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A B S T R A C T In order to clarify the mechanisms of
thiazide diuretic-induced hypocalciuria, the effect of a
thiazide was studied for 7 days in seven patients with
hypoparathyroidism on Vitamin D and one on calcium
infusion, and seven euparathyroid patients with hypercal-
ciuria. In the control group, calcium excretion (mg/24
hr) fell by 44% from 415 to 232 within 4 days and re-
mained at this level. Plasma total calcium corrected for
total protein did not change. In the hypoparathyroid
group, calcium excretion fell by 11% from 351 to 311
and then returned to the base line level. Plasma total
calcium (mg/100 ml) increased from 10.09 to 10.88,
11.29 and 10.77 at the end of the 2nd, 4th, and 7th day
of thiazide administration. In the patient having i.v.
calcium and no Vitamin D, neither plasma nor urinary
calcium changed significantly. In both groups sodium
excretion increased on the first 2 days and fell to or below
base line level thereafter. Urinary phosphate, magnesium,
and potassium increased, plasma phosphate rose, and
magnesium and potassium fell. It is concluded that: (a)
The hypocalciuric effect of thiazides requires the presence
of parathyroid hormone and is not solely a result of so-
dium depletion. (b) The hypercalcemic effect of thia-
zides in hypoparathyroidism is due to increased re-
lease of calcium from bone and requires the presence of a
pharmacologic dose of Vitamin D. (c) Thiazides en-
hane the action of parathyroid hormone on bone and kid-
ney; Vitamin D can replace parathyroid hormone in
this interaction in bone but not in kidney.
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INTRODUCTION

A fall in urinary calcium excretion is consistently pro-
duced by thiazide diuretics and is sustained for as long
as the drugs are given (1-4). This fall has been success-
fully exploited in the treatment of renal stones for over
a decade (5, 6), but it is still unexplained. Thiazide-in-
duced hypocalciuria is partly reversed by giving sodium
chloride, 250 mEq daily (7). Consequently, the hypo-
calciuria has been attributed to enhanced reabsorption of
both sodium and calcium in the proximal convoluted tu-
bule in response to sodium depletion (7); this theory
has become widely accepted (8, 9).
The effect of thiazide diuretics on plasma calcium

is more complex. An initial rise in total calcium is com-
mon, but this reflects a rise in total protein and protein-
bound calcium due to sodium and water depletion, and
is transient (10). The plasma calcium remains normal
even after many years in the great majority of patients
given a thiazide (4, 6, 10, 11), but in a few it may rise
significantly (10, 11). This is especially likely in pa-
tients with primary hyperparathyroidism (10) and in
anephric patients with secondary hyperparathyroidism on
maintenance hemodialysis (12). These observations sug-
gested that thiazides might enhance the peripheral ac-
tions of parathyroid hormone (PTH)1 on kidney and
bone (10, 12).

Thiazide diuretics also induce parathyroid hyperplasia
in dogs (13) and (less certainly) in man (11), but not
in rats (14). Hypercalcemia might therefore reflect an
increase in PTH secretion, rather than enhancement of
the peripheral actions of PTH (which should lead to
no change or possibly to parathyroid involution).

'Abbreviations used in this paper: IPE, index of phos-
phate excretion; PTH, parathyroid hormone; SHP, surgical
hypoparathyroidism.
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TABLE I

Details of Patients Studied

Thiazide
Case Age Sex Weight Ca* P* Cat Pt

Drug Dose

yr kg mg/100 ml mg/100 ml mg/100 ml mg/100 ml
Hypoparathyroidism

1 28 F 52.8 Methyclothiazide 20 mg 5.4 6.7 10.1 3.6
2 49 F 50.8 " 20 " 7.0 5.5 9.9 5.2
3 59 F 58.5 Chlorothiazide 2.0 g 6.3 5.6 10.5 4.5
4 62 F 57.3 Methyclothiazide 20 mg 5.8 4.5 9.9 3.8
5 50 F 47.3 " 20 " 7.2 4.1 10.3 3.2
6 55 F 56.9 20 " 7.1 4.4 9.5 4.6
7 72 F 54.6 " 20 " 5.7 4.4 10.4 4.2
8 53 F 54.1 20 " 6.6 4.5 9.8 3.3

