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Abstract
Aims-To present experimental evidence
in support of a proposed common cause
for absorptive hypercalciuria, renal hy-
percalciuria, renal phosphate leak and
enhancement of 1,25-(OH)2-vitamin D
concentrations in patients presenting with
renal stone disease; and to suggest further
investigation with a view to new manage-
ment.
Methods-An oral calcium loading test
was administered to 15 patients with renal
stones and 10 normal controls in the fast-
ing state: urine and blood were collected
hourly. After the second urine sample, 400
mg calcium dissolved in water was admin-
istered orally. Serum calcium, albumin,
parathyroid hormone (PTH), and phos-
phate were measured together with urine
calcium clearance and urinary phosphate
from which the TmPO4lglomerular filtra-
tion rate (GFR) ratio was calculated.
Serum 1,25-(OH)2-vitamin D was meas-
ured in the first serum sample. In addi-
tion, 24 hour urine calcium results were
collected retrospectively from the pa-
tients' case notes over the previous 18
months.
Results-In the basal state, renal stone
patients had an overall greater phospha-
turia (lower TmPO4IGFR: median 1.72
compared with 2.10 in controls) and
increased calcium clearance. Serum cor-
rected calcium and PTH concentrations
did not differ between the groups. After
calcium loading, serum calcium and urine
calcium clearance rose in both groups,
with patients with renal stones experienc-
ing a greater percentage fall in phosphatu-
ria. In both groups TmPO4IGFR fell
(greater phosphaturia) with increased
serum corrected calcium, with the pa-
tients showing notably greater phosphatu-
ria for any given calcium concentration.
Patients also had notably greater phos-
phaturia compared with the serum cal-
cium concentration for any given PTH
value. Serum 1,25-(OH)2-vitamin D was
higher in patients than controls and for

any 1,25-(OH)2-vitamin D concentration
phosphaturia measured against serum
calcium was greater in patients than con-
trols. 1,25-(OH)2-vitamin D did not corre-
late with phosphaturia relative to serum
calcium concentrations within the patient
and control groups.
Conclusions-It is proposed that patients
with idiopathic hypercalciuria have an
'inappropriately' high phosphate excre-
tion for any given serum calcium concen-
tration. Loss of phosphate may induce
increased activation of 1,25-(OH)2-
vitamin D. Some of the commonly de-
scribed causes of stone formation may be
manifestations of a single mechanism.
(7 Clin Pathol 1996;49:881-888)

Keywords: inappropriate phosphaturia, idiopathic hy-
percalciuria, renal calculi.

In the industrialised world up to 10% of men
and 3% of women have a renal stone at some
time during their life.' Few renal stones are
associated with early skeletal remains. Most
stones (80%) are calcium oxalate' and up to
half the patients are said to have hypercalciuria.
Such patients have been classified6 as having
either absorptive hypercalciuria, renal hyper-
calciuria, renal phosphate leak, or primary
enhancement of 1,25 dihydroxycholecalciferol
(1,25-(OH)2-vitamin D) production. We find
most patients with calcium stone disease will
show hypercalciuria if observed for long
enough. We present observations using the
ratio of maximum rate of tubular reabsorption
of phosphate to glomerular filtration rate
(TmPO4/GFR)7 as an index of physiological
regulation of phosphate clearance via the
kidney.
The nutritional requirements of contempo-

rary humans developed in an environment high
in calcium.8 The stone age diet probably
contained 2-3 g calcium per day and it is sug-
gested that an intestinal absorption barrier and
inefficient renal calcium conservation9"0 is a
reflection of this. The hunter/gatherer diet
would be relatively rich in natural phytates
binding calcium. This would reduce the
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Figure I Inter- and intra-individual variation in calcium excretion in patients. The soli
bars represent the lowest to highest urine calcium excretion over an 18 month follow up
period; the unshaded bars represent the lower and higher of the most recent two consecutiv
daily urine collections prior to being recruited into the study.

