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A B S T R A C T Studies were undertaken in man to eval-
uate the roles of volume depletion and of the parathyroid
glands in mediating the changes in serum and urinary
calcium which follow the administration of hydro-
chlorothiazide, 100 mg twice daily, for 4 days. 42 studies
were carried out in 16 normal subjects, 9 patients with
hyperparathyroidism, and 7 vitamin D-treated subjects
with hypoparathyroidism. In six studies in normal sub-
jects, daily sodium losses during thiazide administration
were quantitatively replaced, and in six other studies
the effect of equivalent sodium losses produced by
furosemide was evaluated.

Although the magnitude of sodium losses was similar
in three groups during therapy with thiazides, urinary
calcium fell and urinary phosphorus increased signifi-
cantly only in normal subjects and those with hyper-
parathyroidism; no change occurred in patients with
hypoparathyroidism. With the replacement of the thia-
zide-induced sodium losses by NaCl in normals, urinary
calcium did not change as urinary sodium increased 4-
to 5-fold. Furosemide administration produced similar
sodium losses while urinary calcium remained at or
above control levels. After correction for changes in
plasma protein concentration caused by thiazide-induced
hemoconcentration, mean levels of serum calcium were
significantly increased only in subjects with hyperpara-
thyroidism and vitamin D-treated patients with hypo-
parathyroidism.
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The results indicate that both depletion of extracellu-
lar fluid volume and the presence of the parathyroid
glands are necessary for the decrease in urinary calcium
in response to thiazide therapy. Both the reduction in
urinary calcium and increase in urinary phosphate after
the use of thiazides may be due, in part, to potentiation
of the action of the parathyroid hormone on the neph-
ron. The rise in serum calcium could be due to thiazide-
induced release of calcium from bone into extracellular
fluid, particularly in states where bone resorption may
be augmented. i.e., vitamin D therapy or hyperpara-
thyroidism.

INTRODUCTION
Diuretics of the benzothiadiazide (thiazide) group affect
calcium metabolism by producing a fall in urinary cal-
cium and, often, an increase in serum calcium con-
centration (1-8). The mechanisms whereby these drugs
exert such actions are poorly understood. In a pre-
liminary report, Suki, Hull, Rector, and Seldin (9)
suggested that urinary calcium falls as a result of de-
pletion of extracellular fluid volume (ECV)1 secondary
to the sodium losses produced by the diuretic. However,
other preliminary observations suggested that the fall
in urinary calcium was in some way dependent upon
the presence of intact parathyroid glands (10, 11). Par-
fitt (10) concluded that the increase in serum calcium
was not accounted for by the reduced urinary excretion
of this ion. Moreover, Koppel, Massry, Shinaberger,
Hartenbower, and Coburn (12) noted an increase in
serum calcium in uremic patients with negligible uri-

1 Abbreviations used in this paper: cyclic AMP, cyclic
adenosine 3'5'-monophosphate; ECV, extracellular fluid vol-
ume; GFR, glomerular filtration rate; PTE, parathyroid
extract.
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nary excretion of calcium after the use of thiazide di-
uretics, indicating that the rise in serum calcium in-
duced by thiazides is not due to the renal retention of
calcium. Finally, experiments carried out in dogs have
suggested that thiazide diuretics may directly produce
parathyroid hyperplasia (13).

The present study was undertaken to evaluate in man
the roles of ECV depletion and of the parathyroid
glands in mediating the changes in urinary and serum
calcium which follow the administration of hydrochloro-
thiazide.

METHODS
42 studies were carried out in 16 normal subjects, 9 patients
with hyperparathyroidism, and 7 patients with hypopara-
thyroidism treated with vitamin D. The normal subjects
were males, aged 24-65 yr and free of detectable cardio-
vascular, metabolic, hepatic, or renal abnormalities. The
group with hyperparathyroidism consisted of one female and
eight males, aged 28-65 yr. The diagnosis of hyperpara-
thyroidism was made by the usual biochemical criteria (14)
and was confirmed at surgery in six. The three unoperated
patients exhibited hypercalcemia, hypophosphatemia, a low
renal tubular reabsorption of phosphate, and responses to

phosphate loading (15) and calcium infusion (16), which
were consistent with the diagnosis of hyperparathyroidism.
The patients with hypoparathyroidism included two females
and five males, aged 26-65 yr. Hypoparathyroidism was
idiopathic in two and resulted from surgery in 5 patients.
In each, the diagnosis was established by the presence of
hypocalcemia and hyperphosphatemia present for 6 months
to several years before treatment with vitamin D. All had
been receiving vitamin D2, 50,000-100,000 IU/day, and sup-
plemental calcium, 1-2 g/day, for periods ranging betxveen
4 months and 8 yr. Patients with distinctly impaired renal
function were not included in the study.

The studies were carried out in the Metabolic Unit of
the Veterans Administration Hospital (Wadsworth). The
subjects received constant diets which were adjusted indi-
vidually to conform to their usual intake before the study
to avoid variation from a preexisting steady state. The daily
mineral content of the diets ranged between 600 and 1300
mg of calcium, 180 and 350 mg of magnesium, 400 and 2000
mg of phosphorus, and 60 and 250 mEq of sodium. Water
was ingested ad lib. After 2 or 3 days of adjustment, each
study with thiazide consisted of (a) a control period of 3-5
days, (b) a treatment period with 100 mg of hydrochloro-
thiazide given every 12 hr for either 3 days (6 studies) or

4 days (30 studies), and (c) a post-treatment period which
usually lasted 4 days. The number of such studies carried
out in normal subjects, patients with hyperparathyroidism,
and those with hypoparathyroidism were 12, 11, and 7,
respectively.