Hypercalciuria Diagnosis
9 22 M 85.4 Chlorothiazide 2.0 g Calcium stones-immobilization
10 25 F 59.0 Methyclothiazide 20 mg Uric acid stones
11 24 M 75.5 " 20 " Renovascular hypertension
12 41 M 94.5 " 20 " Calcium stones-idiopathic
13 48 M 82.4 " 20 " Calcium stones-idiopathic
14 55 F 60.5 Chlorothiazide 2.0 g Osteoporosis-postmenopausal
15 55 F 61.0 2.0 g Osteoporosis-immobilization

* Values before start of Vitamin D treatment.
Values on Vitamin D before thiazide was given.

In order to test some of these theories, the effect of
thiazides was studied in patients with hypoparathyroidism
treated with Vitamin D. The results indicate that PTH
is necesary for hypocalciuria but not for hypercalcemia
to occur with thiazides.

METHODS
A thiazide diuretic in a dose of 4 tablets daily was given
for 7 days to seven patients with chronic post-surgical hypo-
parathyroidism (SHP) treated with Vitamin D2 and to
seven patients with hypercalciuria (more than 300 mg/24 hr)
who served as controls. Urine was collected daily from 4
days before until 4 days after the thiazide was given. In
addition one patient (case 8) with SHP who had never
received Vitamin D was given a thiazide for 4 days after
the plasma calcium had been raised by i.v. infusion of cal-
cium. Pertinent details of the patients studied with dose and
type of thiazide are listed in Table I; all were normocal-
cemic at the beginning of the study. In the patients with
SHP who were on Vitamin D, hypocalcemia had been
documented 7-22 yr after surgery, late enough to exclude
significant recovery of parathyroid function during Vitamin
D treatment. Vitamin D was given as opaque gelatin cap-
sules containing an arachis oil solution of the active prin-
ciple in pure crystalline form with hydroquinone as an anti-
oxidant. Extensive experience has indicated that unexplained
or unpredictable changes in plasma calcium do not occur in
patients treated with this preparation of Vitamin D (15).
The duration of Vitamin D therapy was 4 months in case 7
and 3-6 yr in the others. At the time of study the patients

2 The term "Vitamin D" refers to all substances which are
antirachitic in man.

were on Vitamin D2 2.5 mg daily (case 5), Vitamin Da 2.5
mg daily (case 2), or dihydrotachysterol 0.5-1.0 mg daily
(all other cases).' The three hypercalciuric patients with
calcium stones (Table I) have remained normocalcemic for
1-3 yr, but another patient (case 14) became mildly hyper-
calcemic and had a parathyroid adenoma removed 4 yr later.
All hypoparathyroid patients were on 0.2-0.3 mg of thyroxine
daily except patient 6 who had a normal protein-bound iodine
level and "'I uptake. Except in case 8, all patients were
ambulant and the patients' usual medications were continued
in all cases. The diets were not weighed or analyzed, but
the intake of milk was kept constant by volume, and the
patients were instructed to record and keep as constant as
possible their intake of foods high in calcium and sodium;
the variation, estimated by review of these records, did not
exceed ± 10%o. The results of one additional patient were
excluded because the coefficient of variation (sD/mean X 100)
of urine calcium in the pretreatment period exceeded 10%.
Analytical methods used have been previously cited or de-
scribed (10, 16) ; the normal range for total plasma cal-
cium corrected for total protein (10) is 9.5-11.0 mg/100 ml.
Urinary excretion data were calculated both as absolute
amounts (mg or mEq) per unit time and as amounts (,Ag or
,AEq) per 100 ml of creatinine clearance (Cc,). The latter
rates are designated with the subscript E after the chemical
symbol (17). The relationships of CaE to plasma Ca in each
subject were compared with the values found for different
states of parathyroid function (18) with an appropriate
correction for the differences in normal range for plasma