Table 1 Components of variance in 24 hour urine calcium excretion results in patients o
long term follow up, comparing results from urine samples collected on two consecutive da3
with results pooledfrom an 18 month follow up period. Vg, Vi and Va: inter-, intra- and
analytical variance, respectively; CVg, CVi and CVa: inter-, intra- and analytical
coefficients of variance, respectively. The findings of this study are presented together with
abstracted data (as indicated) from the study by Shephard et al20

Interindividual Intra-individual Analytical

Vg CVg Vi CVi Va CVa

Most recent pairs of data
(short term variation)
Present study 11.75 36.8% 2.39 16.6% 0.0036 2.10%
Shephard et al' 2.03 26.9% 1.77 25.1% 0.002 1.37%

18 Months' accumulated
data (long term variation)
Present study 8.91 37.6% 3.6 23.9% 0.0036 2.10%
Shephard et al2 2.10 27.8% 1.93 26.7% 0.002 1.37%

amount of calcium that was absorbed overall
and might delay the absorption of calcium,
providing a steady release of calcium over a
longer period than would otherwise be the
case. The modern diet has vitamin D supple-
mentation with an average intake of 3 ,ug (120
IU) per day"; of relevance, a mean supplement
of under 25 gg (1000 IU) per day'2 has been
associated causally with renal stones. Addition
of dietary vitamin D is regarded as a conven-
ient way of preventing deficiency, but it is of
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particular interest that Fraser"3 notes that none
of the terrestrial vertebrates maintain their
vitamin D status from a nutritional source and
renal stones seem to be very rare in our closest
primate relatives (personal communications:
Mr A Greenwood, International Zoo Veteri-
nary Group, Keighley; Ms A Caseldine, Wild-
life Information Network, Royal Veterinary
College, London; Mr T Sainsbury, Institute of
Zoology, London; Mr D G Lyon, North West
Zoological Society, Chester Zoo, Chester).
We postulate that a single underlying mech-

anism could be responsible for the previous
conventional idiopathic hypercalciuria divi-

20 sions and whether the same person may absorb
and handle calcium differently at different
times, subject to the 'set' of their gut

d absorption processes. The TmPO4/GFR ratio
e has been measured in patients with renal
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Figure 2 Response profiles of control and patient TmPO4/GFR results during the calcium
loading test. The controls are represented by the broken line and the patients by the solid
line. The vertical bars represent the upper and lower quartile values and are divided at the
median points.
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Figure 3 Response profiles of (A) control and patient
serum corrected cakium results and (B) their urine calcium
clearance results during the calcium loading test. The
controls are represented by the broken lines and the patients
by the solid lines. The vertical bars represent the upper and
lower quartile values and are divided at the median points.

c
0)

co
0L

E
c-
U

0~
E

882

ys

1



Inappropriate phosphate excretion in idiopathic hypercakiuria

4.0

3.5

o o

32.0 ~~0 0

E 0 o* *0 0eo..

o o.-.--~~~~~> ~~ C~02.00 ~~~~~~C)w'

1.5 0 0w 4

0q- -

0

1.0 I I I I
2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8

Serum corrected calcium (mmol/I)

Figure 4 Scatter diagrams and regression lines of TmPO4IGFR against serum corrected
calcium using data pooledfrom the calcium loading test results. The filled points represent
patients'results and the unfilled points represent the controls' results. Their two regression
lines are indicated by solid and broken lines, respectively.

stones based on the assumption that the degree
of phosphaturia and the effects of calcium load
upon it is under the regulation of parathyroid
hormone (PTH). PTH suffers the disadvan-
tage of episodic release and that there are a
number of fragments, the specific roles of
which have not been defined in their entirety.
TmPO4/GFR as the physiological index has
advantages over other indexes of phosphate
excretion.7 It is appreciated that there are limi-
tations to the presumed role of PTH in
phosphate regulation.'415

Methods
SELECTION OF SUBJECTS
Ethics committee approval was obtained.
Fifteen patients with confirmed renal stone
disease were recruited. All patients had had
raised 24 hour urinary calcium excretion at
some stage (male >7.5 and female >6.25
mmol/24hours) in their management, together
with raised or normal oxalate. Anatomical
defects, urinary tract infection, renal tubular
acidosis (normal 24 hour urine citrate x 4),
hyperuricosuria, or cystinuria were excluded.
There were 14 men and one woman with a
median age of 46.3 years (range 22.7-74.6
years). None were in receipt of vitamin supple-
ments. A normal control group was recruited
from hospital staff, comprising seven men and
three woman with a median age of 42.5 years
(range 28-51 years). They had no history of
renal stones or systemic disorders, had normal
routine biochemistry profiles, and were not
receiving medication.