In order to evaluate the effects of a similar degree of
depletion of ECV produced by another diuretic, six studies
were carried out in normal subjects receiving 40 mg .-f
furosemide twice daily in place of thiazide in the protocol
described above.

In six additional studies in normal subjects, the thiazide-
induced sodium losses were replaced quantitatively by oral
administration of sodium chloride. The quantity of supple-
mental salt given on the 1st day was estimated from the
magnitude of sodium diuresis observed on the 1st day of

thiazide treatment in other studies. During the subsequent
3 days, the daily dose of sodium was adjusted to maintain
the subjects in sodium balance as estimated from intake and
urinary losses during the previous day and from fluctuations
in body weight measured three times daily. At the end of
thiazide treatment, sodium supplementation was discontinued.

24-hr urines were collected throughout, and blood samples
were obtained twice each day, before breakfast at 8 a.m.
and again at 4 p.m. In additional studies not listed above
(two in patients with hyperparathyroidism and two in pa-

tients with hypoparathyroidism treated with vitamin D)
only blood samples were collected. Body weight was mea-
sured each morning before breakfast and after the patient
had voided. Glomerular filtration rate (GFR) was estimated
from endogenous creatinine clearance. Creatinine, sodium,
calcium, and phosphorus in plasma and urine, and total pro-
tein and water content of plasma were measured by methods
previously reported from this laboratory (17, 18). The con-
centration of diffusible calcium in serum was measured in
ultrafiltrates of serum prepared anaerobically (19) from
eight patients with hyperparathyroidism before and on the
4th day of therapy with thiazides.

RESULTS
The effects of thiazide treatment, with and without
supplemental sodium, and those of furosemide on cre-
atinine clearance, urinary sodium, calcium, and phos-
phorus in all subjects are summarized in Table I. The
results from a representative study in a normal subject
are shown in Fig. 1. In subjects not receiving supple-
mental salt, the administration of hydrochlorothiazide
produced the expected increase in sodium excretion,

M.G.
NORMAL HYDROCHLOROE

+ THIAZIDE4+

5
DAYS

FIGURE 1 Representative study depicting the changes in
serum calcium and urinary calcium and sodium in a normal
subject receiving hydrochlorothiazide, 100 mg twice daily for
4 days.
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with the peak sodium diuresis occurring on the Ist or
2nd day of treatment; urinary sodium then fell to or
below control levels, and its excretion rate usually de-
creased further during the post-treatment period. The
maximum cumulative sodium losses, calculated from the
cumulative excretion of sodium in excess of the mean
control level for each patient, were 261 ±28, 311 ±47,
and 244 ±88 mEq/day (mean ±SE) in normal subjects,
patients with hyperparathyroidism, and those with hypo-
parathyroidism, respectively (P > 0.20). All subjects
lost weight and the percentage changes in body weight
did not differ significantly among the three groups
(Table II).

Despite equivalent magnitudes of sodium diuresis and,
presumably, a similar loss of ECV, the pattern of uri-
nary excretion of calcium was distinctively different in
the patients with hypoparathyroidism as compared to
the patterns in normal subjects and in those with hyper-
parathyroidism. In the normals, thiazide therapy did not
augment calcium excretion on the 1st or 2nd day of
treatment despite the marked sodium diuresis. Mean cal-
cium excretion fell progressively from a control level
of 194 ±28 mg to 86 ±20 mg on the 4th day of thiazide
therapy and remained below the control throughout the
post-treatment period. The patients with hyperpara-
thyroidism displayed qualitatively similar changes in
urinary calcium; the mean excretion of calcium fell
from a control level of 357 ±49 mg to 204 ±18 mg on
return to control levels during the post-treatment period
in all but one patient. Although the maximum absolute
decrease in daily calcium excretion from the mean con-
trol value was greater in patients with hyperparathy-
roidism (217 ±42 mg/day) than in normals (97 +14
mg/day), the per cent decrement from control levels
was not different. In contrast, the mean urinary calcium
excretion did not decrease in patients with hypoparathy-
roidism; the excretion rates were 347 ±76 mg/day dur-
ing the control period and 406 ±106 mg/day on the 4th
day of thiazide administration. Moreover, no significant
change in urinary calcium excretion occurred during
the post-treatment period.

The mean endogenous creatinine clearance rate de-
creased significantly on the 4th day of thiazide therapy
in normals and on the 3rd day in those with hyper-
parathyroidism; the effect was variable in the patients
with hypoparathyroidism. Alterations in filtered cal-
cium, estimated as the product of creatinine clearance
and 62% of total plasma calcium, did not account for
either the reduction in urinary calcium in normals and
those with hyperparathyroidism or for the difference
between the calcium excretion observed in patients with
hypoparathyroidism and in the other two groups of
subjects (Fig. 2).

