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Since Cushing presented his original cases of the discase that
was to be called Cushing’s syndrome (10), osteoporosis has
been a wellknown complication of hypercortisonism. When
cortisone was introduced as a therapy of severe rheumatologic,
dermatologic and allergic diseases around 1950, it was soon
recognized that also hypercortisonism of exogenous origin
was complicated by osteoporosis.

Cortisone-induced osteoporosis mainly affects the spine,
the pelvis and the ribs (1, 2, §8, 60, 63), but osteoporotic
changes may be seen also in the skull and the long bones of
the extremities (58). Cortisone-induced osteoporosis seems
to be most common in those patients who are liable to get
osteoporosis from other causes, c.g. postmenopausal women,
old people and immobilized patients (51).

Histological studies have shown that cortex and trabeculae
are thin, that there is usually a reduced number of osteoblasts
and that the number of osteoclasts may be normal (57, 8,
60). Fracture healing scems to be delayed (58, 60). Osteo-
malacic changes have also been reported (41).

An increased incidence of fractures in vertebrae and ribs
but also in the extremities affects cortisone-treated patients
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and patients with Cushing’s syndrome (9, 11, 51, §5, 60, 61,
63, 65, 67).

The mechanism by which cortisone induces osteoporosis is
not [ully known. Albright and Reifenstein introduced the anti-
anabolic theory and also wanted to explain other types of
osteoporosis by a relative excess of anti-anabolic hormones
(1,2, 51, 52). Balance studies have shown that many patients
with Cushing's syndrome and many cortisone-treated patients
are in a negative calaum balance (7, 8, 17, 41, 46, 47, 64).
Isaksson et al. have shown that a cortisone-treated patient can
remain in a positive caleium balance and also retain calcium
from a high calcium intake (35).

A Tow intestinal absorption of calcium in hypercortisonism
has been found by many investigators (7, 8, 46, 47, 49, 60,
64). The reduced intestinal absorption has been explained
by some investigators as an anti-vitamin D effect (7, 22, 60).

The balance between acerction and resorption of calcium
in the skeleton has been much studied, as osteoporosis might
be the result of a low rate of accretion or a high rate of re-
sorption or a combination of both. Both histologic and micro-
radiographic studies have been made. Calcium kineties have
been explored by calcium and strontium isotopes. Storey
found a low rate of bone formation while the rate of resorp-
tion seemed to be increased (60), which is in accordance with
investigations by others (8, 30, 40, 47, 54). Sissons (57, 58)
and KNlein et al. (37) found mainly a low rate of bone forma-
tion, while Lisenberg (13—16) found varying rates of bone
formation and concluded that the main mechanism was an ac-
celeration of skeletal resorption. /I ajchenberg et al. by giving
dexamethasone to healthy individuals, found an increased
rate of bonce resorption while the rate of bone formation
varied (64).

The finding of hypercalciuria in cortisone-treated patients
and patients with Cushing’s syndrome has been published in
many reports (1, T4, 16, 39, 435, 51, 60, 64) but .{rnoldsson
(6) failed to discover significant differences in urinary cal-
cium excretion between cortisone-treated asthmatic patients
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and patients without cortisone therapy. The effect of corti-
sone on the kidneys may be an isolated decrease in tubular
reabsorption of calcium (39) or it may be combined with an
increase in the glomerular filtration of calcium (64).

Osteoporosis in old age and in patients with gastrointestinal
disorders has been explained by some investigators as partly
due to low calcium intake. Isaksson and Lindholm made a
dictary analysis in cortisone-treated asthmatic patients (30)-
They could not find a significant difference in calcium intake
between ostcoporotics and non-ostcoporotic patients. Neither
could Riggs et al. (54) find any significant correlation be-
tween low calcium intake and the severity of osteoporosis in
patients with Cushing’s syndrome.

Urist introduced the hypothesis that ostcoporosis in hyper-
cortisonism depends on a suppression of the gonadal function
(63).

