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Frequency of renal phosphate leak among patients with

calcium nephrolithiasis
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Frequency of renal phosphate leak among patients with cal-
cium nephrolithiasis.

Background. Nephrolithiasis is a frequent disorder affecting
10 to 15% of the population in Europe and the United States.
More than 80% of renal stones are made of calcium oxalate
and calcium phosphate. The main identified risks for calcium
renal stone formation are hypercalciuria and urinary satura-
tion. A urine phosphate (Pi) loss is often associated with hyper-
calciuria; furthermore, hyperphosphaturia increases urinary
saturation.

Methods. To determine whether urinary phosphate loss is as-
sociated with calcium urolithiasis, we measured renal Pi thresh-
old (TmPi) in 207 stone formers with normal parathyroid hor-
mone (PTH) serum concentration and in 105 control subjects.

Results. The TmPi followed a normal distribution in both
groups. The mean TmPi was significantly lower in stone formers
versus controls (0.72 = 0.13 vs. 0.87 = 0.18 mmol/L, P < 0.0001)
because of a shift to the left of the TmPi distribution curve in
the stone former population, with no evidence for bimodal
distribution. Five percent of the controls had a TmPi <0.63
versus 19% of the stone formers. Daily urinary calcium excre-
tion was significantly higher in stone formers than in controls.
Calcium excretion was also significantly higher in stone formers
with TmPi <0.63 mmol/L compared with those with TmPi
=(0.63. Serum PTH and ionized calcium concentrations were
not different in stone formers and in control subjects, whatever
the TmPi value.

Conclusions. A low TmPi is more frequently encountered
in stone formers with a normal PTH concentration than in
control subjects and is associated with a high urinary Ca excre-
tion. The hypophosphatemia induced by a renal phosphate
leak may predispose the subject to calcium stone formation by
increasing the serum calcitriol level, calcium excretion, and
urinary saturation.

Nephrolithiasis is a common disorder affecting 10 to
15% of the population during their lifetimes in Europe
and the United States [1-3]. Renal stones cause severe
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pain, lead to hospitalization for shock wave lithotripsy
or surgery, and tend to recur at a rate of approximately
75% during 20 years [4, 5]. A better understanding of the
mechanisms involved in stone formation should improve
the prevention of their recurrence. More than 80% of renal
stones are composed of calcium oxalate and calcium phos-
phate [5]. Hypercalciuria is one of the main risk factors
for idiopathic calcium stone formation. Hypercalciuria in
normocalcemic patients has been classified in absorptive
hypercalciuria (types I and II), renal hypercalciuria, and
renal phosphate leak (absorptive hypercalciuria type III)
[6]. In the latter, it is postulated that the decrease of the
renal capacity to reabsorb phosphate leads to hypophos-
phatemia that in turn increases 1,25(OH), vitamin D
synthesis, increasing phosphate and calcium intestinal
absorption responsible for hypercalciuria. Furthermore,
hyperphosphaturia may by itself increase the risk of stone
formation by increasing urinary saturation.

A decrease of the renal phosphate threshold normal-
ized for the glomerular filtration rate (TmPi) in patients
with calcium nephrolithiasis has been reported by several
groups [7-12]. The frequency and characteristics of this
disorder in a large population of calcium stone formers
are, however, unknown. From January 1, 1996, to De-
cember 31, 1999, we investigated 230 patients with cal-
cium renal stones. TmPi and renal function parameters
were measured in these patients and in 105 control sub-
jects with no history of nephrolithiasis. We compared
the TmPi distribution in the two populations and showed
that renal phosphate leak is a common disorder, affecting
approximately 20% of calcium stone formers with nor-
mal parathyroid function (SF). In SF, calciuria was sig-
nificantly higher in patients with a low TmPi than in those
with normal urinary phosphate excretion.