When thiazide-induced sodium losses were replaced

by the oral supplementation of salt, creatinine clear-
ances did not change consistently and sodium excretion
remained 4-5 times above control levels throughout
treatment. In contrast to the observations in normal
subjects receiving thiazide diuretics alone, calcium ex-
cretion did not fall when sodium losses and depletion
of ECV were prevented or modified by the oral replace-
ment of salt. The mean calcium excretion rates were
162 ±31 mg/day during the control period and 147 ±35
mg/day on the 4th day of treatment. However, it should
be noted that the rates of calcium excretion did not
increase despite the very high excretion rates for so-

dium, and there was a clear dissociation between the
renal handling of the two ions.

During treatment with furosemide, sodium excretion
increased, and the mean maximum cumulative sodium
loss for the period of furosemide treatment was 256
±69 mEq/day, a value which is not significantly dif-
ferent from that occurring during thiazide treatment.
Total urinary calcium also increased during the 4 days
of treatment with furosemide, although the mean daily
increments in urinary calcium excretion were not sig-
nificantly above control values. When furosemide was
discontinued, mean urinary sodium excretion fell sig-
nificantly below the control value. Urinary calcium also
decreased in each subject when furosemide was discon-
tinued, but the change was not as marked as in the
case of sodium. The mean percentage changes from
control values for urinary calcium (- 17.2 ±11.7 and
- 16.6 ±6.0% on the 1st and 2nd days after with-
drawal of furosemide, respectively) differed significantly
from the changes observed both during the 3rd and
4th days of thiazide treatment (- 48 ±8.4 and - 52.1
±8.7%, respectively) and during the 1st and 2nd days
after withdrawal of thiazides (- 59 ±6.2 and - 53
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FIGURE 2 The relationship between the percentage change
from control levels of urinary calcium and that of filtered
calcium during treatment with hydrochlorothiazide. Each
point represents data from an individual subject.
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TABLE I
Changes in Creatinine Clearance and Urinary Sodium, Calcium, and Phosphate in Normal

Drug treatment (days)
Control

Group (No.) (mean AsE) 1 2

%change from control
Thiazide CCr 143 ±9.1 +5.7 ±2.3* -5.9 ±3.0
Normal (ml/min)
(12) UNaV 163 ± 13 + 149 416t +35 ±i12t

(mEq/day)
Uc.V 194 ±t28 -11.1 410.0 -43 ±8.8

(mg/day)
UpV 1115 ±.78 +8.8 i4.8 +18.1 ±t5.11:

(mg/day)
Thiazide Ccr 110 4±11.3 + 18.5 ±6.2 t -6.5 43.8
Hyperparathyroidism UNaV 133 ±18 +183 ±41: +89 ±28:
(10) Uc'V 357 449 -3.3 ±11.3 -42.2 ±7.0t

Upv 1166 4169 +24.8 ±6.8: +26.2 ±22.1
Thiazide CCr 88 48.1 +5.8 412.6 +0.4 ±5.4
Hypoparathyroidism UN&V 149 ±12 +77 ±231: +40 4131
(7) Uc.V 347 ±76 -9.5 ±8.8 -5.1 i8.0

UpV 874 ±t121 -3.2 ±8.6 +7.3 ± 10.8

Thiazide + NaCl CCr 125 ± 15.6 6.3 ±5.0 4.0 ±5.8
Normal UNaV 131 ±12 +297 ±423: +302 ±30:
(6) UCaV 162 ±31 +16.3 ±3.41 -13.1 ±6.7

UpV 977 ±68 +28.4 ±7.51 +21.4 ± 7.0*

Furosemide Ccr 131 ±19 -3.1 ±t2.9 -3.5 ±4.5
Normal UNaV 170 ±21 +65 ±61 +45 ±25
(6) UcaV 172 ±31 +28.3 ±411.4 +42 ±39.8

UpV 1116 4116 -7.1 ±42.6 +9.2 ±5.0

Abbreviations: Ccr = endogenous creatinine clearance, UN.V = urinary sodium, Uc.V =
and UpV - urinary phosphate. Each value represents mean ±SE.
* Values showing significant change from control: P < 0.05.
1 Values showing significant change from control: P < 0.01.

±8.7%), when cumulative sodium losses produced by
the two drugs were similar.

During treatment with thiazides alone, the urinary
excretion of phosphate increased by as much as 352 ±77
and 206 ±61 mg/day in normal subjects and in patients
with hyperparathyroidism, respectively. In contrast,
mean urinary phosphate failed to change significantly
in the patients with hypoparathyroidism. In the normal
subjects receiving thiazides with replacement of sodium
losses, phosphate excretion also increased, particularly
on the 1st day of treatment.