'There are no differences in plasma and urinary calcium,
inorganic phosphate and magnesium, or in urinary hydroxy-
proline between hypoparathyroid patients controlled on Vita-
mins D2 or D3 or dihydrotachysterol. (A. M. Parfitt, un-
published data).
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FIGURE 1 Effect of a thiazide diuretic on plasma levels and
urinary excretion rates (per day) of calcium (Ca), sodium

calcium. The index of phosphate excretion (IPE) was cal-
culated from the formula

IPE = PE -
Plasma P (mg/100 ml) - 2.5

2

(19). For statistical analysis, group means before and after
thiazide were compared using a paired t test and means

between groups by an unpaired t test. In addition 95%o and
99% confidence limits were calculated for each individual
from the pooled pretreatment data.

RESULTS

Calcium. The mean results in the patients with SHP
on Vitaxmin D and in the controls are shown in Figs. 1
and 2 and Tables II and III. In the pretreatment period
(days 1-4) the coefficient of variation (sD/mean X 100)
averaged 4.9% in the control group and 6.4% in the
SHP group for urine calcium, and 1.1% in the control
group and 1.9% in the SHP group for plasma calcium.
In the control group urine calcium excretion (mg/24 hr)
fell progressively by 44% from 415 to 232 on day 8 and
stayed at approximately this level through day 11. Plasma
total calcium did not change (Fig. 1).

In the SHP group, urine calcium excretion rose

slightly from 351 to 387 on days 5 and 6, fell by 11% to
311 on day 8 and returned to pretreatment levels by day
11. Neither the initial rise nor the subsequent fall was

statistically significant by comparison of group means,

but comparison of individual changes with individual
confidence limits showed that a significant rise occurred
in three of seven subjects on day 5 or 6, and a signifi-
cant fall in five of seven subjects on day 7, 8, or 9.
Plasma total calcium (mg/100 ml) rose from 10.09 to
10.88, 11.29, and 10.77 at the end of days 6, 8, and 11,
respectively (Fig. 1). A significant rise occurred in
each case and in four cases the level rose above the
normal range. The differences between the two groups

were highly significant both for urine and plasma cal-
cium (Table II). The differences in urine calcium are

strikingly shown by the calculation of the cumulative re-

tention of calcium (Fig. 3). The hypercalciuric controls
had retained on the average almost 1.5 g of calcium by
the end of the study, whereas the patients with SHP
retained only a trivial amount.
Can (.sg/100 ml Ccr) was initially higher in the SHP

group than in the controls (Fig. 2), and when the thia-
zide was given CaE rose in the SHP group but fell in the

(Na), potassium (K), magnesium (Mg), and inorganic
phosphate (P). Data from seven hypoparathyroid patients
on Vitamin D (plasma, closed circles; urine, solid lines with
hatching) and seven hypercalciuric controls (plasma, open

circles; urine, dotted lines with no hatching). Horizontal
dotted lines enclose normal ranges. Vertical solid lines indi-.
cate SEM. 4 tablets contain 20 mg of methyclothiazide or 2.0
g of chlorothiazide, quantities which are equal in natriuretic
potency.

Thiazide Diuretics, Parathyroid Hormone, and Vitamin D 1881

THIAZIDE
Tabs/doy 0



ZI4TH IA DIE
Tabs/day 01

ml/min [ V--iA--
100 -

70

501

500-
Ca I

Y9/ 300

CCr
l00L

200-
Mg
Ea n
9 100 r rtz.t~~z-100MI~~ ~

CC
0-

400 -

No
jumEpmq/ 200-

0000 z _Cr

Crm 01 i)Tz ^-~\K

Cr
01

1300r
PE
P9g/ 900~

CCr r50P0

PE
0-

-0.5

3 5 7 9 11 13 15

DAYS

FIGURE 2 Effect of a thiazide diuretic on creatinine clear-
ance (Ccr) urinary excretion rates (per 100 ml Ccr) of
calcium (CaE), magnesium (MgE), sodium (NaE), potas-
sium (KE), and inorganic phosphate (PE), and index of
phosphate excretion (IPE). Data from seven hypoparathy-
roid patients on Vitamin D (closed circles, solid lines) and
seven hypercalciuric controls (open circles, dotted lines).
Horizontal dotted lines enclose normal ranges. Vertical solid
lines indicate SEM.

controls (Table III). In Fig. 4 the changes in CaE plotted
against plasma Ca indicate a shift from the "hypopara-
thyroid" into the "normal" range in five of seven patients
with SHP and a shift from the normal to the hyperpara-
thyroid range in six of seven hypercalciuric controls.