While there is a general agreement of the high incidence of
osteoporosis in patients with Cushing’s syndrome—according
to Reifenstein 9o per cent—investigations of the frequency
of osteoporosis in cortisone-treated patients are complicated
by the fact that many of these patients are rather old and thus
liable to be affected by postmenopausal or senile osteoporosis
and that many of the diseases necessitating cortisone therapy
in themselves might give osteoporosis due to reduced physical
activity. Krokowski and Stressman by studies of X-ray densi-
tometry reported a figure of 30 per cent osteoporosis in long-
standing asthma, whether the patients had been treated with
cortisone or not (38), while Arnoldsson by studying X-ray
of spines found a doubled frequency of osteoporosis in corti-
sone-treated asthmatic patients as compared to patients not
treated with cortisone, 19.5 and 10.9 per cent, respectively
(6). McConkey ¢t al. found the same incidence of osteoporo-
sis n patients with rheumatoid discase, whether cortisone ther-
apy had been used or not (435). The lacking accordance in
different reports could partly be explained by different age-
groups and different interpretations of X-ray findings. There
have also been different opinions as to whether the doses of
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cortisone and the duration of the treatment are correlated to
the degree and incidence of osteoporosis (40, §1, §5).

Many therapeutic agents have been tried to prevent or
treat cortisone-induced osteoporosis. Reifenstein (51, 52,
Urist (63), Miravet et al. (47), Fischer & Hastrup (17)
and Eisenberg (135) have reported positive effects with an-
abolic steroids. However, Rosenberg (55), Isaksson et al.
(35) and Dymling et al. (12) failed to discover any signif-
icant effects with this therapy, and Lindholn (42) reported
development of osteoporosis during long-term treatment with
a combination of corticoids and anabolic steroids in asthmatic
subjects. Treatment with calcium tablets and vitamin D has
also been recommended but disappointing results have been
published (17, 55).

Oral phosphate supplementation has been used in the treat-
ment of hypercalcaemia and hypercaleiuria for several years.
The effect of phosphate has been explained by the exceeding
of the CalldPO); solubility product in serum with a resulting
increase in calcium deposition in the skeleton or the soft tissues
(24). Positive effects in the treatment of osteopenia of vary-
ing origin have been reported by Goldsmith et al. (18—21)
with amelioration of skeletal pains, a reverse of negative
calcium balance, a deerease in urinary caletum and hydroxy-
proline excretion and an accelerated healing of fractures.
I errell has suggested the use of phosphate supplementation
in cortisone-induced osteopenia (25).

The disagreement in different reports on the incidence of
osteoporosis and disturbances in calcium metabolism during
long-term cortisone therapy and the varying effects of dif-
ferent therapeutic agents are probably due to different techni-
ques of investigation, different criteria in interpreting the
results as well as varying materials as regarding age, co-
existent disorders, duration of corticoid treatiment and com-
pounds used.

Balance studies have been much criticized during the last
few years by Isaksson et al. (28, 29, 31—34) and 7/ hedon

(66).
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The diagnosis of osteoporosis has usually been a roentgen-
ological onc. However, several authors, e.g. Lachman (40),
have shown that X-ray is a very insensitive method of judging
osteoporosis.

Calcium kinetic studies after intravenous injection of cal-
cium or strontium isotopes have given much valuable informa-
tion. They ncceessitate, however, collections of excreta and are
thus liable to some of the errors of balance studies. The re-
sults seem to vary almost as much as the mathematical models
used and the approximations necessary to solve the equations
(23). Based on such studies some investigators (8, 46, 47)
found mainly a low rate of bone formation in cortisone-
treated subjects, whercas others reported mainly an acceler-
ated rate of bone resorption (13-106, 64).

During the last few years whole-body counting after oral
and intravenous radiocalcium administration has been increas-
ingly used, as it gives the opportunity of measuring calcium
retention without necessitating collections of excreta.

The purposc of the present investigations was to determine
calcium retention and skeletal calcium uptake in corticoid-
treated patients by means of whole-body counting and to
examine the effeet of phosphate treatment in this material.

