-
duced in patients with calcium nephrolithiasis without
hypercalciuria, significant bone loss is present in patients
with kidney stones and IH. Bone loss seems mainly to
involve those skeletal sites whete trabecular bone is mote
represented, such as vertebral bodies***#H Despite
the rather limited number of studies to date in children
with IH, the majority of results are consistent with the
view that there is a dectease in BMD, particularly at the
spine, like in adults. The precise mechanisms contributing
to bone loss or the failure of adequate bone mass gain
remain as yet unknown. Any continuous and persistent
interference in bone mass gain may be a determining fac-
tor for low BMD, with an increased risk of osteopenia,
osteoporosis and fractures in adulthood" ™",

There are no data on the role of hypercalciuria as a
risk factor for fractures. However, low bone mass is 2 ma-
jor risk factor for fracture. Therefore, future studies will
be important to define the contribution of hypercalciuria
in the increased risk of fractures.
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