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Abstract

Osteoporosis is a common manifestation of Cushing’s syndrome, but
the mechanisms responsible for this abnormality have not been de-
fined. With the objective of analyzing parathyroid hormone (PTH)
secretion in chronic hypercortisolism (CH), we evaluated 11 healthy
subjects and 8 patients with CH, 6 with Cushing’s disease and 2 with
adrenal adenoma. These volunteers were submitted to tests of PTH
stimulation through hypocalcemia (EDTA), PTH suppression through
hypercalcemia (iv and oral calcium), and evaluation of bone mineral
density (BMD) by DEXA. During the test of PTH stimulation, the
calcium and magnesium concentrations of the normal and CH groups
were similar. Patients with CH showed an increased PTH response to
the hypocalcemic stimulus compared to controls. PTH values were
significantly higher in the CH group at 70 (17.5 ± 3.5 vs 10.2 ± 1.3
pmol/l, P = 0.04), and 120 min (26.1 ± 5.9 vs 11.3 ± 1.9 pmol/l, P =
0.008) of EDTA infusion. The area under the curve for PTH during
EDTA infusion was also significantly higher in patients with CH than
in normal subjects (1867 ± 453 and 805 ± 148 pmol l-1 2 h-1, P = 0.02).
During the test of PTH suppression, calcium, magnesium and PTH
levels of the patients with hypercortisolism and controls were similar.
BMD was decreased in patients with hypercortisolism in the spine
(0.977 ± 0.052 vs 1.205 ± 0.038 g/cm2 in controls, P<0.01). In
conclusion, our results show that subjects with CH present decreased
bone mass mainly in trabecular bone. The use of dynamic tests
permitted the detection of increased PTH secretion in response to a
hypocalcemic stimulus in CH patients that may probably be involved
in the occurrence of osteoporosis in this state.
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Introduction

Chronic hypercortisolism (CH) has been
considered to be the most frequent cause of
secondary osteoporosis. Compressive verte-
bral fractures occur in 30 to 35% of patients
with Cushing’s syndrome and the risk of
femoral neck fractures is increased by 50%

in this group (1).
Great interest in the study of the causal

mechanisms of glucocorticoid-induced bone
loss has arisen over the last few years. Some
investigators have suggested direct mechan-
isms involving a reduction of osteoblastic
activity and/or increased osteoclastic action
(2,3). Others have indicated that the loss of
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bone mass may be secondary to indirect
factors such as a decrease of gonadal steroid
levels and calciotropic hormones or to alter-
ations in growth factors such as insulin-like
growth factor I and cytokines (4-9).

The effect of parathyroid hormone (PTH)
on the etiopathogenesis of glucocorticoid-
induced osteoporosis is controversial. In dif-
ferent studies, normal and elevated PTH lev-
els have been demonstrated in hypercortisol-
ism under basal conditions (4,5,10-12). Nor-
mal levels are attributed to a direct osteolytic
action of glucocorticoids, increasing the cal-
cium flow from bones to the circulation,
whereas the increased PTH levels are justi-
fied by the direct trophic action of glucocor-
ticoids on the parathyroids, or indirectly by a
reduction of intestinal absorption and/or an
increase of renal calcium excretion.

The objective of the present study was to
evaluate PTH secretion through dynamic tests
and bone mineral density (BMD) in patients
with chronic endogenous hypercortisolism.

Subjects and Methods

Eleven healthy subjects, 8 women and 3
men (control group), and 8 patients with CH,
7 women and 1 man, 6 with pituitary disease

and 2 with adrenal adenoma (CH group),
were studied. The groups did not differ sig-
nificantly in terms of age, weight, height or
body mass index. Their clinical characteris-
tics are shown in Table 1. None of the sub-
jects studied had a personal or family history
of liver, renal or osteometabolic diseases or
had used any other medication capable of
interfering with bone metabolism.

The study was approved by the Ethics
Committee of the University Hospital, School
of Medicine of Ribeirão Preto, University of
São Paulo, and all subjects gave written
informed consent to participate.

The volunteers were submitted to a test
of PTH stimulation through the induction of
hypocalcemia by intravenous (iv) infusion
of disodium ethylenediaminetetraacetic acid
(EDTA), to tests of PTH suppression through
the induction of hypercalcemia by iv and
oral calcium administration (13), and to
evaluation of BMD by double-energy X-ray
absorptiometry (DEXA, Sophos, LXRA,
Paris, France).

The studies were performed in the morn-
ing after a 12-h fast on different days. A
superficial vein was punctured in each arm
(one for blood sample collection and the
other for infusion) and after 30 min of rest,

Table 1. Clinical characteristics of patients with chronic hypercortisolism (CH) and healthy subjects (controls).