After the thiazide was ceased, urine calcium in the
controls rose progressively towards pretreatment levels
from day 12 through day 15. However, in the SHP group,
urine calcium fell significantly below pretreatment levels
on the first 2 post-treatment days in five of seven cases
(Fig. 1). This fall was more striking in CaE (Fig. 2).
The results in the patient given a calcium infusion

(case 9) are shown in Fig. 5. No signficant change in
either plasma or urinary calcium occurred during 4 days
of thiazide administration. The study was discontinued
because of local irritation at the site of infusion; an
X-ray of the arm showed a small area of calcification.
This resorbed completely within a few weeks and there
were no long-term harmful effects, but the study has
not been repeated.
Sodium. In both groups sodium excretion increased

on days 5 and 6 (Fig. 1). The increment was less in
the SHP group, but the increments in NaE (/uEq/100 ml
Ccr) showed little difference (Fig. 2). Sodium excretion
fell to or below pretreatment levels in both groups on
days 8-11 (Fig. 1). The cumulative sodium deficits were
very similar by the end of day 11, whether as absolute
amounts (Fig. 3), or in relation to body weight (Table
IV). Plasma sodium did not change significantly in
either group. After the thiazide was ceased, urinary so-
dium in both groups fell below pretreatment levels on
days 12-14 and reached the pretreatment level on day
15 (Fig. 1).
Potassium. In both groups potassium excretion in-

creased throughout the period of thiazide administration
(Fig. 1) but the increase was much less in the SHP
group. Plasma potassium also fell less in the SHP group
(Fig. 1), but this difference was not significant. The
difference between the two groups in KE (,uEq/100 ml
Cc.) was smaller but was still apparent (Fig. 2).
Magnesium. In both groups magnesium excretion in-

creased throughout the period of thiazide administration
and plasma magnesium fell progressively (Fig. 1). How-
ever, the fall in plasma magnesium was less in the
SHP group, even though the total magnesium deficit was
greater. MgE (lyg/100 ml Cc.) increased to a signifi-
cantly greater extent in the SHP group than in the
controls.

Phosphate. In both groups both plasma and urinary
phosphate rose initially (Fig. 1), and PE (Ag/100 ml
Ccr) remained elevated throughout the period of thia-
zide administration (Fig. 2). The per cent tubular reab-
sorption of phosphate fell and the IPE increased in both
groups; the latter was in the hyperparathyroid range
by day 7 in the controls (Fig. 2, Table III).

DISCUSSION
The effect of a thiazide diuretic on urinary calcium in
the patients with SHP differed from the effect in a
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FIGURE 3 Cumulative changes in urinary retention of cal-
cium and deficit of sodium in seven hypoparathyroid patients
on Vitamin D (solid lines with hatching) and seven hyper-
calciuric controls (dotted lines with no hatching).

control group in three respects. Firstly, the maximum
fall was much less-11% compared to 44%; secondly,
this effect was not sustained; and thirdly, the urine cal-
cium changed in opposite directions in the two groups
after the thiazide was ceased. Although these results,
which agree with those of other workers (20), strongly
suggest that PTH is necessary for the usual hypocalci-
uric effect of thiazides, the possible significance of other
differences between the two groups must first be
examined.