Control subjects and patients were collected
on a random opportunist basis. No person nor
any of their data items were excluded from the
results, except where specifically indicated.

CALCIUM EXCRETION STUDIES
Patients were asked to collect two 24 hour
urine samples on consecutive days prior to
their outpatient appointments. In the 18
months prior to the study, patients collected
between two and 14 urine samples (median
four).

CLEARANCE STUDIES DURING ORAL CALCIUM
LOADING
Subjects fasted overnight (from 22.00 hours)
but drank water as desired. Starting with an
empty bladder at 08.30 hours the next day,
urine was collected at one hourly intervals for
five hours while drinking water (aiming to
passing 120 ml urine per hour). After the first
two hours, one Calcium-Sandoz tablet (400
mg calcium) was given dissolved in 150 ml
water. Blood was taken within each hour via an
indwelling cannula filled with Hepsal (10
units/ml; C P Pharmaceuticals, Wrexham,
Clwyd, UK) to prevent clotting.

LABORATORY ANALYSES
Serum calcium, albumin and phosphate, and
urine calcium, phosphate and creatinine were
measured by standard laboratory procedures.
Serum calcium was corrected for the serum
albumin concentration using a relation derived
from a local population study: corrected
calcium = serum total calcium - (albumin x
0.017) + 0.692. Urine calcium clearance (in
ml/minute) and TmPO4/GFR (in mg/dl)7 were
also calculated.

Intact PTH was measured by a two-site
immunochemiluminometric assay (Ciba
Corning Diagnostics Ltd, Halstead, Essex,
UK; C09 2DX) and 1,25 dihydroxycholecal-
ciferol was measured by radioimmunoassay
(Immunodiagnostic Systems, Boldon, Tyne
and Wear, UK).

STATISTICAL METHODS
Descriptive statistics, between group compari-
sons (Mann Whitney U test) and regression
analysis were carried out using the Statistica/W
statistics package (StatSoft, Letchworth,
Herts, UK). Median values are presented with
their appropriate interquartile ranges. Com-
parisons between regression lines were per-
formed using confidence intervals'6 Inter- and
intra-individual variations in calcium excretion
were calculated using a type II (random
effects) analysis of variance model.'7 18 Analyti-
cal variation was calculated from internal qual-
ity control results during the study. Response
profiles arising from the calcium loading test
were tested for parallelism and vertical differ-
ence using multivariate profile analysis."' Ma-
trix inversion and multiplication were per-
formed using a spreadsheet (Quattro Pro v6.0,
Novell UK, Bracknell, Berkshire, UK).

Results
Figure 1 shows inter- and intra-individual vari-
ation in calcium excretion in duplicate, con-
secutive 24 hour urine collections and in
results collected over an 18 month period.
Table 1 shows components of variance calcu-
lated from these data, together with compari-
son data from a study ofnormal subjects.20 The
interindividual coefficient of variation (CV)
was similar in the paired urine values and in
data accumulated over 18 months, but the
intra-individual CV was 44% higher in the lat-
ter.
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I TmPO4/GFR ratio was calculated profiles in the two groups were parallel (p <
he median of the first two hours' 0.05), with values in the patients being signifi-
ng a calcium loading test. The con- cantly lower (showing greater phosphaturia)
had a higher basal TmPO4/GFR than in the controls throughout the test (p =
tient group (controls: median 2.10, 0.0282).
erange 2.01-2.65; patients: median The percentage change in phosphaturia in
[uartile range 1.45-2.04; p = 0.017, response to the calcium loading test was calcu-
mtney U test), indicating that the lated by subtracting the mean value obtained
i a greater basal phosphaturia than from the first two hours of the test from the

mean values obtained from the last two hours
shows the response profiles of and expressing this as a percentage of the mean