MATERTAL AND METHODS

Eight men and two women, 22-69 vears of age, suffering from bronchial asthma
were studied. One of the women had for the last year been treated with in-
halations of deoxamethasone but before that she had been on oral triamcinolone
therapy for a long time. All the others had continuous treatinent with tablets of
prednisolone, triamceinolone or betamethasone. Some of the patients also re-
ceived regular injections of ACTI1. The clinical features of the patients and
the duration of the glucocortoid therapy are presented in Table 1. Some of the
patients were staying in the hospital during the examinations, the others were
out-patients. A few of the patients received special diets to minimize allergic
reactions. These diets were supplemented with tablets of calcium  phosphate.
Most of the patients were consuming ordinary, non-standardized meals. Ex-
cept for the drugs mentioned in Table 1, the patients only received conven-
tional, syinptomatic trcatment for their asthma, which was not supposed to
interfere with the results of the present examinations.

ITealthy volunteers, 20-86 years of age, were studied as controls.
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Serum calcium was analyzed according to Hill (26). Determinations of
serum phosphate were made according to Simonsen ¢f al. (56). A slight modi-
fication of the method originally described by Marsh et al. was used for
determinations of serum alkaline phosphatases (33). Urinary calcium was
analyzed by atomic absorption spectrophotometry (5o0).

The technical procedures of whole-body counting have been described in
previous reports (53, 59). The retention of “"Ca was measured in the whole-body
counter 13 days after the administration of 2 pCi. The isotope was given
orally in 3o ml of a solution of CaCl,, containing somg of stable calcium. The
patients were fasting for ten hours before being given the isotope and for
three to four hours thereafter. For four days before the administration of the
isotope and for ten days after it, the patients were treated with calcium tablets,
2 mg of Ca daily (Calcium Sandoz, cffervescent tablets, each tablet containing
0.5 gm of Ca). All urine was collected for 72 hours after the administration
of the isotope and measured in the whole-body counter. This method of de-
termining calcium retention has heen described in previous reports (3, 4).

Skeletal uptake of calcium was determined by measurements of hand radio-
activity after an intravenous injection of 2-8 uCi of carrier-free “Ca. One hand
was measured between the crystals of the whole-body counter at 10, 60 and 240
minutes after the injection. More detailed descriptions of this techniftue has
been published elsewhere (5, 27). The plasma climination and the urinary
excretion of the intravenously injected “Ca were also studied.

After the initial examinations some of the patients were treated with tablets
of Nall:PO, (cffervescent tablets, each containing o.s gm of P). The patients
received 1 gm of P daily in tablets for one to two months. During this treatment
serum concentrations of calcium, phosphate and alkaline phosphatases and
urinary excretion of calcium were followed regularly. In some patients a
repeated study of caleium retention of skeletal calcium uptake was performed
after one month of treatment with phosphate.

RESULTS

Serum calcinm was significantly decreased in the corticoid-
treated patients (0.01 > p > 0.005). Serum phosphate, serum
alkaline phosphatases and urinary calcium were not signifi-
cantly different from the normal (Table 2).

The whole-body retention of “"Ca 14 days after the oral
administration of the isotope was almost significantly de-
creased in the corticoid-treated patients compared to the
healthy controls (0.10 > p > o.05) (Table 3).

The wrinary excretion of orally administered *'Ca was not
significantly different from the normal (Table 3).
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TABLE 2

Serum Concentrations of Calcium, Phosphate and Alkaline Phosphatases and
Urinary Excretion of Calciwm. Means % S.E. of Mean.

No. of Serum Serum flli:llli?lle Urinary
Subjects g ('3'_ ts calcium phosphate )h‘ . 1i Atases calcium
patients mEg/1 mg/ 100 ml phosphatases mg/24 hours
Buch units
Patients
treated with
glucocorticoids 9 3.61 & o.07¥ 3.50 & 0. §** 6.3 £ oy 215 & 32,5
dealthy controls 32 4.84 = o.04 3.16 = 0.09 5.4 F o 195 £ 127§
*noo= 8. ¥ o= 7.