Because of the nature of their diseases, the age and
sex composition of the two groups necessarily differed,
but neither age nor sex affect the hypocalciuric response
to thiazides (1-6), and these differences may be disre-
garded except for their effect on body weight. Expressed
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FIGURE 4 Relationship between plasma Ca and Caz in seven
hypoparathyroid patients on Vitamin D (closed circles) and
seven hypercalciuric controls (open circles). Each point rep-
resents the mean of two to three values in a single patient
before (pre) during or after (post) thiazide administration.
Curved dotted lines enclose normal range (18), adjusted for
difference in normal range for plasma Ca. Area above and
to the left of the normal range corresponds to reduced tubu-
lar reabsorption of calcium ("hypoparathyroid"), and area
below and to the right of the normal range corresponds to
increased tubular reabsorption ("hyperparathyroid").

in relation to body weight the magnitude of the initial
sodium deficit was smaller in the patients with SHP
(Table IV). This difference was probably a consequence
of the lower creatinine clearance in these patients (Fig.
2) rather than of a difference in the tubular response to
the diuretic. The natriuretic potency of thiazides is im-
paired in subjects with reduced glomerular filtration rate
(21), but the increment in sodium excretion per unit
of filtered load is usually unchanged (22). None of the
SHP patients had been intoxicated with Vitamin D, but

TABLE I I
Effect of a Thiazide Diuretic on Plasma and Urinary Electrolytes (Original Data)

SHP on Vitamin D Hypercalciuric controls

Control Test I P Control Test I P

Plasma
Ca (mg/100 ml) 10.094 0.11 10.93± 0.16 4.6856 <0.001 10.32± 0.09 10.364 0.08 0.6832 n.s.
P (mg/100 ml) 4.14± 0.25 4.474 0.30 1.8172 <0.10 3.244 0.07 3.67± 0.16 2.8400 <0.01
Mg (mg/100 ml) 1.094 0.13 1.844 0.09 2.8283 <0.02 2.40± 0.06 2.034 0.07 4.4572 <0.001
K (mEqiliter) 4.22± 0.10 3.71± 0.12 4.6177 <0.001 4.31± 0.13 2.71± 0.15 4.7874 <0.001

24 hr urine
Ca (mg, days 8-11) 351.1 ±25.5 348.4 427.4 0.2485 n.s. 410.5 422.6 212.5 414.6 14.5671 <0.001
Na (mEq,days8-11) 143.5 ± 8.9 141.0 ± 7.5 0.2792 n.s. 210.4 ±14.5 172.3 ±14.1 2.4586 <0.025
P (mg, days 5-8) 617.9 ±21.3 779.3 423.6 5.6282 <0.001 1052.0 ±79.0 1170.0 ±76.0 2.6444 <0.02
Mg (mg, days 5-8) 87.8 i 4.5 122.8 ± 6.4 7.9724 <0.001 114.2 ± 8.3 142.9 410.0 3.2232 <0.005
K (mEq, days 5-8) 51.0 ± 3.5 60.2 ± 2.6 3.1652 <0.005 63.4 ± 4.5 111.2 ± 9.0 6.1822 <0.001

Each figure for plasma is mean ±SE of three values in each subject. Each figure for 24 hr urine is mean ASE of four values in
each subject. Control values obtained before and test values obtained during administration of a thiazide diuretic 4 tablets
daily for 7 days. SHP = surgical hypoparathyroidism; n.s. = not significant.
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TAB3LE III
Effect of a Thiazide Diuretic on Clearances and Other Derived Data

SHP on Vitamin D Hypercalciuric controls

Variable Control Test I P Control Test I P

Ccr (ml/min) 63.4 4b 3.5 57.8 A± 3.0 3.9377 <0.001 112.4 -4- 5.3 100.6 :15.2 7.3605 <0.001
Cc, (mi/min) 4.01 ±4- 0.32 3.68 ±- 0.29 1.8991 <0.10 4.62 A± 0.30 2.63 ±0.19 8.4926 <0.001
CP (ml/min) 10.5 ±0.4 12.5 :b0.6 3.9755 <0.001 22.5 -1- 1.9 23.7 ±2.0 1.1474 nl.s.
Cmg (ml/mins) 3.90 ±0.38 5.76 ±0.37 8.7608 <0.001 4.63 4- 0.44 6.04 -4- 0.38 3.9829 <0.001
CaE (jW/100 ml Ccr) 399.8 ±-24.8 440.9 4±33.0 1.7849 <0.10 266.7 ±422.9 172.3 ±16.7 6.9352 <0.001
PE, (pg9/100 ml Ccr) 720.1 ±154.7 952.5 ±+72.1 6.1483 <0.001 671.5 ±182.0 829.8 ±192.9 5.1338 <0.001I
Per cent TRP 82.3 ±1- 1.4 76.6 -4 1.4 4.8902 <0.001 79.2 4- 2.6 76.3 4- 2.4 2.7548 <0.02
IPE -0.102±4 0.86 0.099±+ 0.112 3.0597 <0.01 0.295±-- 0.191 0.565±-- 0.141 2.1576 <0.05

