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A study of normal subjects and patients with hypercalciuria and recurrent renal
stones has identified three main types of hypercalciuria: complex, absorptive and
renal. Complex hypercalciuria is a combination of absorption, renal leak and resorption
factors. Absorption and renal leak were examined by means of a 43Ca test Resorption
is defined as an increase of the urinary calcium : creatinine ratio while the subjects
are being maintained on an intake of 400 mg of calcium per 24 h.

The presence of hypercalciuria in pa­
tients who form renal stones is an old
observation (6); however, reports vary as
to its prevalence (7, 9, 10). In studying
420 stoneforming patients, we found hy­
percalciuria present in 43.3 % (16).

The definition of hypercalciuria appears
to depend partly on the population inves­
tigated (16). In patients from Catalonia,
in northeastern Spain, a 250 mg/24 hr
urinary calcium excretion was the upper
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limit of normal when their intake of cal­
cium was 900 to 1,000 mg/24 hr (16).

For many years primary hypercalciuria
had been classified as either absorptive
or resorptive, depending on whether its
origin was from intestine or bone (11, 12).
Pak (14) has described a third type, one
of renal origin. However, the findings of
Peacock and Nordin (15) do not appear
to support the presence of renal leak as
a cause for primary hypercalciuria.

This present report outlines evidence
of the presence of different types of hyper­
calciuria (absorptive, renal and complex)
and emphasizes the existence of renal leak
as a cause of hypercalciuria in some for­
mers of renal stones. .
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Materials and Methods

This study of hypercalciuria and its
classification into different types involved
two phases: 1) a study to select normal
controls and to detect hypercalciuria in
recurrent stone-formers, and 2) an attempt
to classify hypercalciuria into different
types.

Phase 1. The participants selected as
a result of the first phase were 25 normal
subjects without hypercalciuria and 59
patients who recurrently formed oxalate­
phosphate stones. To determine that the
controls and patients were appropriate
subjects, examinations were performed on
blood and 24-hr urine samples for con­
centrations of calcium, magnesium, phos­
phate, uric acid, and creatinine. Twenty-
four-hour urinary oxalate values were
determined. Phosphate, uric acid, and
creatinine clearances were measured. Ti­
tratable acid, pH and ammonia were
determined from 2-hr urine samples.

Blood samples were drawn in the morn­
ing after the subjects had fasted for 8 hr.
All subjects received a diet containing
900 to 1,000 mg of calcium per 24 hr
throughout this phase. The presence of
hypercalciuria was confirmed with three
separated 24-hr determinations. All of the
hypercalciuric patients in this study were
free of other defects, such as hyperoxa­
luria, hyperuricosuria or hypercalcemia.
Patients possessing any sign of hyper­
parathyroidism (besides hypercalciuria)
were excluded from this study.

Phase 2. In this 12-day study of hyper­
calciuria, the normal subjects and hyper­
calciuric patients were maintained on a
diet containing 400 mg of calcium/24 hr.
On the 5th day, after the subjects had
fasted for 10 hr, 4-hr urine samples were
collected; calcium, magnesium, and creat­
inine were measured; and calcium;mag­
nesium, and calcium: creatinine ratios
were performed. Also on the 5th day,

250 mg of calcium chloride containing
25 j«Ci of ‘5Ca was orally administered
to each subject. At 1, 2 and 3 hr after
receiving the radioactive dose, the partic­
ipants drank 200 ml of distilled water.
Urine was collected during the 4 hr after
'•’Ca administration. Blood plasma (hepa­
rinized) was also obtained on the 4th hr.
In these 4 hr blood and urine samples,
creatinine was determined as well as the
calcium and creatinine clearances. Twenty-
four-hour urine collections were then con­
tinued for 7 additional days. Radioactivity
was counted on all blood and urine sam­
ples. Additionally, parathyroid hormone
(PTH) concentrations were measured in
all subjects.