,R in patients and controls during value of the first two hours' results. The
n loading test. TmPO4/GFR in- median percentage increase in the controls was
both groups during calcium loading 13.8% (intraquartile range 2.05-17.99) and
econd hour, indicating a relative was 22.4% in the patients (intraquartile range
phosphate excretion. The response 14.05-32.7). The patients therefore showed a

greater fall in phosphaturia in response to cal-
cium loading (p = 0.052, Mann Whitney U

B test).
There was no difference in the response of

serum corrected calcium to the calcium load
between patients and controls (fig 3A). There
was, however, a significant increase in serum

-c* corrected calcium from the basal values (hours
-2 and -1) to the post-dose values (hours 2

c*- and 3) in both groups. In the controls, serum
co corrected calcium increased from a median

value of 2.38 mmol/l (intraquartile range 2.31-
2.44) to 2.49 mmol/l (intraquartile range

* *Sr-;_~. ---^^- 02.40-2.56) (p = 0.0071, Mann Whitney U
*~ ~~*--test). In the patients, serum corrected calcium

increased from a median value of 2.36 mmol/l
(intraquartile range 2.30-2.41) to 2.46 mmol/l
(intraquartile range 2.43-2.52) (p < 0.0001).

.3' Figure 3B shows calcium clearance response
to calcium loading. The response profiles were
parallel (p < 0.05), with the patients showing a
greater mean calcium clearance throughout the
test (p = 0.0225). Patients had a significantly
higher basal (hours -2 and -1) calcium clear-

1111 || || ance values than controls (p = 0.0059, Mann
Whitney U test). The median basal calcium
clearance in patients was 1.68 ml/min (in-

D traquartile range 1.24-2.03) and was 1.04
ml/min (intraquartile range 0.71-1.62) in the
controls. There was a significant increase in
calcium clearance from the basal values to the
post-dose values in both groups. In the
controls, calcium clearance increased from a

_ median value of 1.04 ml/min (intraquartile
- ,,' range 0.71-1.62) to 1.94 ml/min (intraquartile

* t , t range 1.42-2.58) (p = 0.00075, Mann Whit-
-t,/'/ ney U test). In the patients, calcium clearance
-.,'/ * increased from a median of 1.68 ml/min
e - (intraquartile range 1.24-2.03) to 2.60 ml/min

-S P/ -- ~~ (intraquartile range 1.51-3.27) (p = 0.0014).
04E*{-0<-"*In both patients and controls there was a sig-

nificant positive relation between the pooled
TmPO4/GFR values and serum corrected cal-

%*' * # cium by regression analysis (fig 4). Controls:
-,,4ffi* ffi ffi TmPO4/GFR = -2.999 + 2.2057 x serum cor-
/ 0 * * rected calcium (se of regression parameter:

0.371, t(47) = 5.95, p < 0.00001); patients:
K I, TmPO4/GFR = -3.277 + 2.1789 x serum cor-
0 1 2 3 4 5 rected calcium (se of regression parameter:

Patients 0.608, t(72) = 3.586, p = 0.00061).
clearance (ml/min) There was no difference between the slopes

es of serum corrected calcium (A and B) and of the regression lines (95% confidence inter-
im clearance in controls and patients using val (CI) for difference between slopes: -1.3v7 to
'ts. 1.46), but the regression line for the patients
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serum PTH (se of regression parameter:
0.022, t(48) = -3.6988, p = 0.0006); patients:
serum corrected calcium = 2.491 - 0.0106 x
serum PTH (se of regression parameter:
0.0106, t(72) = -3.278, p = 0.0016).
There was a significant difference between

slopes (95% CI for difference between slopes:
-0.089 to -0.00066), but there was no differ-
ence in vertical separation (95% CI for vertical
separation: -0.029 to +0.0453).
The phosphate clearance for a given serum

calcium concentration was expressed as the
TmPO4/GFR against the serum corrected cal-
cium. The TmPO4/GFR:serum corrected cal-

2.6 3.0 3.4 3.8 cium ratio fell with increasing PTH concentra-
ng/dl) tions (fig 7B) in patients but not in controls.