Each figure is mean ±4SE of three values in each subject. Control values obtained before and test values obtained during administration of a thiazide
diuretic 4 tablets daily for 7 days. SHP = surgical hypoparathyroidism; per cent TRP = tubular reabsorption of phosphate as per cent of filtered load;
IPE = index of phosphate excretion (see text); n.s.. not significant.

impaired renal function may occur with Vitamin D treat-
ment even in the absence of docuxnented hypercalcemia
(A. M. Parfitt, unpublished data).
Sodium depletion may induce hypocalciuria (23), and

has been suggested as the explanation for the hypocal-
ciuria effect of thiazides (7). Sodium excretion in the
control group was significantly below pretreatment level
on days 8-11 (Table II) whereas in the SHP group
both sodium and calcium excretion had returned to
pretreatment levels on these days. Also, in the control
group, but not in the SHP group, the magnitude of the
initial sodium deficit (but not the cumulative deficit)
correlated significantly with the subsequent percentage
fall in urine calcium (Table IV). However, four of the
SHP group lost as much sodium on days 5 and 6 as
any in the control group, but did not develop sustained
hypocalciuria. A significant fall in urine calcium oc-
curred in 5 of the 7 SHP patients on the first day (7,
8, or 9) on which urine sodium fell below control.
levels; urine calcium subsequently returned to the base
line level in each case regardless of whether sodium
excretion fell further, rose or remained unchanged.
Also, the fall in sodium excretion which occurred after
cessation of the diuretic was associated in four of the
seven SHP cases with a fall in urine calcium to a
lower level than occurred during thiazide administra-
tion. A transient fall in urine calcium at a time of
sodium retention thus occurred in every case of SHP
either during or after cessation of thiazide. These ob-
servations suggest that the difference in the degree of
sodium depletion (which was in any case not statisti-
cally significant) does not explain the difference in.
calcium excretion between the two groups, and further-
more that sodium depletion is not the whole cause of
sustained hypocalciuria with thiazides.

Correction of potassium depletion in one thiazide-
treated patient caused a slight rise in urinary calcium
(4), but the hypocalciuric effect remained much greater

than in the presently reported patients with SHP. It
is therefore unlikely that the difference in the extent of
potassium depletion between the two groups accounts
for the difference in calcium excretion. The differences
in magnesium and phosphate between the two groups
were small and except for the plasma magnesium were
statistically insignificant. Finally, Vitamin D does not
inhibit the hypocalciuric effect of thiazides when given
for treatment of conditions other than hypoparathy-
roidism (10), so that treatment with Vitamin D would
not explain the absence of hypocalciuria in the patients
with SHP.

It seems reasonable to conclude that deficiency of
PTH was mainly responsible for the lack of sustained
hypocalciuria in the SHP patients. This deficiency may
not have been complete, since in most patients with
SHP it is likely that approximately 5-15% of para-
thyroid cell mass is preserved (24). It is apparent,
however, that the sustained fall in urine calcium of
40-50% which usually occurs with thiazides requires
the presence of at least normal levels of PTH.