Procedures. Radioactivity in blood
plasma samples was counted by placing
1 ml of plasma in vials containing 10 ml
of solubilizer liquid counting phase com­
bining system for liquid counting of radio­
active samples (PCS). Urine samples of
0.5 ml were counted in a mixture of
2,5-diphenyl oxazole (PPO), 1.4-bis-(2-5-
phenyloxazolyl) benzene (POPOP), tolue­
ne, and ethanol in a ratio of 0.2:0.02:
60:40. Sample quenching was corrected
by using an internal standard. Oxalate in
urine was determined by gas chromatog­
raphy (3). Calcium and magnesium were
measured by atomic absorption procedure
(18). Uric acid was quantified with uricase
(8). Creatinine was determined by the
Taussky method (17) and phosphate by
the Fiske and Subbarow procedure (5).
Urinary ammonia was measured by the
Berthelot reaction (2), and plasma parat­
hormone levels were determined radio-
immunologically (1).

Reagents. l5Ca as calcium chloride
with a specific activity of 150 /zCi per ml,
PPO, POPOP; and PCS (sheet KP/ld,
11/1/71) were purchased from Amersham
Radiochemical Centre (England). Bovine
parathormone and its antibody at a 1/500
titer was bought from Index, Chicago
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(U.S.A.). The remaining reagents were of
the highest purity commercially available.

Apparatus. Spectrophotometric read­
ings were performed with a U.V.-visible
(Hitachi-Perkin Elmer, model 139) spec­
trophotometer. Radioactivity was counted
in a liquid scintillation counter (Nuclear
Chicago, model Isocap-300). Cation de­
terminations were performed with a Perkin
Elmer atomic absorption spectrophotom­
eter (model 360). Gas chromatography
was performed with a 3850 A Hewlett-
Packard gas chromatograph apparatus
connected to a model 18850 A terminal.
Samples were centrifuged in a Sorvall
refrigerated unit (model RC-2B).

Validity of Radiocalcium Clearance.
The validity of the radioisotope-labeled-
calcium clearance procedure, performed
as described in Phase 2, was investigated.
After a 10 hr fast the subjects intra­
venously received 240 ml of saline contain­
ing 25 /zCi 4'Ca at the rate of 1 ml/min.
At 30, 90, 150 and 210 min. blood samples
were taken. Urine was collected at 1, 2,
3 and 4 hr. Radioactivity in the samples
was counted as described in the Procedures
section. This experiment was performed
in five normal subjects and also in two
patients with absorptive and three with
excretive or renal hypercalciuria.

Results

Validity of Clearance Procedure. Good
correlation was found between the clear­
ances of 45Ca that had been infused at
a constant rate and excretion of the 45Ca
that had been orally administered (r =
0.98) (table I).

Normal Subjects. The normal subjects
(12 men and 13 women) ranged in age
from 23 to 52 years (mean, 44.36 ± 15.70).
The urinary calcium of the 25 normal
subjects varied from 96 to 241 mg/24 hr.

Table I. Validity of the radiocalcium clearance
test.

The radiocalcium clearances were performed
on five controls and five hypercalciuric patients

as described in Methods.
ml/minute/1.73 m’

Constant <!Ca infusion 4-h oral dose

Control
0.31 ± 0.10 0.28
0.76 ± 0.19 0.98
0.72 ± 0.09 0.87
0.66 ± 0.21 0.85
0.83 ± 0.08 0.81

Absorptive hypercalciuria
0.21 ± 0.04 0.10
0.48 ± 0.12 0.59

Renal or excretive hypercalciuria
3.01 ± 0.13 2.87
2.15 ± 0.20 2.08
1.56 ± 0.11 1.37

When the subjects were maintained on a
400 mg/24 hr calcium intake, the urinary
calcium:creatinine ratio ranged from 0.04
to 0.12.

The percentage of urinary radioactivity
excreted during the 7 days of urine col­
lections after the oral dose of 45Ca varied
from 1.38 to 4.98 per cent. The radio­
calcium clearance varied from 0.28 to
0.98 ml/min 1.73 m2. Parathyroid hor­
mone concentrations varied from 0.09 to
0.80 ng/ml (table II). There was no cor­
relation between calciuria and the urinary
calcium: creatinine ratio (r = 0.53), the
7-day urinary excretion of 43Ca (r = 0.12),
of the radiocalcium clearance (r = 0.23).