METHODS

All investigations were performed in ambulatory
subjects.
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Stone formers

From January 1996 to December 1999, 230 patients were
investigated in our department for calcium urolithiasis.
All patients were evaluated using an ambulatory proto-
col. All patients were asked to follow a diet restricted
in calcium during the two days before the investigation.
The investigation was conducted in the forenoon on fast-
ing subjects and at least one month after a pain episode.
Serum calcium, phosphate, and standard blood parame-
ters were measured. To determine glomerular filtration
rate (GFR), the patients were infused with inulin (Inutest
25%), and urine was collected every hour by spontaneous
voiding during three hours. Blood samples were drawn at
the same time. In all patients with normal parathyroid
function, the biochemical markers of bone remodeling
(serum osteocalcin concentration, urinary deoxypyrido-
line) were within the normal range.

Control subjects

One hundred five subjects were referred to our depart-
ment for GFR assessment during the same period of time
(from January 1996 to December 1999). These patients
exhibited mild-to-medium lesions of psoriasis and were
scheduled to receive low doses of cyclosporine A. These
patients were investigated using the protocol described
previously in this article, except for parathyroid hormone
(PTH) and 1,25(OH), vitamin D concentrations, which
were measured in only 28 subjects. None of the patients
had received any medication during the month prior to
the investigation, and none had a history of urolithiasis.
All had a normal GFR.

All the investigations were conducted in the Depart-
ment of Physiologie Explorations Fonctionnelles using
our standard protocols in accordance with the French
rules concerning research in humans.

All measurements were made on site using routine meth-
ods. PTH concentrations were determined by an immu-
noradiometric assay recognizing the intact 1-84 PTH
(ELSA-PTH kit; CIS Biointernational, Gif-sur-Yvette,
France). Normal values ranged from 11 to 62 pg/mL.
Serum 1,25(OH), vitamin D concentrations were mea-
sured by radioimmunoassay (INCSTAR, Stillwater, MN,
USA). Normal values ranged from 15 to 42 pg/mL.

The renal phosphate threshold normalized for GFR
(TmPi; mmol/L) was calculated according to the nomo-
gram of Walton and Bijvoet [13].

Statistical analysis

Data were compared using a two-way analysis of vari-
ance and a least-significant difference test when P <
0.05. All results were expressed as mean = SEM.

RESULTS

Among the 230 patients referred to our department
for urolithiasis, 10% (23 patients) exhibited high PTH

Table 1. General characteristics of control subjects and
patients with urolithiasis

Urolithiasis Controls
Number 207 105
Males/females 142/65 49/56
Age (mean * SE) 422+0.83 41.2+1.33

Patients with hyperparathyroidism were excluded.

and ionized calcium serum concentrations (PTH, 101 =
18 pg/mL; Ca**, 1.33 = 0.03 mmol/L). Since high PTH
levels are known to decrease the tubular maximal thresh-
old for phosphate reabsorption (TmPi), the data from
these patients were not included in the rest of the study.
The main characteristics of the remaining 207 stone for-
mers with normal serum-ionized calcium and PTH con-
centrations (SF) and of the 105 control subjects (CS) are
presented in Table 1. The mean age was similar between
the two groups. As expected, the sex ratio was signifi-
cantly different between the two groups. Males repre-
sented two thirds of the patients with urolithiasis and
50% of the control subjects.

In the two populations, TmPi followed a normal distri-
bution (Fig. 1). The mean TmPi, however, was signifi-
cantly lower in SF than in controls (0.72 = 0.13 vs. 0.87 *
0.18 mmol/L, respectively, P < 0.0001; Fig. 1 A, C). The
curve obtained from patients with urolithiasis was shifted
to the lower values, with no evidence for bimodal distri-
bution. Similarly, the mean serum phosphate concen-
tration was significantly lower in SF than in controls
(0.87 = 0.12 vs. 0.96 = 0.14, respectively, P < 0.0001).
The fractional excretion of phosphate was significantly
increased in SF compared with CS (19.6 = 0.6 vs. 15.2 =
0.7, P < 0.0001).

The difference in TmPi values between the two groups
was not due to a difference in the sex ratio (Table 1).
Within each group, TmPi was not significantly different
in males and females; furthermore, comparing the males
and females separately between the two groups showed
that the mean TmPi was lower in the SF of both genders
as compared with controls (Fig. 2).

