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Effect of Calcium Administration and Deprivation on Serum and
Urine Calcium in Stone-forming and Control Subjects
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Idiopathic hypercalciuria is a syndrome characterized by a
raised urinary calcium associated with normocalcaemia and a
tendency to hypophosphataemia (Albright et al., 1953;
Harrison, 1959 ; Edwards and Hodgkinson, 1965). Hyper-
calciuria is common in patients with renal stone disease (Flocks,
1939 ; Hodgkinson and Pyrah, 1958), but is also present
in a proportion of the normal population (Knapp, 1947 ;
Hodgkinson and Pyrah, 1958 ; Watson and Dale, 1966 ;
Nordin et al., 1967), the exact prevalence depending on how
it is defined.

The cause of idiopathic hypercalciuria has not been estab-
lished, but increased calcium absorption is known to be a
feature of the condition (Henneman et al., 1958 ; Hodgkinson,
1961). Some workers believe this hyperabsorption of calcium
to be primary, while others regard it as a response to increased
calcium excretion (Jackson and Dancaster, 1959). In previous
papers we have shown that tubular reabsorption of calcium is
generally normal in idiopathic hypercalciuria (Nordin et al.,
1967 ; Peacock and Nordin, 1968). The present paper gives
further data on the relation between calcium ingested, plasma
calcium, and urinary calcium in normal and hypercalciuric
subjects and describes a simple procedure for the diagnosis of
the condition.

Clinical Material and Methods

The patients consisted of nine male idiopathic renal stone-
formers who showed persistent hypercalciuria on a free diet
according to the definition of Hodgkinson and Pyrah (1958)—
that is, over 300 mg. daily. Their ages ranged from 24 to
54 years. In no case was there evidence of renal failure,
systemic acidosis, or endocrine disease. The controls consisted
of nine healthy males, all members of staff, aged 17 to 40 years,
none of whom was hypercalciuric.

The hypercalciuric patients were first studied in the non-
fasting state when simultaneous samples of blood and urine
were obtained for measurement of calcium and creatinine.
Subsequently the patients were admitted to the ward fasting

F. KNOWLES,* F.LM.L.T. ; B. E. C. NORDIN,*¥ M.D., PH.D., F.R.C.P.

and observed for one day of total starvation. Tap-water was
given at a rate of half a pint (285 ml.) an hour to ensure
adequate urine flow and bladder emptying. Urine samples
were collected every two hours and blood was taken at the mid-
point of each collection. The test usually started at 8 am.
and was completed by 6 p.m. On another day the same patients
were again admitted to the ward after an overnight fast. A
two-hour specimen of urine was collected with a blood sample
taken at the midpoint and the patients were then given an oral
load of calcium (100 mg./kg.) as a calcium citrate suspension
over a period of 15 minutes. Urine samples were collected for
eight hours, hourly for the first four hours and two-hourly
thereafter. Blood samples were taken at the midpoint of each
urine collection. A light calcium-free breakfast was allowed
half an hour after the calcium load and a light low-calcium
lunch three hours later. The patients were not confined to
bed. The calcium citrate was well tolerated by all of them and
did not cause vomiting or diarrhoea.

In the nine controls blood and urine samples were obtained
after an overnight fast for comparison with the stone cases, and
the calcium citrate load was given and samples were obtained
as described for the nine cases of idiopathic hypercalciuria.

Calcium was estimated with o-cresolphthalein complexone in
serum and urine by AutoAnalyzer techniques as modified by
Knowles (1968). Creatinine was estimated with picric acid by
the standard AutoAnalyzer method (Technicon Methods
Manual, N-11b).

Urine calcium is expressed as calcium excreted per 100 ml.
of glomerular filtrate (Cag), which is calculated as follows
(Nordin et al., 1967 ; Peacock and Nordin, 1968):
urine calcium x plasma creatinine

urine creatinine
when all concentrations are expressed in mg./100 ml. The

range of plasma creatinine was the same in stone-formers and
controls (0.7-1.1 mg./100 ml.).

Cag (mg./100 ml. of G.F.)=

* Medical Research Council, Mineral Metabolism Research Unit, the
General Infirmary, Leeds.
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Results

In the control cases the mean fasting serum calcium was
9.51+0.063 mg./100 ml. and the mean fasting urine calcium
was 0.077+0.016 mg./100 ml. of glomerular filtrate (Table I
and Fig. 1).