Neither of the regression parameters reach sta-
Figure 6 Inter- and intra-individual variation in TmPO4/GFR in patients. The shaded
bars represent the lower and higher ofpatients'two consecutive days' results prior to being
recruited into the study; the unshaded bars represent the lower and higher of the two
consecutive results of thefirst two hours of the calcium loading test.

was at a significantly (p < 0.05) lower level
than that for the controls (95% CI-for vertical
difference between the lines: -0.515 to
-0.214), indicating a greater phosphaturia for
any given serum calcium concentration. To
exclude the possibility that the difference
between the regression lines was an age related
effect, the analysis was repeated after excluding
the three patients over 60 years of age (66, 70
and 75 years). Again, there was no difference
between the slopes of the regression lines (95%
CI -0.5 to 2.3) and the regression line for the
patients was significantly lower than that of the
controls (95% CI for vertical difference:
-0.384 to -0.093).

In the patients there was a significant
positive relation between serum corrected
calcium and urine calcium clearance, but in the
controls there was no such relation (figs 5A
and 5B). Controls: serum corrected calcium =

2.432 + 0.00054 x calcium clearance (se of
regression parameter: 0.022, t(47) = 0.0245, p
= 0.98); patients: serum corrected calcium =

2.369 + 0.0103 x calcium clearance (se of
regression parameter: 0.0103, t(72) = 2.625, p
= 0.01 1).

In the patients there was a significant
positive relation between the TmPO4/GFR
and urinary calcium clearance, but in the con-

trols there was no such relation (figs 5C and
5D). Controls: TmPO4/GFR = 2.476 - 0.0741
x calcium clearance (se of regression parameter:
0.0647, t(47) = -1.144, p = 0.26); patients:
TmPO4/GFR = 1.521 + 0.227 x calcium
clearance (se of regression parameter: 0.054,
t(72) = 4.207, p < 0.0001).
The inter- and intra-individual variation in

TmPO4/GFR were calculated in the patients
most recent pair of results prior to the study, in
the two basal one hour collections during the
study (fig 6) and in all these values pooled. The
interindividual CVs were 20.7%, 25.2% and
28.7%, respectively, whereas the intra-
individual CVs were 6.6%, 7.6% and 13.2%,
respectively.

In both patients and controls the pooled
serum corrected calcium concentrations fell
with increasing PTH values (fig 7A). Controls:
serum corrected calcium = 2.584 - 0.08 x

tistical significance; however, there is a signifi-
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patients or controls (fig 8A) or additionally
during calcium loading (fig B). In figs 8A and
8B the regression lines representing the pa-
tients and controls are significantly separated
(95% CI for vertical separation: 0.039-0.445
and 0.1 15-0.255, respectively).
The results collected during the calcium

loading tests were used to classify the patients
on the basis of previously described criteria.6
Five patients had absorptive hypercalciuria
defined by a normal mean fasting urine
calcium clearance (using a reference range of
0.35-1.92 ml/minute derived non-para-
metrically from our normal subjects) plus a
urine calcium excretion exceeding 0.2 mg/mg
creatinine in any of the three urine collections
after the calcium load. None of our patients
was classified as having renal hypercalciuria
within the criteria of increased fasting urine
calcium clearance plus raised serum fasting
PTH and normal corrected serum calcium.
Five of our patients, however, could be
classified as having a renal phosphate leak on
the basis of a fasting hypercalciuria plus a nor-
mal serum fasting PTH. Eight patients had a
phosphate leakage as indicated by a decreased
mean fasting TmPO4/GFR (using a reference
range derived from the control subjects of

3 1.72-2.84 mg/dl), only one of which was not
associated with other abnormalities. Twelve
patients had an increased serum fasting

* vitamin D concentration. Of these, three were
associated only with a decreased TmPO4/GFR

* and one was an isolated abnormality.
0

0.4 l

20 40 60 80 100 120 140 160 1E
Serum 1,25-(OH)2-Vitamin D (ng/ml)

Figure 8 Scatter diagrams and regression lines of (A)
TmPO4IGFR to serum corrected cakium ratio (hour -2
only) and (B) pooled data againstfasting serum
1,25-(OH)2-vitamin D. Thefilled points represent patients'
results and the unfilled points the controls' results. Their two
regression lines are indicated by solid and broken solid lines,
respectively.

cant difference between the two lines in vertical
separation (95% CI for vertical separation:
0.086-0.215). Patients therefore had a signifi-
cantly lower ratio (greater phosphaturia) for
any given PTH value.