Ninety-five percent of the subjects in the control group
had a TmPi greater than 0.63 mmol/L (Fig. 1D). This
value of TmPi (0.63 mmol/L) was used to define further
the group of patients with urolithiasis and normal serum
PTH and ionized calcium concentrations. Thirty-nine of
these patients (19% of all SF) exhibited a TmPi lower
than 0.63 mmol/L (Fig. 1A). In this subgroup, designated
as low TmPi SF, the serum phosphate concentration
was lower than that in SF with a TmPi =0.63 mmol/L
(Table 2). This latter group was designated as “normal”
TmPi SF.

Hypercalciuria, regardless of its mechanism, is one of
the main risk factors for stone formation [14]. Further-
more, it has been postulated that renal phosphate leak-
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Fig. 2. Values of TmPi in stone formers and in controls according to
gender. TmPi were significantly lower in male stone formers compared
with male control and in female stone formers vs. female controls
(***P < 0.0001). There was no difference in TmPi according to gender
in stone formers and in controls.

induced hypophosphatemia may induce hypercalciuria
by increasing the serum calcitriol concentration, result-
ing in increased intestinal calcium absorption and bone
resorption. Urinary calcium excretion per 24 hours in
stone formers with and without low TmPi was signifi-
cantly increased compared with that in controls. In addi-
tion, daily calcium excretion in stone formers with low
TmPi was significantly higher than that in stone formers
with “normal” TmPi (Fig. 3). We also found that calcium
excretion was higher in stone formers with TmPi =0.63
than in control subjects.

Parathyroid hormone is a major determinant of TmPi.

Hyperphosphaturia in patients with urolithiasis has been
reported by several authors [7-12]; however, the fre-
quency of alow TmPi among SF with normal parathyroid
function is unknown, and the distribution of TmPi in this
population has never been reported to date. We observed
that TmPi is distributed across the entire bell-shaped
curve in SF with a normal PTH concentration and in the
control population. In both populations TmPi values are
distributed following a normal distribution, that is, a bell-
shaped curve. The lower values of TmPi in SF were not
due to a specific subgroup, since no bimodal distribution
was observed. This suggests that low TmPi is a complex
trait controlled by multiple factors.

The cause of the decreased TmPi in SF is not eluci-
dated. None of these patients had a history of rickets, and
there were no arguments in favor of familial hypophospha-
temia, such as those encountered in familial X-linked
or autosomal-dominant hypophosphatemic rickets [15].
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Table 2. Serum concentrations of parathyroid hormone (PTH), ionized calcium, calcitriol, and phosphorus in stone former patients (SF)
according to renal Pi threshold (TmPi) values and in controls

Stone formers

Stone formers

TmPi <0.63 mmol/L TmPi =0.63 mmol/L Controls
N 39 168 105
Phosphorus mmol/L (NI range, 0.85-1.44 mmol/L) 0.73+0.01° 0.91 £0.01° 0.96 +0.01
Tonized calcium mmol/L (NI range, 1.15-1.25 mmol/L) 1.22+0.01 1.22+0.01 1.21 £0.01
PTH pg/mL (NI range, 11-62 pg/mL) 33.8+2.2 34.6+1.0 33.5+2.4¢
1,25(OH), vitamin D pg/mL (NI range, 10-42 pg/mL) 454 +3.9° 44719 32=x2.7¢

Patients with hyperparathyroidism were excluded. NI is normal.

Serum PTH and ionized calcium concentrations were not statistically different between the three groups. N is the number of patients in each group.

2P < 0.05 compared to control

" P < 0.0001 vs. control and stone formers with TmPi =0.63 mmol/L
¢P < 0.005 vs. control

¢PTH and 1,25(OH), vitamin D were measured only in 28 patients
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Fig. 3. Daily excretion of calcium in controls and in stone formers with
TmPi =0.63 mmol/L or <0.63 mmol/L. *P < 0.05, ***P < 0.0005
compared with controls; #P < 0.05 stone formers with TmPi <0.63 vs.
=(.63 mmol/L.