Sex Age (years) Weight (kg) Height (cm) BMI (kg/m2) Etiology of CH

CH patients
1 F 32 98.7 159.0 39.0 Adrenal adenoma
2 F 29 52.2 150.5 23.2 Adrenal adenoma
3 F 30 68.1 145.0 32.4 Cushing’s syndrome
4 F 23 53.0 150.0 23.5 Cushing’s syndrome
5 F 21 73.8 159.0 29.2 Cushing’s syndrome
6 F 24 67.2 160.0 23.4 Cushing’s syndrome
7 F 34 99.7 171.5 33.9 Cushing’s syndrome
8 M 27 72.5 175.0 23.7 Cushing’s syndrome

Mean ± SEM 27.5 ± 1.6 73.1 ± 3.3 158.7 ± 2.7 28.5 ± 2.1

Controls
Mean ± SEM 31.7 ± 2.5 69.2 ± 5.5 164.3 ± 3.4 25.9 ± 2.6

BMI = body mass index. Controls: N = 11 (8F, 3M).
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blood samples were drawn to determine
plasma cortisol, LH, FSH, testosterone, an-
drostenedione, DHEA-S, estradiol, prolac-
tin, and free T4 and TSH levels.

In the PTH stimulation test, venous blood
samples were collected every 10 min for the
determination of ionized calcium, magne-
sium and intact PTH during a basal period
(30 min) and after infusion of EDTA solu-
tion. The EDTA solution was prepared im-
mediately before administration and con-
tained 30 mg/kg weight EDTA, 2.7 mg/kg
weight lidocaine, and a 5% glucose solution
in a total volume of 200 ml. This solution
was totally infused over a period of 2 h
(Harvard Apparatus) into the contralateral
arm to that used for blood collection using a
continuous infusion pump.

In the iv test of PTH suppression, venous
blood samples were collected every 10 min
during the first hour and every 20 min there-
after for the determination of ionized cal-
cium, magnesium and intact PTH. After 30
min (basal period), a solution containing 5.0
mg/kg calcium gluconate and 5% glucose in
a total volume of 100 ml was administered
over a period of 2 h, as previously described
for the test of PTH stimulation.

In the oral test of PTH suppression,
venous blood samples were collected every
30 min for the determination of ionized cal-
cium, magnesium and intact PTH during a
basal period (2 collections) and after the oral
administration of 1 g of elemental calcium (2
tablets of Calcium Sandoz F™, Basel, Swit-
zerland) over a period of 3 h.

Ionized calcium (normal range: 1.14-1.29
mmol/l) was measured in blood obtained
with a 3-ml syringe containing calcium-
titrated heparin (2560™ Radiometer, Co-
penhagen, Denmark) using an analyzer with
a calcium-specific electrode (Radiometer
ICA II, Copenhagen, Denmark). Samples
were collected anaerobically and measure-
ments were made immediately after collec-
tion. Intact PTH was determined in serum by
immunochemiluminescence (ICMA, Immu-

lite, Diagnostic Products Corporation, Los
Angeles, CA, USA). The intra- and inter-
assay coefficients of variation and the mini-
mum detectable dose were 3.3%, 10.2% and
1 pg/ml, respectively. Serum samples for the
determination of intact PTH were separated
in a refrigerated centrifuge and frozen at
-70ºC until the day for determination. Serum
magnesium (normal range: 0.8-1.3 mmol/l)
was determined in duplicate by atomic ab-
sorption spectrophotometry using a Perkin-
Elmer apparatus (Perkin Elmer, Norwalk,
CT, USA). LH, FSH, testosterone, andro-
stenedione, DHEA-S, cortisol, estradiol, and
prolactin were determined by radioimmu-

Figure 1. Test of parathyroid
hormone (PTH) stimulation in
hypercortisolism. Blood calcium
(A), magnesium (B), and PTH
concentrations (C) of patients
with chronic hypercortisolism
(CH) and normal subjects (con-
trols), before (time -30, -20, -10,
0) and for 2 h after EDTA infu-
sion (30 mg/kg weight). Data are
reported as means ± SEM.
*P<0.05 compared to controls
(Mann-Whitney test).
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noassay. Free T4 and TSH were determined
by ICMA.

BMD was measured in the spine (L2 and
L4), femoral neck and Ward triangle by
DEXA.

The results are reported as means ± SEM.
Data were analyzed statistically by the two-
tailed Mann-Whitney test for comparison
between different groups, and by the Fried-
man and Dunn tests for analysis of variance
with multiple comparisons of the functional
tests. The area under the curve (AUC) was
calculated for each curve response by the
trapezoidal method. The level of statistical
significance was set at 5% (P<0.05).