Definition of Types of Hypercalciuria
in Patients. While the patients were re­
ceiving a diet containing 900-1.000 mg
calcium per day, if their urinary calcium
excretion was greater than 250 mg/24 hr,
they were considered to have hypercal­
ciuria (10).

Absorptive hypercalciuria was defined 
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as the urinary excretion during the 7-day
collection period of more than 5 % of the
radioactivity from the oral dose of ',5Ca.

Resorptive hypercalciuria was defined
as an increase of the urinary calcium
creatinine ratio of greater than 0.12, when
the subjects were maintained on the diet
containing 400 mg calcium/day for at
least 5 days. This definition was derived
from a similar one established by Nordin
et al. (13).

An increase in the radiocalcium clear­
ance of greater than 1 ml/min/1.73 m2
was considered to be excretive, or renal
leak, hypercalciuria.

The foregoing definitions and limita­
tions were derived from the study of the
group of normal subjects.

All of the patients had normal values
of serum magnesium, phosphate and cal­
cium and of urinary phosphate and oxa­
late and creatinine clearances.

Absorptive hypercalciuria. The pa­
tients with absorptive hypercalciuria com­
prised 10 patients (five men and five wom­
en), whose ages ranged from 21 to 52 

years (mean, 42.71 ± 17.90). Their mean
24 hr urinary calcium values were in­
creased. The length of time that they had
formed renal stones ranged from 2 to 25
years (mean, 9.5 ± 7.78). The mean num­
ber of stones formed was 14.9 ± 9.76, and
the mean of the urinary calcium:creati­
nine ratio was normal. The percentage
of radioactivity excreted 7 days after the
oral dose was increased. The mean values
of the radiocalcium clearance were within
the normal range. Parathyroid hormone
levels were normal (table II).

Renal or Excretive hypercalciuria. This
group comprised six patients (one woman
arid five men). Their ages ranged from 30
to 52 years mean 44.16 ± 12.72. The main
finding was an increase of the radiocal­
cium clearance (range 1.37 to 2.87 ml/min/
1.73 m2. Other findings were hypercalciu­
ria varying from 290 to 366 mg/24 hr.
The duration of their disease ranged from
2 to 18 years (mean, 7 ± 6). The number
of stones formed varied from 5 to 70
(mean 17.5 ± 23.7). The urinary calcium:
creatinine ratio was normal. The mean

Table II. Results of the Calciuria Study.
Mean values of the different groups of subjects.

Typa of subjects N

Urinary
calcium
mg/24 h

Urinary
calcium/
Creatinine

ratio

7-day
excretion of
urinay 4!Ca

%

Radiocalcium
clearance

ml/min/1.73 m3
PTH

ng/ml

Control 25 171.7 ±48.7 0.085 ±0.02 3.46 ±0.82 0.75±0.17 0.46 ±0.24
Absorptive hypercalciuria 10 310.3±36.8 0.083 ±0.02 15.55± 10.25'1 0.67 ±0.21 0.42 ±0.25
Renal or excretive hyper­

calciuria 6 317.3 ±23.5 0.093 ±0.01 2.23 ±0.73 1.88 ±0.52* 0.22 ±0.11
Complex hypercalciuria
a) Absorptive plus renal 10 307.4 ±33.1 0.10 ±0.02 11.75 ±6.52 1.44 ±0.18 0.41 ±0.24
b] Resorptive plus absorp­

tive 10 302.1 ±41.3 0.20 ±0.08 18.20 ±14.56 0.78±0.19 0.34 ±0.22
c) Resorptive plus renal 8 305.3 ±29.1 0.26 ±0.08 2.99 ±0.95 1.99 ±0.60 0.40 ±0.13
d) Resorptive plus absorp­

tive and renal 15 303.5 ±54.4 0.24±0.12 17.52 ±13.81 1.54 ±0.55 0.41 ±0.18

* p < 0.0001.
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value of radioactivity excreted in the
urine during 7 days were within the normal
range (table II). Parathyroid hormone
levels were normal.

Complex or Mixed hypercalciuria.
Forty-two of the patients studied had a
complex, or mixed, form of hypercalciu­
ria, which can be subgrouped into four
distinct subgroups.