Similarly, the clinical and biochemical presentations
were very different from those observed in oncogenic
hypophosphatemic osteomalacia [16]. Recently, an inac-
tivating mutation in the CLCN) gene, a gene implicated
in X-linked nephrolithiasis/Dent’s disease, has been re-
ported in one patient with isolated idiopathic hypercalci-
uria [17]. However, the CLCN5 mutation is a very rare
finding among patients with urolithiasis [17]. The de-
crease of TmPi in SF was not secondary to an increase
in PTH or PTH hypersensitivity, since serum PTH and
ionized Ca concentrations were normal and similar in
SF with low or normal TmPi as well as in controls. These
results are in line with our previous report showing that
urinary cAMP excretion was normal in patients with an
idiopathic renal phosphate leak [18].

It is interesting to note that a dissociation between
serum PTH values and TmPi is also observed in humans

during a low-phosphate diet. In normal subjects, phos-
phate deprivation increases TmPi and serum 1,25(OH),
vitamin D concentrations, but does not significantly de-
crease serum PTH concentration and nephrogenic cAMP
excretion and does not modify serum calcium concentra-
tion [19, 20]. The PTH-independent mechanisms that
influence phosphate reabsorption by the kidney are still
largely unknown. Hypercalciuria is present in a phos-
phate-deprived diet and in a renal phosphate leak; how-
ever, the low urinary phosphate excretion in the former
state may protect against stone formation, as discussed
later in this article.

The decrease of TmP1i in SF was associated with hypo-
phosphatemia. Hypophosphatemia is known to increase
1,25(OH), vitamin D synthesis [20]. In agreement with
that study, 1,25(OH), vitamin D concentrations in SF
were close to or above the upper normal values of our
laboratory. However, 1,25(OH), vitamin D concentrations
were not significantly different between SF with normal
and low TmPi, although hypophosphatemia was lower
in the latter group than that in the former group. These
observations suggest that high calcitriol levels in stone
formers may be due to various mechanisms, one of them
being hypophosphatemia secondary to the renal phos-
phate leak. Some stone formers with an increased serum
1,25(OH), vitamin D concentration did not exhibit a renal
phosphate leak and hypophosphatemia. This observation
has also been reported by different investigators [21-23].
The cause of the increase of 1,25(OH), vitamin D con-
centration in stone formers is still unknown. The search
for linkages between renal stone formation and polymor-
phisms of the genes of the vitamin D receptor [24] or
the 1a hydroxylase [25] has been unsuccessful to date.

It is known that urinary calcium excretion is higher in
stone formers than in controls, although the mechanisms
involved are not unequivocal. Our results show that stone
former patients with a lower TmPi had greater daily uri-
nary calcium excretion than patients with normal TmPi.
This observation suggests a link between renal phosphate
leak and hypercalciuria in these stone formers.
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It is impossible to conclude from this study whether
renal stones recur more frequently in SF with a low TmPi
and normal parathyroid function versus SF with a normal
TmPi. It is also unknown whether the rate of stone occur-
rence is higher in subjects with low TmPi than in a control
population. However, the shift of TmPi distribution to
the lower values and the high frequency of patients with
low TmPi in SF compared with controls suggest that hyper-
phosphaturia may be a factor facilitating or increasing
the risk of stone formation. It has been reported recently
that in hypercalciuric rats, a low-phosphate diet decreased
phosphaturia, preventing stone formation, although hy-
percalciuria was augmented further [26]. These results
together with those of our study suggest that regardless of
the mechanism involved, the increase of phosphate excre-
tion may augment urine saturation, and hence promote
calcium stone formation. Conversely, decreasing phos-
phaturia may contribute to the prevention of calcium
renal stone recurrences. We have shown that dipyridam-
ole was able to increase renal phosphate reabsorption
and serum phosphate concentration and to normalize
calciuria and 1,25(OH), vitamin D in patients with idio-
pathic renal phosphate leak [18], and we recently ex-
tended these results to patients with urolithiasis and low
TmPi presented here (unpublished personal data). It
will be interesting to study the effect of dipyridamole
on stone recurrence in larger cohorts of treated and
untreated patients.

In conclusion, low TmPi is more frequently observed
in stone formers without hyperparathyroidism than in
control subjects. Hyperphosphaturia, by increasing uri-
nary calcium excretion and urinary saturation, may pre-
dispose the patient to calcium stone formation.
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