The sum of retention and urinary excretion of '"Ca, ex-
pressed as per cent of given dose, was higher in healthy sub-
jects than in the patients (0.1 > p > 0.05).

Hand uptake of "Ca measured four hours after the intra-
venous injection of the isotope did not differ significantly
between the patients and the controls (Table 4). In the con-
trols was found a high degree of correlation between hand

uptake of “Ca and age (r =

0.789, p < 0.001). In the pa-

TABLE 3

Retention and Urinary Excretion of Orally Addministered YCa.

Means =+

S.E. of Mcan.

Urinary

Retention* L
. No. of . excretion§
Subjects SN per cent
subjects X per cent
of dose
of dose
Patients treated
with glucocorticoids,
average age — 43 vears 9 24.66 = 1.79 7.29 = 1.18
T1ealthy controls,
average age — .40 years 20 30.00 £ 1.58 7.67 = 0.64

* Retention at g days after the administration of the isotope.
§ Urinary excretion o-72 hours after the administration of the isotope.
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TABLE 4

Hand Uptake of Intrawvenously Injected “Ca, Expressed as Counts Per Second

Per Given pCi. Means = S.E. of Mcan.

. .of . . .
Subjects N”. ko 10 minutes 60 minutes 240 minutes
subjects

Patients treated

with glucocorticoids,

average age = J} years 9 38.0 + g g 50.3 kg% 56.6 + 1.4
Iealthy controls,

average age = §3 years 22 33.8 12 1.8§ 48.8 = 1.6 58.8 £ 1.5

*n=2_8. § noag.

ticnts there was no significant correlation (r ==

0.1).

335, p >

There was no significant difference in the plasma elimina-

tion of intravenously injected “"Ca between the patients and
the healthy controls within four hours after the injection
(Table 5).

Patients treated with glucocorticoids had an almost signif-
icantly increased wrinary excretion of intravenonsly injected
""Ca as compared to the healthy subjects (0.05 > p > 0.02%)
("Table 6).
diocalaium after the intravenous injection was significantly
correlated to the amount of radiocalcium excreted in the

urine after oral administration of the isotope (r = 0.847,

In these patients the urinary excretion of ra-

TABLE 5
Plasma Elimination of Tuiravenously Iujected “Ca, Expressed Ads Per Cent of
Injected Dose Per Liter Plasma. Means = S.E. of Mcan.

S g No. of . . .
Subjects . 5 minutes 6o minutes 240 minutes
subjects
Patients treated
with glucocorticoids,
average age w44 years 8 9.44 L 0.77 4.00 £ 0.29 2.80 * 018
Healthy controls,
average age = §3 years 16 9.94 £ 0.66 349 E 0.26 3.03 * 0.16
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TABLE 6
Urinary Excretion of Iniravenously Tnjected “Ca o—y2 Hours Afier the Injection.
Means = S.E. of Mran.

. No. of Urinary "Ca
Subjects RN ) y !
subjects per cent per dose
Patients treated
with glucocorticords,
average age =0 44 years 9 1210 F 148
Healthy controls,
average age = 53 21 8.07 £ 1.07

0.01 > p > o.o0z). This correlation was not studied in
healthy subjects.

The duration of the corticoid therapy was almost signif-
icantly correlated to plasma "Ca concentrations at five mi-
nutes (r == 0.832, 0.02 > p > o.01) and at 60 minutes (r =
0.794, 0.02 > p > o.01) after the injection of the isotope.
After 240 minutes there was no significant correlation. We
found no other significant correlation between the studied

TABLE 7
Effeets of Treatment aeith Nall.PO, on Serum Concentrations of Calcium,

Phosphate and Alkaline Phosphatases and Urinary Excretion of Calcium.
Means = S.E. of Mean.