The changes in serum calcium levels for all groups
of patients are summarized in Table III, and the mean
calcium levels in individual patients before, during and
after therapy with hydrochlorothiazide are shown in
Fig. 3. For each individual patient, these data repre-
sent the means of six to nine values during the control
period, five values during the last 2i days of treatment,
and four to six values obtained 3-5 days after treat-

urinary calcium,

ment was discontinued. The mean increases in serum
calcium levels were 0.59 ±0.087 mg/day in normal sub-
jects, 0.66 ±0.130 in those with hyperparathyroidism,
and 0.63 ±0.111 in patients with hypoparathyroidism.
When the drug was discontinued, serum calcium usually
returned to or below the control levels. The concen-
tration of plasma proteins increased during treatment
with thiazides as a result of hemoconcentration, and
the increased protein concentration should result in
more protein-bound calcium. To adjust for changes in
total plasma calcium resulting merely from alterations
in protein-bound calcium, the total calcium levels were
"corrected" for the change in plasma proteins according
to a formula described by Parfitt (10),

"Corrected" calcium = measured calcium/ (0.60 +

total protein)
18.5
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Subjects, Patients uwth Hyperparathyroidism and Those with Hypoparathyroidism

Drug treatment (days) Post-treatment (days)

3 4 1 2 3 4

%change from control %change from control

-10.0 ±5.0 -15.1 :1:5.3t -13.3 ±-4.4t -13.1 =L5.0t -8.2 :13.2* -14.2 4-6.3

-4 46 -31 i55t -63 616t -72 477t -74 ±88t -51 4:15t

-49 ±8.3 t -52 -4-8.5 t -59 ±6.2t -53 a8.71 -53 ±7.0t -21 ±7.7*

+29.7 ±5.5t +19.3 ±6.1t +12.7 :416.1 +1.3 ±6.8 -11.3 ±4.3* -16.5 :1:6.8

-15.3 :14.4t -11.1 4 6.3 -3.2 ±8.4 -6.6 :1:5.2 +0.4 ± 4.1 +8.9 ±4.8
+23 ±t21 -10 ±-15 -30 4±16 -52 -±10t -59 ±-8t -45 ±i24
-56.1 ±i7.6t -46.3 ±t7.31: -57.9 ±7.71 -50.2 ±8.71 -39.0 ±t10.91 +9.4 ±-23.6
+16.6 ±-10.2 +23.8 4-22.1 +7.6 -4.9 -1.6 ±4.9 - 17.1 ±9.5 -37.5 ±i12.9*

+0.4 ±9.1 +2.7 ±t12.6 - 1.9 ±:6.1 +2.3 -±9.3 +7.0 ±-9.7 +1.8 ±-10.2
+26 -±17 +5 ±-18 - 36 4±14 - 34 ±t19 -30 --23 - 12 -32
- 1.8 -8.3 +20 -±32 +11.6 --24 - 5.3 ±-7.3 +4.5 ±-11.8 -5.0 ±17.1

+13.0 -11.6 +21.8 -13.6 +22 4-13.3 +9.2 ± 14.2 - 7.6 -±16.1 - 3.6 ± 13.2

- 1.4 44.0 -1.4 ±42.0 - 1.0 --2.2 +0.7 ±-5.2 -2.0 --5.8 -3.2 ±44.9
+301 -±48t +282 ±-42t +78 ±i24: - 18 -±14 -26 --15 -10 ±-22

+2.3 ±-11.5 -3.9 ±15.0 -27.4 - 10.0* -17.0 ±47.6 +6.0 ±t13.1 +6.8 ±t13.5
+16.8 ±8.1 +10.6 ±5.6 +6.4 ±5.5 -1.8 ±5.3 +2.9 ±7.1 -3.1 ±11.7
-11.0 ±5.5 -4.2 i7.0 -15.4 ±5.2* -10.0 44.5 -2.9 ±2.7 -3.6 ±8.3
+7 ±9 +15 ±20 -69 ±171 -48 ±10t -40 ±12t -31 ±16

+21.1 ±20.4 +53.1 ±39.9 -17.2 ±11.7 -16.6 ±6.0* -12.0 ±6.7 -9.1 ± 16.5
+11.1 ±8.8 +6.8 ±5.2 -8.6 ±9.6 -2.0 ±6.3 -0.2 ±9.5 -11 ±4.7

where it is assumed that plasma calcium is 60% dif-
fusible and that the protein-bound fraction changes in
proportion to the changes in the concentration of total
protein. With such adjustments, the mean increases in
"corrected" calcium levels with thiazide therapy were
0.19 ±0.099, 0.48 ±0.066, and 0.40 ±0.134 mg/100 ml
in the normal subjects, and patients with hyper- and
hypoparathyroidism, respectively. Moreover, in the pa-
tients with hyperparathyroidism where ultrafiltrable cal-
cium levels were actually measured, these increased by
0.27 ±0.092 mg/100 ml (P < 0.025), a value which is
approximately 60% of the "corrected" change in total
calcium concentration.

DISCUSSION
Although previous studies have shown that the admin-
istration of hydrochlorothiazide to normal subjects and
those with hyperparathyroidism causes a decrease in
urinary calcium, the mechanisms(s) responsible for this

phenomenon remains unclear. Urinary calcium repre-
sents the difference betweeil the quantity filtered at the
glomeruli and that reabsorbed by the tubules. A de-
crease in the filtered load of calcium or an increase in
the renal tubular reabsorption can produce a fall in
urinary calcium. The results of other work (1, 3, 8)
and of the present study show that the decrease in uri-
nary calcium observed in normal subjects and in pa-
tients with hyperparathyroidism cannot be accounted
for by a reduction in filtered calcium (Fig. 2).