If the tubular reabsorption of calcium did not change
at all in the SHP patients, why did not urine calcium
excretion rise in response to the hypercalcemia? In
part this was prevented by the fall in Cc, (Fig. 2), and
CaE (lAg/100 ml Cc,,) did rise in the SHP patients
(Fig. 3). However, the relationship between CaiK and
plasma Ca changed in a manner which indicated a
small increase in calcium reabsorption (Fig. 4). This
may have resulted from a small residue of parathyroid
function, or more likely, from sodium depletion or some
other PTH-independent effect of thiazides.
There are many resemblances between the renal ef-

fects of PTH and thiazides (25). Like the thiazides,
PTH increases sodium, water, potassium, bicarbonate,
and phosphate excretion acutely (25-27). Both thia-
zides (3) and PTH (18) cause increased tubular re-
absorption of calcium chronically. However., unlike the

1884 A. M. Parfitt



TABLE IV
Sodium Deficits and Changes in Urinary Calcium in Individual Cases

Sodium deficit Urine calcium

Initial Total Max. fall Max. fall Sust. fall Sust. fall
Case (days 5-6) (days 5-II) (days 7-9) (days 7-9) (day I1) (day 11)

mEq/kg mEq/kg mg/day % mg/day %
Hypoparathyroid

1 3.68 5.51 21 6.4 -100 -30.7
2 5.89 6.46 71 30.4 7 3.0
3 2.32 6.10 113 21.2 - 46 - 8.6
4 1.68 0.45 152 31.1 10 2.1
5 6.64 8.25 116 25.4 - 36 - 7.9
6 1.93 -3.55 103 41.5 18 7.3
7 1.02 -0.42 -20 -11.6 - 58 -33.7

Mean 3.30940.826 3.25541.662 79.4422.7 20.646.7 -29.3-16.4 -9.846.2

Hypercalciuric controls
9 2.36 -0.03 340 54.8 304 49.0
10 8.94 10.66 197 63.5 231 74.5
11 3.52 0.72 152 55.5 121 44.4
12 2.51 -2.06 218 51.6 201 47.6
13 4.67 0.87 210 42.4 308 62.0
14 3.98 6.03 232 51.2 148 32.7
15 5.12 5.67 161 53.0 174 57.1

Mean 4.44340.843 3.12341.686 215.7423.5 53.142.4 212.4427.6 52.545.1

t 0.9608 0.0555 4.1724 4.5528 7.5344 7.7648
P n.s. n.s. <0.01 <0.005 <0.001 <0.001
r (SHP) Initial Na deficit 0.155 0.270 -0.003 0.196

Total Na deficit 0.076 -0.060 -0.394 -0.127
r (control) Initial Na deficit -0.402 0.503 0.025 0.763*

Total Na deficit 0.283 -0.555 -0.189 0.428
r (both groups) Initial Na deficit 0.125 0.387 0.249 0.422

Total Na deficit 0.081 0.042 -0.122 0.036

I and P values refer to differences between cases 1-7 and cases 10-16 in each column. r values are product-
moment correlation coefficients of quantity indicated at head of column (as dependent variable) with
quantity indicated on the left (as independent variable).
* Correlation coefficient, P <0.05; n.s., not significant.

thiazides PTH decreases magnesium excretion (28).
The thiazides are thought to act on the cortical-diluting
segment of the nephron (29). The site of action of
PTH on calcium reabsorption is unknown, but stop-
flow (30), microperfusion (31), and clearance (32)
studies suggest the distal rather than the proximal
nephron. The available data are thus consistent with
the theory that the thiazides and PTH have a common
site of action in the nephron, possibly the cortical-
diluting segment. The absence of hypercalcemia and the
persistence of increased urinary magnesium, both in
the present control subjects and in most patients with
idiopathic hypercalciuria suggest that the calcium-con-
serving effect of the thiazides is dependent on some
interaction with PTH on the nephron, rather than to
increased secretion of PTH.

The resistance of the SHP patients to hypocalciuria
with thiazides is in striking contrast to their suscepti-
bility to hypercalcemia. This susceptibility must depend
in some way on Vitamin D treatment since thiazides
have no significant effect on calcium metabolism in the
absence both of PTH and of a pharmacologic dose of
Vitamin D, whether in completely untreated patients
(33) or when normocalcemia is induced by calcium
infusion (Fig. 5). The extra calcium which appeared
in the blood of the SHP patients could not have come
from increased renal tubular reabsorption from the
urine (Fig. 3). Although radiocalcium absorption may
be increased in the first few days (34), fecal calcium
excretion is unchanged within the first 2 wk of thia-
zide treatment (35) and after several months radiocal-
cium absorption is depressed (36) and fecal calcium is
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FIGURE 5 Effect of a thiazide diuretic on plasma and
urinary calcium (Ca) and inorganic phosphate (P) and
urinary sodium (Na) in a patient with surgical hypopara-
thyroidism rendered normocalcemic by continuous i.v. infu-
sion of calcium.