In the hypercalciuric stone-formers the mean outpatient non-
fasting serum calcium was 10.17+0.13 mg./100 ml. and the
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urine calcium 0.30+0.027 mg./100 ml. of glomerular filtrate
(Table II and Fig. 2). Both these values are significantly
higher than the fasting normal values (P<<0.001). Fasting
overnight reduced these non-fasting values to 9.84 +0.18 and
0.15+0.015 respectively. The fall in serum calcium is not
significant, but the fall in urine calcium is (P<<0.001) (Fig. 2
and Table II). The fasting values are still significantly higher
than the fasting normal values, but only just (P<<0.05).

TABLE 1.—Serum and Urine Calcium in Control Subjects and Hvypercalciuric Stone-formers Fasting and Three and a Half Hours
After an Oral Dose of Calcium Citrate (100 mg. Calcium/kg.)

| Serum Ca (mg./100 ml. + S.E.)

Urine Ca (mg/100 ml. of G.F.+S.E.)

Fasting ' 34 Hours after Load l “r” | P ‘ Fasting |3—4 Hours>after Loadf “r” l P
Controls (9) e 9-51 +0-063 10-13+0-12 f 4-55 1 <0001 | 0-077 £ 0-016 ‘ 0-26 £0-032 F 5-21 : <0-001
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t .. .. Lo : ‘ - ' i i : . 02 ‘
p A <0-05 ; <0-01 | <005 3 <001 ' |
i
Fig.1 i
05 - Fig. 05 - Fig.2
° '
§;0'4 - -Euo:o.‘; -
EU — (&) —— e
b0 g A opsd A
E . ° . x E
; 53 T “':'\ 3 °8 s .
-1 ” - £ - L4 . J—
ERN . Vel 4 = 0 —~ - . .
e ad e T v o L) :l: I e °
UEO I A i — . . = UEO'I - H :‘: Ei; :E
. o ¥
OO - 0-04
A ° I ° °
E= : 2 E~ .
= £ ° — L] — .
3] 3 - OE i . N .
© e N £ ° it e —_— o
u8 o4 . r—= T T~ 38 10 4 L KT N S
| 4 i & 5 T B S L
o— T ° s o E DO - U S
v va [} . s . .
9 T T T T T T v T J v T e ]
=2 =l (e} | 2 3 4 5 6 7 hours Non-fasting 10 12 14 16 18 20
Fasting 1\COIcium (citrate) Hours of fasting
10O mq./kg.
08 7 Hod | 300 - Fig.4 .
L]
O-7 - = Normocalcijuric ‘
i s . ° controls (3)
06 - — e = Hypercalciuric ‘ ‘
e . . 250 - stone -formers (9) :
20 05 - R e
UE ® = l\. . — : '
8304 f/f -~ F : £ ‘
23 S _ NG E 200- .
L 03 4 . .0 .
gE& . T . ¢ = 9 ; ‘
024 . . 3 2 . i
-~ B . RHAH
* P
ol 5 1501 « 1thL
° (3] . ]I“'\b\l
© T
00 - . J . Nt
. 2 i .Ei;!;i{‘.i;tﬁ
5 R ORIEIE
B A T 2 100+ IR H N
= | I | T . = ' AR < TR N
%§ i VT s LW : & TR
&3 S To— ISR
E< . . ] H g
2o - . . . RS 50 AT e
&E 101 3 . . STt
- IRE TR
T . A i
- : G
9 ——— ol
-2 - (@] | 2 3 4 5 6 7 hours -l O I 2 3 4 5 6 7 8hours
Fasting TCclclum (citrate) 'fCalcium (citrate)
100mgq./ kq. 10O0mq./kq.

FIG. 1.—Serum and urine calcium in nine normocalciuric control subiects after overnighi fasting and after administration of

an oral load of calcium citrate (mean values +2 S.E.).

stone discase, non-fasung (left) and duning prolonged calcium deprivation (mean values +2 S.E.).

F16. 2.—Serum and urine calcium in nine cases of hypercalciuric

FiG. 3.—Serum and urine

calcium in nine patients with hypercalciuric stone disease fasting and after an oral dose of calcium citrate (mean values +2

S.E).

F1G. 4.—Cumulative caicium excretion in nine normocalciuric control subjects and nine patients with hypercalciuric

stone disease after an oral dose of calcium citrate (mean values +2 S.D).
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Fasting for a further six hours, however, reduced the mean
serum and urine calcium values to levels which were not
significantly higher than the normal fasting values.

The effect of the oral calcium load on serum and urine
calcium in the control subjects is shown in Fig. 1. The mean
serum calcium rose from 9.51 to 10.13 mg./100 ml. by three
and a half hours, after which it remained steady for a further
two to three hours. The mean urine calcium rose from 0.077
mg./100 ml. of glomerular filtrate to 0.26 at three to four
hours, and was falling with the serum calcium at seven hours.