Fasting 1,25-(OH) 2-vitamin D concentra-
tions in patients were significantly higher than
those in the controls (fig 8A: median of
patients values 143 ng/ml; median of controls
113, ng/ml; p = 0.0039, Mann Whitney U
test). However, increasing phosphaturia
against the calcium concentration (lower
TmPO4/GFR ratio) was not positively corre-

lated with increasing 1,25-(OH)2- vitamin D
concentrations in first fasting samples in

Discussion
Our results possibly suggest that the previous
classification of some patients with renal
calculi as having absorptive hypercalciuria,
renal hypercalciuria, renal phosphate leak, or

primary enhancement of 1,25-(OH)2-vitamin
D production, might be artificial. Patients with
hypercalciuria exhibit homogeneity in the
sense of behaving significantly differently from
control subjects in terms of their TmPO4/GFR
for a range of serum calcium concentrations.
This is emphasised by the respective regression
lines being both significantly (fig 4) apart and
parallel. If the group actually had absorptive
hypercalciuria by the conventionally presumed
mechanism,2' then we would expect reduced
phosphate excretion (as PTH is suppressed) in
comparison with controls, but the reverse was

the case (figs 2 and 4).
Conversely, if patients had renal hypercalciu-

ria by the conventionally understood mech-
anism,22 impaired tubular reabsorption of
calcium would reduce the circulating serum
calcium and cause an increase in PTH, so

reducing the TmPO4/GFR. The patients, as a

group, have a reduced TmPO4/GFR compared
with controls (fig 4). If they were primarily fail-
ing to reabsorb calcium in the renal tubule,
however, then we would expect increased
calcium clearance to be associated with either
reduced serum calcium (that is, impaired
tubular reabsorption of calcium thereby reduc-
ing serum calcium for correction by PTH) or

no change at all, but the reverse process
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occurred (fig 5B) that is, increasing serum
calcium concentrations are driving the hyper-
calciuria. There was no difference between
groups with regard to serum corrected calcium
during calcium loading (fig 3A), but patients
cleared more calcium into urine during cal-
cium loading (fig 3B). This could be explained
by higher rates of calcium gut absorption being
matched by a proportional increase in renal
calcium clearance in patients and not renal cal-
cium leakage.

Other important mechanisms, as conven-
tionally described,6 are renal phosphate leak
and primary enhancement of 1,25-(OH)2-
vitamin D synthesis. Such a leak could be
driven by PTH. The parallel regression lines in
fig 4 favour (arguably) the same regulation of
excretion in both groups. Perhaps a genetically
determined variation (patients v controls) in
end organ response to PTH explains the
observed difference. Phosphate excretion,
however, can change independently of PTH
and other phosphate regulation mechanisms
are under consideration.'4 '5 Serum phosphate
concentration alone did not distinguish the
groups in any way at all, the key factor being
that for a given concentration ofserum calcium
there is a relatively greater degree of phospha-
turia in the patients (fig 4).
Animal models have shown that increased

PTH, in response to reduced serum calcium,
stimulates renal synthesis of 1,25-(OH)2-
vitamin D in the renal proximal tubule. Distal
tubular synthesis, however, is a function of the
calcitonin concentration.2' Evidence over the
past two years from Giannini et al,24 contrary to
other, older evidence," has shown a positive
correlation between 1,25-(OH)2-vitamin D
and urinary calcium in pooled categories of
patients with idiopathic hypercalciuria. The
1,25-(OH)2-vitamin D receptor is known to be
present in most cells of the body25 and, in the
context of bone mineralisation, twin studies
have shown that bone density is dependent
upon vitamin D receptor genotype.26 Broader
differences between individuals for any 1,25-
(OH)2-vitamin D concentration may be con-
cealed by their receptor genotype, and all of
these considerations are complicated by vita-
min D binding protein and competition for
vitamin D binding sites."3 Nevertheless, we
found significant differences in 1,25-(OH)2-
vitamin D concentrations in this small study.
Why?