The renal tubular reabsorption of calcium is closely
related to that of sodium (17, 18, 20, 21), and it is
likely that certain events promoting sodium transport
in the nephron can also augment the reabsorption of
calcium. Also, enhanced tubular reabsorption of calcium
follows increased action of parathyroid hormone (22,
23). Epstein reported that subjects receiving a diet
low in sodium display a fall in their urinary calcium
(24). Further, Suki and coworkers suggested in a
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TABLE I I

Effect of Hydrochlorothiazide and Furosemide
on Body Weight

Body weight
Study Per cent
Group Maximum change in
(No.) Control change weight

kg %
Thiazide
Normal
(11) 85.2 ±3.91 -2.3 40.27 -2.67 40.26

Thiazide
Hyperparathyroid
(10) 73.6 ±4.92 -1.9 40.19 -2.56 ±0.35

Thiazide
Hypoparathyroid
(7) 64.9 ±3.73 -1.4 40.13 -2.13 40.18

Furosemide
Normal
(6) 84.7 ±5.23 -1.9 40.24 -2.28 ±0.27

All data are expressed as mean ±sE.

preliminary report that the thiazide-indu
and consequent reduction in ECV cause

absorption of sodium as well as calcium

the nephron not directly affected by the

iced saliuresis
enhanced re-

in a part of
diuretic (9).

Certain results from the present study are consistent

with such a postulate, First, in normals and patients

with hyperparathyroidism, the thiazide-induced sodium

losses and reduction in body weight, with a presumed

decrease in ECV, were temporally associated with a

fall in urinary calcium. In addition, urinary calcium
remained low during the first 2 to 3 days of the post-

treatment period while urinary sodium was very low.
Moreover, the replacement of sodium losses with sup-

plemental salt abolished the effect of thiazides on uri-
nary calcium. However, patients with hypoparathyroid-
ism and equivalent losses of sodium and body weight
and, presumably, similar depletion of ECV, did not

show a decrease in urinary calcium. Also, after cessa-

tion of treatment with either hydrochlorothiazide or

furosemide, a greater reduction in urinary calcium was

noted in the thiazide-treated group despite similar
cumulative losses of sodium. These observations sug-

gest that factors other than or in addition to ECV de-
pletion may be operative. Such factors include a direct
action of thiazides on calcium reabsorption, thiazide-
induced potentiation of parathyroid hormone action on

the nephron, or direct stimulation of the parathyroid
glands by the drug.

It is possible that thiazide diuretics directly increase
the tubular reabsorption of calcium, but such an action
seems unlikely. The mean urinary calcium did not de-
crease on the 1st day of thiazide treatment in the

TABLE I I I

Changes in Serum Protein and Calcium Concentrations before, during

Serum protein Serum calcium
Study
Group Post-
(No.) Control Treatment treatment Control

.~~~~N.
g/100 ml mg/100 ml

Thiazide
Normal
(11) 7.21 :1-0.22 7.96 :40.27 7.36 410.19 9.48 :410.095

Thiazide
Ylyperparathyroid
(13) 7.30 :1:0.26 7.66 40.35 7.14 ±0.32 11.23 410.231

Thiazide
Hypoparathyroid

7.18 ±0.34 7.61 40.38 7.03 ±0.29 9.06 40.157(10)
Thiazide + NaCl replacement
Normal
(6) 7.24 ±0.18 7.22 ±0.08 7.18 40.24 10.00 ±0.098

Furosemide
Normal
(6) 7.43 ±0.11 7.78 40.17 7.23 ±0.14 9.38 40.129

All data are mean ±SE. "Corrected" serum calcium is derived in a manner described in the text.
* Differs significantly from zero: P < 0.01.
X Differs significantlyfrom zero: P < 0.05.
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present study. Further, acute studies in man (25, 26)
and dogs (27, 28) show that urinary calcium rises
shortly after the administration of thiazides (28), al-
though the increase in calcium excretion relative to
that of sodium is small when compared to other di-
uretics such as furosemide, ethacrynic acid, and mer-
curial compounds (25, 26, 28). This dissociation be-
tween urinary calcium and sodium with thiazides could
be related to direct inhibition of sodium reabsorption at
a site in the distal convoluted tubule where the trans-
port of calcium and sodium are not closely associated
or may be negatively related (29).

Low basal levels of urinary calcium could not be
responsible for the failure of thiazides to cause a fall
in calcium excretion in patients with hypoparathyroid-
ism since the control rates of calcium excretion in
these subjects were similar to or exceeded those of nor-
mals and the subjects with hyperparathyroidism. It is
unlikely that treatment with large doses of vitamin D2
prevented a fall in urinary calcium in response to thia-
zide diuretic. Parfitt (10) reported a decrease in uri-
nary calcium in a patient with idiopathic osteoporosis
receiving vitamin D2, and we have observed a reduction
in urinary calcium after thiazide administration in two
normal subjects receiving vitamin D2, 50,000 IU/day
(unpublished data). It appears, therefore, that para-