increased (37). Although an increase in calcium ab-
sorption has not been directly excluded in the present
studies, it seems an unlikely explanation for the hyper-
calcemia. By exclusion, bone seems the probable source

of the additional calcium. An effect on bone also ex-

plains the rise in plasma phosphate which occurred in
both SHP patients and controls, and the rise in plasma
magnesium as well as calcium in anephric patients in
response to thiazide administration (12).

It has been suggested that an initial high rate of
bone resorption is a major determinant of thiazide-in-
duced hypercalcemia (38). If bone formation is not
similarly increased and calcium balance is strongly
negative, maintenance of a normal or only slightly
raised plasma calcium may be critically dependent on a

high rate of urinary calcium excretion, and so is readily
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compromised by thiazide-induced hypocalciuria' (10,
18). This is probably the explanation for the adverse
effect of thiazides in myelomatosis and secondary neo-
plasia of bone (39). However, the response to thia-
zides bears no simple relation to bone resorption when
formation and resorption rates are closely matched and
calcium balance is zero or only slightly negative. This
is so in idiopathic hypercalciuria (40), in primary hy-
perparathyroidism (41), and in Vitamin D-treated hy-
poparathyroidism (42). Of these three conditions, bone
resorption is increased in the first two (40, 41) but
not in the third (42), whereas thiazide-induced hyper-
calcemia occurs in the last two (reference and 10 Fig.
1 ) but not in the first (3-6). The data suggest that
thiazides cause increased release of calcium from bone
by some mechanism unrelated to the prevailing rate
of bone resorption, but only in the presence of ab-
normally high levels of either PTH or Vitamin D.

Thiazides thus interact with PTH to potentiate its
effects on both bone and kidney, but a high dose of
Vitamin D can replace PTH in this interaction in bone
but not in kidney, which is in keeping with PTH-
Vitamin D interactions in -other circumstances (43).
This accounts for all the findings with the exception
of early hypersecretion of PTH in normal subjects
(44) and long-term parathyroid hyperplasia (11, 13).
Both of these abnormalities could result from mag-
nesium depletion (45), which is an early and con-
sistent effect of thiazide administration.
The absence of thiazide-induced hypercalcemia in

idiopathic hypercalciuria reflects primarily the absence
of the thiazide effect on bone with normal levels of
PTH and Vitamin D. However it is still pertinent to
consider why the renal retention of large amounts of
calcium (around 70 g per year) does not regularly
induce hypercalcemia, especially in view of the recent
suggestion that the renal tubular reabsorption of cal-
cium is a major determinant of steady-state plasma
calcium levels (18). Since neither increased bone den-
sity nor soft tissue calcification are observed even
after many years (6), most of the retained calcium
must eventually be lost by some other route, presumably
fecal excretion (36, 37). Any short-term accumulation
of calcium is probably taken up by bone (34). The
mechanism of these short- and long-term adjustments
is obscure, but they would be facilitated by a fall in
plasma PTH; this occurs in most patients with idio-
pathic hypercalciuria given a thiazide (46), but not in
normal subjects (44) in whom an early rise is followed
by a return to normal levels.
The multiple effects of thiazides in different circum-

stances may now be summarized. With an excessive
amount of PTH, thiazides increase calcium reabsorp-
tion by the renal tubule (10), and increase calcium



release from bone (10, 11). With normal amounts of
PTH and Vitamin D, thiazides increase calcium re-
absorption but not calcium release from bone (3-6).
With a reduced amount or absence of PTH but an
excessive amount of Vitamin D, thiazides do not di-
rectly alter calcium reabsorption, but increase calcium
release from bone (Fig. 1). Finally, with no PTH or
Vitamin D, thiazides do not alter calcium reabsorption
or calcium release from bone.
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