In humans there is strong evidence that
circulating phosphate concentrations play a
major role in the regulation of the concentra-
tion of 1,25-(OH)2-vitamin D; in essence,
decreased availability of phosphate increases
1,25-(OH)2-vitamin D and vice versa.27 The
patients with the highest 1,25-(OH)2-vitamin
D concentrations as a whole (fig 8B) also had
the greatest propensity to clear phosphate via
the kidney for any serum calcium concentra-
tion. Notably, within each group itself, the
slopes of the regression lines (fig 8) were
contrary to increasing 1,25-(OH)2-vitamin D,
explaining this phenomenon. Patients with
renal calculi might absorb relatively more
calcium than control subjects according to the

relative level of vitamin D activation at that
time. There is notable intra-individual varia-
tion in the excretion of calcium in these
patients over periods of weeks while there is
greater concordance in consecutive samples
(fig 1). It is possible that this variation is
caused, not by differences in diet, but altered
status in the absorption process of the indi-
vidual, possibly in response to the preceding
dietary period. The relative swings in urinary
calcium over time could reflect the dietary
availability of calcium or, alternatively, the
whole absorptive mechanism could be up
regulated and down regulated from time to
time via activation of vitamin D. The key to
such apparent fluctuations could rest in the
two to three week half life of cholecalciferol"2
and probably more critically the presumed six
hour half life of 1,25-(OH)2-vitamin D." Lon-
gitudinal studies of patients are necessary to
ascertain whether this is true. The process of
limiting gut absorption of calcium for thera-
peutic purposes may simply up regulate the
mechanism of calcium absorption. In terms of
down regulating such a mechanism the key
factor might not be the absolute amount of cal-
cium available but when it is available, and this
could be important for therapeutic purposes. If
a small amount of calcium was more continu-
ally available for absorption, then that might
down grade the mechanism. It is of particular
note that down regulation of phosphaturia (to
'normal') occurs to a proportionally greater
extent (fig 2) during calcium loading in the
patients with renal calculi than in control sub-
jects, although the patients start in the fasting
state with a greater degree of phosphaturia.

Figure 6 illustrates the general problem of
intra-individual variation, showing that
TmPO4/GFR may apparently be different
from paired observation to paired observation.
It would be of interest to know how consist-
ently patients behave over a period of time in
respect of their classifications of absorptive
hypercalciuria and renal hypercalciuria. We
suspect that there is a mobility between the
groups and suggest that this be investigated
further.

It may be more advantageous to reduce the
amount of calcium absorbed by downgrading
the absorption mechanism than by decreasing
the amount of calcium in the gut. A down-
graded absorption mechanism will leave cal-
cium in the gut to complex oxalate and at such
times as there is a relative excess of calcium in
the gut this will not be reflected in such a steep
rise in urinary calcium. The risk of controlling
calcium at the expense of oxalate has been
emphasised as calcium oxalate saturation
increases rapidly with a small increase in urine
oxalate excretion.'8 It would thus seem more
desirable to have a given amount of calcium
excreted steadily by the kidney rather than
intermittent very high levels balanced by low
levels. It may be possible to reduce calcium
absorption as a whole on a basis of little but
often. Key recent work has shown that in a
prospective study the risk of symptomatic
stone disease in a cohort of over 45 000 men
was less for those with higher dietary calcium
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intake.29 Our recommendations for further
research are listed below.
* To consider, for a range of calcium intakes,

whether the calcium and indirectly the
oxalate absorption mechanisms can be
down regulated (a) overall and (b) for the
purpose of avoiding urinary surges by alter-
ing the distribution of calcium in the diet or
its chelation.

* To perform longitudinal vitamin D metabo-
lite studies on patients with renal calculi
comparing vitamin D with urinary calcium
and oxalate as an explanation of their natu-
ral variation.

* To consider the appropriateness of 'normal'
vitamin D dietary supplementation in indi-
viduals with 'exaggerated' phosphaturic re-
sponse to fasting.
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