Results

Eight controls and 8 patients with CH
were submitted to the test of PTH stimula-
tion by EDTA infusion. During this test, the
mean basal levels of ionized calcium were
1.20 ± 0.02 in the control group and 1.22 ±
0.01 mmol/l in the CH group, with a similar
decrease in both groups after EDTA infusion
(Figure 1A). The mean basal levels of mag-
nesium were 0.74 ± 0.02 in controls and 0.72
± 0.03 mmol/l in CH patients, with no sig-
nificant difference between groups during
the test (Figure 1B). In the same test mean
basal PTH levels were similar between groups
(2.62 ± 0.5 in normal subjects and 3.4 ± 0.8
pmol/l in CH patients). After the stimulus,
PTH values were significantly higher at 70
(17.5 ± 3.5 vs 10.2 ± 1.3 pmol/l, P = 0.04),
and 120 min (26.1 ± 5.9 vs 11.3 ± 1.9 pmol/l,
P = 0.008) of EDTA infusion in the CH
group compared to controls. The AUC of
PTH during EDTA infusion was also signifi-
cantly higher in patients with CH than in
normal subjects (1867 ± 453 and 805 ± 148
pmol l-1 2 h-1, P = 0.02) (Figure 1C).

Seven normal subjects and 6 patients
with CH were submitted to the iv test of PTH
suppression by calcium gluconate infusion.
In this test, the mean basal levels of ionized
calcium were 1.20 ± 0.01 in controls and
1.22 ± 0.01 mmol/l in CH patients. After
calcium infusion, CH patients reached higher
levels of ionized calcium at 50, 60, 100 and
120 min of the test, although when the AUC
of ionized calcium levels after calcium infu-
sion is considered there was no difference
between groups (13.6 ± 1.2 vs 16.2 ± 1.2
mmol l-1 2 h-1) (Figure 2A). The mean basal
values of magnesium during that test did not
differ significantly between controls and CH
patients (0.74 ± 0.02 vs 0.72 ± 0.03 mmol/l).
During calcium infusion, magnesium levels
were relatively stable, with similar serum
concentrations in both groups (Figure 2B).
No statistically significant differences in ba-
sal PTH levels were observed between groups

Figure 2. Intravenous test of
parathyroid hormone (PTH) sup-
pression in hypercortisolism.
Blood calcium (A), magnesium
(B), and PTH concentrations (C)
of patients with chronic hyper-
cortisolism (CH) and normal sub-
jects (controls), before (time -30,
-20, -10, 0) and for 2 h after cal-
cium gluconate infusion (5 mg/
kg weight). Data are reported as
means ± SEM. There were no
significant differences between
groups.
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(2.6 ± 0.2 in controls and 3.5 ± 0.9 pmol/l in
CH patients). After calcium infusion there
was a similar decrease in PTH concentra-
tions in both groups (Figure 2C).

Seven controls and 7 CH patients were
submitted to the oral test of PTH suppres-
sion. In this test, ionized calcium levels were
similar between groups both under basal
conditions (1.21 ± 0.01 in controls and 1.19
± 0.03 mmol/l in CH patients) and after
calcium overload (Figure 3A). There was no
difference in magnesium levels between
groups (0.74 ± 0.02 and 0.75 ± 0.02 mmol/l
in normal subjects and patients with CH,
respectively) with similar concentrations of
this ion after calcium ingestion (Figure 3B).
Normal and CH subjects presented equiva-
lent basal PTH concentrations (2.9 ± 0.5 and
3.1 ± 0.6 pmol/l, respectively). After cal-
cium overload, there was a significant reduc-
tion in PTH levels in both groups, with no
significant differences between them (Fig-
ure 3C).

Patients with CH showed significantly
decreased BMD in the spine when compared
to the control group (0.977 ± 0.052 vs 1.205
± 0.038 g/cm2, P<0.01), but no difference
from controls in the femoral neck (0.845 ±
0.044 vs 0.937 ± 0.046 g/cm2) or in Ward
triangle (0.746 ± 0.047 vs 0.856 ± 0.029 g/
cm2).

Considering that sex can interfere with
bone mass, the BMD and androgen levels of
women were analyzed separately. Seven of
11 controls and 7 of 8 patients with hyper-
cortisolism were females. Women with CH
presented significantly decreased BMD in
the spine when compared to the control group
(0.950 ± 0.051 vs 1.199 ± 0.048 g/cm2,
P<0.01), but no difference from normal
women in the femoral neck (0.823 ± 0.044 vs
0.900 ± 0.048 g/cm2) or in Ward triangle
(0.731 ± 0.052 vs 0.836 ± 0.034 g/cm2).