Serum

. Serum Serum . Trinary
Duration of . . alkaline { rinary
calelum phosphate calcium
treatment mlq/l me/100 ml ph()sph:ltuscs oy}
g . y/2 -
- Buch units mg/24 hours

Jefore treatinent 1-59 X 0.07 3.50 £ 018 5.7 1 0.8 193.3 & 45u1
n:-w:7 n:-.7 n--7 n=—=46
After 1 wecek $.60 X a.06 3.42 0.3 5.8 * oy 166.0 & 37.4
n-—:g n-—3 n-—-3 N g
After 3—14 weeks 446 £ o1z 3.73 £ o.15 6.3 * 0.6 150.0 % 21.8
n-.7y no oy n==¢: n=— 6
After 6-8 weeks 433 & 0.28 3.48 * o.50 6.3 % 1.7 177.5 & 1101

n =g n=—u4 n—au n=-3
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TABLE 8
Effect of Treatment awith NaH.PO; on Hand Uptake of Intravenously Injected
“Ca in Asthmatic Patients Treated awith Glucocorticoids. Resulls Expressed as
Counts Per Second Per Injected pCi.

Hand uptake of *Ca

Subjects . . .
60 minutes 10 minutes 240 minutes

I I 2 6

T + 5 5
It 35 42 49
2 6o

KN 37 ’

I 33 +4 55
- I - - 59
ER 11 50 62 66

I = Before treatment with phosphate. 11 = After treatment with phosphate
for 1 month.

parameters of calcium metabolism and the duration of the
therapy.

Effects of the treatment wwith Nall.PO,: During treatment
there was a slight decrease in serum calcium, which was not
significant when the whole group of patients was regarded.

TABLE ¢
Effect of Treatment with Nall.PO, on Retention of YCa as Measured in a
Whole-body Counter 14 Days After the Oral Administration of the Isotope in
One Asthmatic Patient Treated with Glucocorticoids. Retention Expressed as
Per Cent of Giwven Dose. Urinary Excretion of “Ca Measured o-72 Hours A fter
the ddministration of the Isotope and Expressed as Per Cent of Dose.

Retention
of "Ca

per cent of dose

Urinary “Ca
per cent of dose

Before treatment

with phosphate 22.6 9.8
After treatment with

phosphate for one month 24.6 7.9
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However, the treatment had to be interrupted in three pa-
tients because of low serum calcium, 3.7—4.1 mEq./l. after
four to six weeks of treatment without clinical symptoms of
hypocalcaemia. There was also a slight decrease in urinary
calcium and slight increase in serum alkaline phosphatases.
None of these differences were significant. Nor was there
a significant increase in serum phosphate during treatment
(‘Table 7).

The effect of phosphate treatment on hand uptake of
intravenously injected ""Ca was studied in three patients
(Table 8) and on whole-body retention and urinary excretion
of orally administered "Ca i none patient (Table 9). No
significant changes were observed.

DISCUSSION

The decreased serum calcium in corticoid-treated patients as
compared to healthy individuals could be due to several fac-
tors. Low intestinal calcium absorption may contribute. A de-
crease in serum albumin would give a decrease serum calcium.
Unfortunately, serum albumin was not regularly studied in
these patients.

Whole-body retention of orally administered *"Ca mea-
sured only the retention of the given radioactivity. Since the
ingested ""Ca is mixed with intestinally scereted calcium, it
measures the retention of the amount of calcium mixed with
the radioisotope.

The retention is the difference between absorption and
losses via faeces, urine and sweat. Thus intestinal absorption
is the retention plus the losses. Of these urinary losses are
the most important and also the easiest to measure. We have
regularly studied urinary radiocalctum excretion during the
first 72 hours after the ingestion of the isotope. We have
found in healthy individuals that about 60 per cent of the total
amount of urinary ""Ca excreted is eliminated during this
period of time. Thus total urinary radiocalcium excretion
during 14 days may be obtained from our figures.
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Endogenous faccal losses have been studied by many in-
vestigators by giving intravenous injections of radiocalcium
and measuring the radioactivity in faeces. These losses have
usually been estimated to 100—150 mg/day. According to
Mautalen et al. (44) this should correspond to about 3.3 per
cent of the orally given dose of radiocalcium in normal in-
dividuals.