Patients 42 to 51 (five men and five
women; age range, 24 to 52 years, mean
43.7) may be considered as having mixed
absorptive and renal defects. In these
patients the most significant finding was
the increase in excretion of the urinary
radioactivity during the 7 days after the
oral dose of *'Ca (range 8.33 to 30.90).
The mean of the radiocalcium clearances
was increased (ranee, 1.10 to 1.74 ml/min/
1.73 m2).

The hypercalciuria in patients 52 to 61
(four men and six women; age range, 20
to 54 years; mean, 42.1) was a resorptive
and absorptive form. The mean urinary
calcium:creatinine ratio was increased
(range, 0.13 to 0.40). The mean of the
7-day urinary '’’Ca excretion was also
increased (range, 5.51 to 53.36%).

Patients 62 to 69 (five men and three
women; age range 26 to 51 years; mean,
43.1) were affected by resorption plus
renal defects. In this subgroup the mean
urinary calcium:creatinine ratio was ele­
vated (range, 0.16 to 0.40). The radio­
calcium clearance was markedly in­
creased.

Patients 70 to 84 (nine men and six
women; age range, 22 to 55 years; mean,
42.9) were affected by resorption, absorp­
tion, and excretion defects (table II).

The PTH values of the patients with
complex hypercalciuria were normal.

Discussion

This study was designed in an attempt
to clarify some of the diverse findings and
opinions of the investigators in the field 

of renal lithiasis, and specially to answer
some of the questions related to the origin
of hypercalciuria.

The results show that although absorp­
tive and renal or excretive hypercalciuria
appears to be two separate causal factors
in the hypercalciuria associated with renal
lithiasis, the resorptive or bone origin of
hypercalciuria could not be identified as
the sole factor in this disorder. However,
the bone involvement, shown by the in­
crease of the urinary calcium:creatinine
ratio, seems to occur in primary hyper­
calciuria of renal lithiasis when associated
with the other types.

Renal involvement appears to be a
mechanism of hypercalciuria in some stone
formers. The exact mechanism of the cal­
cium renal leak is still unknown, but the
presence of renal hypercalciuria contra­
dicts the findings of Peacock and Nordin
(15) and confirms previous suggestions
indicating renal involvement (4). Although
Peacock and Nordin did not find any
differences between the normal and hyper-
calciuric subjects, their conclusions were
based on the experiments performed on
11 stone formers. Of these 11, only 8
were hypercalciuric, according to the
standards of these investigators. Further­
more, one of the normal subjects was
hypercalciuric. These experiments were
performed by intravenously administering
a calcium solution at the rate of 200 mg
per hr. During these experiments the
urinary flow was at least 3 ml per min.
No indications of the volume expansion
were given.

Although several tests have been des­
cribed in the literature to investigate in­
testinal absorption of calcium, the proce­
dure described in the present report has
the advantage of having investigated the
intestinal, bone and renal factors in one
test. Although the urinary calcium:crea­
tinine ratio appears to be a good test to
investigate the state of bone, the ratio ap­
proach had no advantage when used to
define the intestinal absorption by examin­
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ing the relationship between the urinary
24 hr and fasting calcium:creatinine ratio
(11). The absence of radioactive calcium
diminished the sensitivity of the test.

The greater number of patients with
complex hypercalciuria. as compared with
those having the absorptive or renal form
suggests two possibilities: either the sim­
ple types transform into the complex type.
or simply the complex type of hyper­
calciuria is more prevalent as such. We
suggest that the first possibility is the case.
because of the large numbers of patients
possessing absorptive plus excretive, re­
sorptive plus absorptive and resorptive
plus excretive hypercalciuria. However, to
establish this possibility further investiga­
tion is needed.
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Resumen

Del estudio de individuos normales y litifi-
sicos recidivantes, con hipercalciuria, se iden-
tificaron tres tipos fundamentales de hipercal­
ciuria: absortiva, renal y mixta.

La hipercalciuria mixta es una mezcla de
los factores absortivo, renal y resortivo. La
absorcion y la pdrdida renal de calcio fueron
investigados con Ca43. La resorcion viene de-
finida por el aumento del cociente c^lcico:
creatinina urinario, mientras que los individuos
fueron mantenidos en una ingesta de 400 mg
de calcio y dia.
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