thyroid hormone must be present before thiazides cause
a fall in urinary calcium. There is evidence that para-
thyroid hormone exerts renal action through activation
of an adenyl cyclase system with the release of cyclic
AMP (30-32). Thiazides can inhibit phosphodiesterase
(33, 34), an enzyme which accelerates degradation of
cyclic AMP. Therefore, in the presence of parathyroid
hormone, thiazides might lead to increased renal con-
centrations of cyclic AMPand potentiate the action of
the hormone. Such an augmentation of hormone action
is suggested by our observations in two vitamin D-
treated patients with hypoparathyroidism who received
two standardized infusions of parathyroid extract
(PTE), first as a control and later on the 4th day of
therapy with thiazides; in these two patients, the di-
uretic-induced sodium losses were not replaced. Urinary
calcium fell by 17 and 43% with infusion of PTE alone
and by 57 and 69% during the administration of PTE
with thiazides in the two patients, respectively (unpub-
lished observations). The increase in urinary phosphate
in normals and in those with hyperparathyroidism and
the absence of phosphaturia in patients with hypopara-
thyroidism with thiazide administration are also con-
sistent with hydrochlorothiazide potentiating the action
of parathyroid hormone. Eknoyan, Suki, and Martinez-
Maldonado (28) observed brisk phosphaturia after the

and after Therapy with Hydrochlorothiazide or Furosemide

Serum calcium A Serum calcium A "Corrected" serum calcium

Post- Control to Treatment to Control to Treatment to
Treatment treatment treatment post-treatment treatment post-treatment

mg/100 ml mg/100 ml mg/1O0 ml

10.05 ±0.089 9.51 40.113 +0.59 ±0.087* -0.56 40.110* 0.19 ±0.099 -0.22 ±0.107

11.89 40.184 11.15 ±0.260 +0.66 40.130* -0.74 ±0.150* 0.48 ±0.066* -0.42 ±0.132*

9.68 ±:0.223 9.09 ±0.138 +0.63 40.111* -0.57 40.191t 0.40 ±0.134t -0.32 ±0.162

10.00 40.032 9.98 ±0.119 0.00 ±0.115 -0.02 40.142 0.01 40.109 0.01 ±0.096

9.38 40.128 9.22 40.163 +0.01 ±t0.099 -0.16 40.144 -0.17 40.094 +0.14 ±0.168
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FIGURE 3 The levels of total serum calcium during the control period (PRE), hydro-
chlorothiazide administration (TZ), and the post-treatment period (Post) in normals and
patients with hypoparathyroidism and hyperparathyroidism. Each line represents a single
subject and connects the mean value of four to nine determinations made during each period.

acute infusion of chlorothiazide in parathyroidectomized
dogs. Such a discrepancy between their results and the
present observations in man could be due to differences
between species, the duration of hypoparathyroidism,
different levels of serum calcium, the route of admin-
istration and dosage of the diuretic, or the duration of
observation.

The possibility that short-term administration of
thiazide diuretics exerts an effect on urinary calcium
by stimulating the secretion of parathyroid hormone
seems unlikely. Coe, Canterbury, and Reiss (35) re-

port a reduction in plasma immunoreactive parathyroid
hormone after the administration of thiazides and, in a

preliminary study in six patients evaluated in our

facility, no consistent change in plasma parathyroid
hormone levels was observed (11).

The present data suggest that both depletion of ECV
and the presence of intact parathyroid glands are neces-

sary before treatment with thiazides can cause a fall

in urinary calcium. However, it can be argued that ECV
depletion is primarily responsible for the decrease in

urinary calcium and that the absence of such a response

in patients with hypoparathyroidism may be due to an

altered reaction to ECV depletion, per se, in such sub-
jects. The present observations do not exclude this
possibility.

A rise in the level of serum calcium has been de-
scribed in normal subjects receiving thiazides (3, 36),
and thiazides can cause overt hypercalcemia in patients
with hyperparathyroidism (10, 3740). It has been
suggested that the use of thiazides may be of value in
the diagnosis of primary hyperparathyroidism (39, 40).
In the present study, an increase in levels of total serum

calcium was observed in normals, and in patients with
hyper- and hypoparathyroidism during treatment with
thiazides; moreover, hypercalcemia became evident in
the two normocalcemic patients subsequently shown to
have hyperparathyroidism. Overt hypercalcemia did not
occur otherwise, except in one patient with hypopara-
thyroidism treated with vitamin D (Fig. 3). Hyper-
calcemia has been reported during thiazide treatment
in a patient receiving vitamin D (10), and therapy
with thiazides aggravated hypercalcemia in two patients
with malignant disease (39). These observations sug-
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gest that thiazides may induce hypercalcemia in patients
with conditions associated with enhanced rates of bone
resorption.

Several factors may be responsible for the increase in
levels of plasma calcium. Hemoconcentration of plasma
proteins probably accounts in part for the augmented
serum calcium levels. However, after adjustment for
changes in plasma protein, the "corrected" serum cal-
cium levels were still significantly increased during
thiazide therapy in patients with hyper- and hypopara-
thyroidism, while in normals, the "corrected" values
were not significantly greater than controls. Also,
plasma calcium did not change in the normal subjects
when thiazide-induced sodium losses were replaced and
hemoconcentration was prevented. The reduction in uri-
nary calcium during thiazide treatment does not seem
to be the primary factor contributing to the elevation
of plasma calcium. Thus, serum calcium increased in
patients with hypoparathyroidism while urinary calcium
did not change, and previous data (12) have shown
an increase in serum calcium in response to thiazide
treatment in uremic patients with little or no urinary
output. In addition, Parfitt (10) found no correlation
between the change in serum calcium and the quanti-
tative decrease in urinary calcium excretion.