Dermal losses of calcium have often been neglected in
studies of calcium absorption and retention. Isaksson et al.
(28, 29, 32, 34) have found an average daily dermal loss of
calcium of 120 mg/day, which is of about the samce magnitude
as the endogenous faccal calcium exeretion.

Urinary losses amount to 7.5 per cent of given dose in 72
hours, which corresponds to about 12 per cent of given dose
in 14 days. Endogenous faecal losses amount to about 3 per
cent and dermal losses to another 3 per cent of given dose.
Thus the retention values after 14 days in healthy subjects
should equal absorption minus 18 per cent of the given amount
of radiocalctum.

Retention of orally admmistered “Ca was significantly
decreased in patients treated with glucocorticoids. As endo-
genous faccal Tosses have been reported to be less than normal
in these patients (64), urinary radiocalcium excretion is nor-
mal and no cvidence of increased dermal calcium losses has
been reported, we conclude that absorption of radiocalcium is
mmpaired in these patients.

There is no reason to believe that total intestinal calcium
sceretion should be crcased in patients treated with gluco-
corticoids. On the contrary, /Fajchenberg et al. (64) reported
a significant decrease in intestinal secretion of calcium. The
decreased absorption of radiocalcium in corticoid-treated pa-
tients should therefore also mean a decrcased absorption of
stable calcium.

Hand uptake of intravenously injected *7Ca showed a
significant regression to age in healthy controls, which has
been interpreted as evidence of an increased rate of bone for-
mation in aged individuals (5). Patients treated with gluco-
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corticoids had a normal hand uptake of "Ca in comparison to
age-matched controls. In accordance with Eisenberg (13-16)
and /W ajchenberg et al. (64) we therefore conclude that the
rate of bone formation is not significantly affected in corti-
coid-treated patients. Though roentgenological findings have
been used to suggest that the hand skeleton in cortisone-
treated patients is not representative for calcium metabolism
in the total skeleton, a comparison of our findings in various
ages of normals and in these patients indicate a normal ability
to accrete calcium in the latter material.

Studies by others have indicated an increased rate of bone
resorption in corticotd-treated patients (8, 36, 46, 54, 60, 64).
Our studies do not allow any conclusions in this respect, as
Tong-term studies arc needed. However, the low intestinal
calcium absorption might give a sccondary hyperparathyroid-
ism, resulting in increased bone resorption.

The finding of significantly increased urinary radiocalcium
excretion after intravenous injection of the isotope in corticoid-
treated patients, is in accordance with the studies of //7ajchen-
berg el al. (64). 1t could be due to an increased glomerular
filtration of calcium (64) or a deerease in tubular reabsorp-
tion of calcium (39, 64). There might also exist a tubular
secretion of calcium (62), which could be influenced by gluco-
corticoids.

According to Goldsmith et al. (18=21) oral phosphate
supplement has no effect on serum concentrations of caleium
and phosphate in normo-calcaemic individuals. We could not
find a significant decrease in serum calcium during phosphate
treatment in the patients as a group, but three of them de-
veloped hypocalcaemia. Goldsmith et al. found a constant Je-
crease in urinary calcium, which was not observed in our
patients. However, our number of patients treated with phos-
phate is very small and does not permit very extensive con-
clusions.
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SUMMARY

Ten asthmatic patients treated with glucocorticoids were
studied. With one exception they had all been treated for at
least one year. One of them had skeletal pains, two had suf-
fered from fractures and three had X-ray signs of osteopenia.
Serum calcium was significantly decreased, while the concen-
trations of serum phosphate and serum alkaline phosphatases
were within normal limits. Urinary calcium excretion was
numerically but not significantly increased. Whole-body reten-
tion of orally administered "Ca was not quite significantly
decreased. After intravenous injection of '"Ca the radioac-
tivity in one hand was not significantly different from the
results in healthy individuals, while the urinary radiocalcium
excretion was significantly increased.

The results of these studies are interpreted as signs of de-
creased intestinal absorption of calcium, increased urinary
clearance of calcium and normal ability to deposite calcium
in the skeleton in patients treated with glucocorticoids.
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