TaBLE II.—Serum and Urine Calcium in Hypercalciuric Stone-formers
Before and During Prolonged Fasting

Serum Ca Urine Ca
(mg./100 ml. + S.E.) (mg./100 ml. of G.F. £S.E.)

, wpn | » wpn »
Non-fasting | 10-17+£0-13 030 +£0-027
Fasting
10 hours 9-84+0-18 | 147 <02 | 0-15+£0-015 | 478 <0-001
16 hours 9:60+0-11 | 335 <0-01| 0096+ 00121 674 <0-001

| |

In the hypercalciuric cases the calcium load raised the serum
and urine calcium more rapidly and to a higher level than in
the controls (Fig. 3). The mean peak serum calcium was
10.90 mg./100 ml. and the mean peak urine calcium 0.51 mg./
100 ml. of glomerular filtrate. Both these peak values are signi-
ficantly higher than the corresponding values in the controls
(P<<0.01) (Table I).

In both groups the rise in serum and urine calcium produced
by the oral load was highly significant (P<<0.001) (Table I).

The cumulative absolute calcium excretion after the oral
calcium load in both groups is shown in Fig. 4. The basal
urine calcium excretion tended to be higher in the hyper-
calciurics than in the control cases, but the overlap was con-
siderable. After two hours there was an absolute separation of
the two groups and the difference between them became pro-
gressively greater with time.

After eight hours all the hypercalciurics had excreted over
174 mg. of calcium and all the controls less than this.

Discussion

We have shown that in idiopathic male stone-formers with
hypercalciuria calcium excretion is increased in the non-fasting
state but generally fzlls to normal after an overnight fast. In
those cases in which it remains raised, further fasting for six
to eight hours almost invariably brings the urine calcium into
the normral range. The non-fasting serum calcium tends to
be at the upper limit of normal but falls to normal with
calcium deprivation, generally to less than 10 mg./100 ml. In
only one of our cases did the urine calcium remain high after
24 hours of calcium deprivation. Thus differences in the
severity of calcium deprivation may explain in part the con-
flicting results obtained by previous workers. Some have
reported that urinary calcium falls to normal on a low calcium
diet (Henneman et al., 1958 ; Harrison, 1959 ; Gill and Bartter,
1961 ; Peacock et al., 1967), while others record that urinary
calcium remains high (Jackson and Dancaster, 1959 ; Edwards
and Hodgkinson, 1965 ; Phillips and Cooke, 1967).

It will be noted that urinary calcium after the standard
calcium load was higher in the stone-formers than in the con-
trols whether it was expressed in absolute terms or in units per
100 ml. of glomerular filtrate. This excludes the remote possi-
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bility that idiopathic hypercalciuria might be an artifact occur-
ring in subijects with an exceptionally high glomerular filtration
rate. In general, as we have discussed elsewhere (Nordin et dal.,
1967), we advocate for most purposes that calcium excretion
be expressed in mg./100 ml. of glomerular filtrate, since this
eliminates differences in calcium output due to glomerular
function per se.

Our results suggest that this form of hypercalciuria is
generally due to hyperabsorption, as Caniggia et al. (1965) have
claimed. This is borne out by the response to oral calcium.
In normal subjects there is a measurable and significant rise in
serum calcium, which reaches its peak at three to four hours,
and a corresponding rise in urine calcium, presumably due to
the increase in filtered load. Subjects with idiopathic hyper-
calciuria show a similar response, but their blood and urine
values rise to a significantly higher level. This procedure may
be used to distinguish subjects with absorptive hypercalciuria
from normocalciuric individuals, and in view of the great
variation in urine calcium of hypercalciuric persons on a free
diet this may be a better way of identifying hypercalciuria
than an outpatient 24-hour collection.

Summary

In nine hypercalciuric patients with renal stone disease non-
fasting serum and urine calcium were significantly raised. After
overnight fasting, both serum and urine calcium values had
fallen almost into the normal range and calcium deprivation
for a further eight hours yielded completely normal values in
all but one case.

Oral administration of a large dose of calcium citrate (100
mg. calcium/kg.) produced a significant rise in serum and urine
calcium in both groups, but the rise was significantly greater
in the hypercalciuric subjects than in the controls.

The cumulative eight-hour calcium excretion after the oral
load was more than 174 mg. in all the hypercalciuric cases and
less than this amount in the controls.

These observations tend to show that idiopathic hyper-
calciuria is absorptive in origin and emphasize the importance
of measuring serum and urine calcium in the fasting state. It
is suggested that oral calcium loading may constitute a better
diagnostic test of this condition than a 24-hour urine collection
on a free diet.
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