It is possible that thiazides produce an increase in
plasma calcium by enhancing the release of this ion from
bone into the extracellular fluid. This augmented release
might be achieved by a direct action on bone, by po-
tentiation of the action of parathyroid hormone, or by
enhancing bone resorption caused by other factors, e.g.,
vitamin D or malignant diseases.

Finally, the elevation in plasma calcium concentration
could be produced by increased gastrointestinal absorp-
tion of calcium. In this regard, the available data are-
contradictory: observations of enhanced calcium ab-
sorption have been described (8) and others have re-
ported either unchanged or decreased absorption (2,
5,41,42).

ACKNOWLEDGMENTS
Technical assistance was provided by Robert Adachi, John
Lee, Mrs. Sonia Soghomomian, and Mrs. Miriam Bick, with
secretarial aid by Miss Catherine Weckesser. The assistance
of the nursing and dietetic staff of the Metabolic Balance
Unit is gratefully acknowledged.

This work was supported by U. S. Public Health Service
Grants TIAM 5383 and RR05468, and by a grant from the
Southern California Kidney Foundation.

REFERENCES
1. Lamberg, B. A., and B. Kuhlback. 1959. Effect of chloro-

thiazide on the excretion of calcium in urine. Scand. J.
Clin. Lab. Invest. 11: 351.

2. Lichtwitz, A., R. Parlier, S. De Seze, D. Hioco, and
L. Miravet. 1961. L'effect hypocalciurique des sulfamides
diuretiques. Sem. Hop. 37: 2350.

3. Seitz, H., and Z. F. Jaworski. 1964. Effect of hydro-
chlorothiazide on serum and urinary calcium and urinary
citrate. Can. Med. Ass. J. 90: 414.

4. Frederich, A., C. Berger, and C. Gharib. 1965. Influence
d'un sulfamide diuretique, l'hydrochlorothiazide sur 1'-
elimination urinaire du calcium. Therapie. 20: 695.

5. Nassim, J. R., and B. A. Higgins. 1965. Control of
idiopathic hypercalciuria. Brit. Med. J. 1: 675.

6. Duarte, C. G., and J. H. Bland. 1965. Calcium, phos-
phorus and uric acid clearances after intravenous admin-
istration of chlorothiazide. Metabolism. 14: 211.

7. Duarte, C. G., and J. H. Bland. 1965. Changes in metabo-
lism of calcium, phosphorus, and uric acid after oral
administration of chlorothiazide. Metabolism. 14: 899.

8. Yendt, E. R., R. J. A. Gagne, and M. Cohanim. 1966.
The effect of thiazides in idiopathic hypercalciuria. Amer.
J. Med. Sci. 251: 449.

9. Suki, W. N., A. R. Hull, F. C. Rector, Jr., and D. W.
Seldin. 1967. Mechanism of the effect of thiazide diuretics
on calcium and uric acid. Clin. Res. 15: 78.

10. Parfitt, A. M. 1969. Chlorothiazide-induced hypercal-
cemia in juvenile osteoporosis and hyperparathyroidism.
N. Engl. J. Med. 281: 55.

11. Brickman, A. S., J. W. Coburn, M. H. Koppel, M. Pea-
cock, and S. G. Massry. 1971. The effect of hydrochloro-
thiazide administration on serum and urinary calcium in
normal, hypoparathyroid and hyperparathyroid subjects:
Studies on mechanisms. Israel J. Med. Sci. 7: 518.

12. Koppel, M. H., S. G. Massry, J. H. Shinaberger, D. L.
Hartenbower, and J. W. Coburn. 1970. Thiazide-induced
rise in serum calcium and magnesium in patients on
maintenance hemodialysis. Ann. Intern. Med. 72: 895.

13. Pickleman, J. R., F. H. Straus, M. Forland, and E.
Paloyan. 1969. Thiazide-induced parathyroid stimulation.
Metabolism. 18: 867.

14. Kleeman, C. R., S. G. Massry, and J. W. Coburn. 1971.
The clinical physiology of calcium homeostasis, parathy-
roid hormone and calcitonin. Calif. Med. 114: (March)
16; (April) 19.

15. Eisenberg, E. 1968. Effects of varying phosphate intake
in primary hyperparathyroidism. J. Clin. Endocrinol.
Metab. 28: 651.

16. Kyle, L. H., J. J. Canary, D. H. Mintz, and A. DeLeon.
1962. Inhibitory effects of induced hypercalcemia on se-
cretion of parathyroid hormone. J. Clin. Endocrinol.
Metab. 22: 52.

17. Massry, S. G., J. W. Coburn, L. W. Chapman, and
C. R. Kleeman. 1968. Role of serum Ca, parathyroid
hormone, and NaCl infusion on renal Ca and Na clear-
ances. Amer. J. Physiol. 214: 1403.

18. Massry, S. G., J. W. Coburn, L. W. Chapman, and
C. R. Kleeman. 1967. The effect of NaCl infusion on
urinary Ca++ and Mg" during reduction in their filtered
loads. Amer. J. Physiol. 213: 1218.

19. Lavietes, P. H. 1937. Anaerobic ultrafiltration. J. Biol.
Chem. 120: 267.

20. Walser, M. 1961. Calcium clearance as a function of
sodium clearance in the dog. Amer. J. Physiol. 200: 1099.

21. Duarte, C. G., and J. F. Watson. 1967. Calcium reab-
sorption in proximal tubule of the dog nephron. Amer.
J. Physiol. 221: 1355.

22. Kleeman, C. R., D. Bernstein, R. Rockney, J. T. Dowl-
ing, and M. H. Maxwell. 1961. Studies on the renal
clearance of diffusible calcium and the role of the para-
thyroid glands on its regulation. Yale J. Biol. Med. 34:1.

Hydrochlorothiazide and Calcium Metabolism 953



23. Widrow, S. 1I., and N. G. Levinsky. 1962. The effect of
parathyroid extract on renal tubular calcium reabsorp-
tion in the dog. J. Clin. Invest. 41: 2151.

24. Epstein, J. H. 1968. Calcium and the kidney. Amer. J.
Med. 45: 700.

25. Parfitt, A. M. 1969. The acute effects of mersalyl, chloro-
thiazide and mannitol on the renal excretion of calcium
and other ions in man. Clin. Sci. 36: 267.

26. Sotornik, I., 0. Schuck, and J. Stribrna. 1969. Influence
of diuretics on renal calcium excretion. Experientia. 25:
591.

27. Antoniou, L. D., G. M. Eizner, J. M. Slotkoff and L. S.
Lilienfield. 1969. Relationship between sodium and cal-
cium transport in the kidney. J. Lab. Clin. Med. 74: 410.

28. Eknoyan, G., W. N. Suki, and M. Martinez-Maldonado.
1970. Effect of diuretics on urinary excretion of phos-
phate, calcium, and magnesium in thyroparathyroidec-
tomized dogs. J. Lab. Clin. Med. 76: 257.

29. Walser, M. 1971. Calcium-sodium interdependence in
renal transport. In Renal Pharmacology, J. W. Fisher,
and E. J. Cafruny. Appleton-Century-Crofts, New York.
21-24.

30. Chase, L. R., and G. D. Aurbach. 1967. Parathyroid
function and renal excretion of 3',5'-adenylic acid. Proc.
Nat. Acad. Sci. U.S.A. 58: 518.

31. Rasmussen, H. M., M. Pechet, and D. Fast. 1968. Effect of
dibutyryl cyclic adenosine 3'5' monophosphate, the amino-
phylline and other nucleotides upon calcium and phos-
phate metabolism. J. Clin. Invest. 47: 1843.

32. Chase, L. R., S. A. Fedak, and G. D. Aurbach. 1969.
Activation of skeletal adenyl cyclase by parathyroid hor-
mone in vitro. Endocrinology. 84: 761.

33. Moore, P. F. 1968. The effects of diazoxide and benzo-
thiadizide diuretics upon phosphodiesterase. Ann. N. Y.
Acad. Sci. 150: 256.

34. Senft, C., K. Munske, G. Schultz, and M. Hoflman.
1968. Der Einfluss von hydrochorothiazid und anderen
sulfonamidierten diuretica auf die 3',5'-AMP-phosphodi-
esterase-AKTIV-itat in der rattenniere. Naunyn-Schmie-
debergs Arch. Pharmakol. Exp. Pathol. 259: 344.

35. Coe, F. L., J. M. Canterbury, and E. Reiss. 1971. Hyper-
parathyroidism in idiopathic hypercalciuria: primary or
secondary? Clin. Res. 19: 571.

36. Duarte, C. G., J. L. Winnacker, K. L. Becker, and A.
Page. 1971. Thiazide-induced hypercalcemia. N. Engl. J.
Med. 284: 828.

37. Van der Sluys Veer, J., J. C. Birkenhager, and D.
Smeenk. 1966. The effect of orally administered di-
uretics on calcium metabolism (with special emphasis on
serum calcium in hyperparathyroidism). Fourth Euro-
pean Symposium on Calcified Tissues. P. J. Gaillard,
L. A. van den Hooff, and R. Steendiji, editors. Excerpta
Medica, Amsterdam. 96.

38. Paloyan, E., M. Forland, and J. R. Pickelman. 1969.
Hyperparathyroidism coexisting with hypertension and
prolonged thiazide administration. J. Amer. Med. Ass.
210: 1243.

39. Sode, J., J. J. Sabol, C. R. Meloni, and J. J. Canary.
1969. Thiazide challenge in primary hyperparathyroidism.
Clin. Res. 17: 550.

40. Adams, P., T. M. Chalmers, L. F. Hill, and B. McN.
Truscott. 1970. Idiopathic hypercalciuria and hyperpara-
thyroidism. Brit. Med. J. 4: 582.

41. Harrison, A. R., and G. A. Rose. 1968. The effect of
bendrofluazide on urinary and fecal calcium and phos-
phorus. Clin. Sci. 34: 343.

42. Donath, A., S. Nordio, F. Macagno, and R. Gatti. 1970.
The effect of hydrochlorothiazide on calcium and stron-
tium transport in intestine and kidney. Helv. Paediat.
Acta. 25: 293.

954 A. S. Brickman, S. G. Massry, and 1. W. Coburn