Androstenedione levels were significantly
higher in CH group women (6.3 ± 1.7 vs 2.4
± 0.5 nmol/l, P = 0.03), who also showed a
tendency to more elevated testosterone lev-

els (2.7 ± 0.6 vs 1.7 ± 0.3 nmol/l, P = 0.09)
compared to control women. Female pa-
tients with CH and normal women presented
similar DHEA-S (5.4 ± 1.4 vs 2.7 ± 0.1
µmol/l) and estradiol levels (295.5 ± 38.5 vs
294.8 ± 57.6 pmol/l).

Discussion

The mechanisms involved in glucocorti-
coid-induced osteoporosis have been exten-
sively investigated in the last years. In vitro
studies have reported that these steroids can
act on bone by remodeling cells, reducing
bone formation (2) and stimulating bone

Figure 3. Oral test of parathyroid
hormone (PTH) suppression in
hypercortisolism. Blood calcium
(A), magnesium (B), and PTH
concentrations (C) of patients
with chronic hypercortisolism
(CH) and normal subjects (con-
trols), before (time -30, 0) and
for 3 h after ingestion of 1 g of
elemental calcium. Data are re-
ported as means ± SEM. There
were no significant differences
between groups.
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resorption (3). In addition to exerting these
direct actions on bone, these steroids can
potentially affect the process of bone remod-
eling in an indirect manner by interfering
with the secretion of calciotropic hormones
and sex steroids.

Osteoporosis detected in patients with
hypercortisolism is usually attributed to a
decreased production of gonadal steroids. It
is well known that androgens have an impor-
tant anabolic effect on bone mass. The hy-
pogonadism of Cushing’s syndrome is the
result of a direct suppressive action of gluco-
corticoids on gonadal steroidogenesis, GnRH
release or pituitary sensitivity to GnRH (6).
However, Cushing’s syndrome is a hetero-
geneous disturbance. In contrast to exog-
enous hypercortisolism (iatrogenic causes),
pituitary disease usually presents variable
degrees of adrenal hyperandrogenism (14).
Thus, high ACTH levels stimulate adrenal
production of androgen, and this action usu-
ally exceeds the inhibitory effect of gluco-
corticoids on ovarian production of andro-
gens, resulting in hyperandrogenism. In the
present study, CH patients presented differ-
ent androgen profiles. Thus, evaluation of
women with CH showed significantly higher
androstenedione levels and a tendency to
more elevated testosterone levels, and even
so, the spinal BMD of women with CH was
lower than that of normal women. There-
fore, androgen deficiency by itself does not
explain the occurrence of osteoporosis in
these patients. Previous studies have sug-
gested that DHEA-S is an important hor-
mone for the maintenance of bone mass.
During aging, the fall in DHEA-S levels has
been implicated in the occurrence of os-
teoporosis (15). In our study, similar levels
of DHEA-S were observed in patients with
CH and controls. Therefore, our results indi-
cate that the loss of bone mass in hypercorti-
solism occurs even in subjects that maintain
increased levels of androgens of adrenal ori-
gin. On the other hand, reduced androgen
levels may be an additional factor accelerat-

ing bone loss in exogenous hypercortisol-
ism, in which lack of androgen production
usually occurs.

The importance of estradiol to the main-
tenance of bone mass has been emphasized
in recent years. It was demonstrated in some
studies that this hormone has a trophic effect
on bones even in males (16,17). In the pres-
ent study, CH patients did not present lower
estradiol levels when compared to controls.
This was probably due to the peripheral
(adipose tissue) conversion of androgens to
female sex steroids. Once again, our results
indicate that hypogonadism is not the main
causal factor for the occurrence of osteoporo-
sis in chronic endogenous hypercortisolism.

Our results show that the basal PTH lev-
els of patients with endogenous hypercorti-
solism and healthy subjects were similar.
During the induction of hypocalcemia, pa-
tients with CH presented a significantly
higher PTH secretion than controls. These
data suggest that measurement of basal PTH
levels is insufficient for the evaluation of
abnormalities in PTH secretion in CH. Dif-
ferent results were described by Chiodini et
al. (18). These authors demonstrated elevated
basal PTH levels, reduced bone mass and
increased bone turnover markers in 18
eugonadal women with Cushing’s syndrome
compared to controls. Nevertheless, in the
present study alterations in PTH secretion
were evidenced by the PTH stimulation test,
suggesting that this method is more adequate
for the evaluation of the parathyroid secre-
tory reserve in endogenous Cushing’s syn-
drome.

Some investigators have reported that
glucocorticoids have a direct stimulating ef-
fect on the parathyroids, and act through
specific receptors present there. Parathyroid
hyperplasia and increased PTH levels with
the administration of cortisone acetate have
been demonstrated in experimental studies
on animals (19) and in patients with Cush-
ing’s syndrome (20). More recently, Karmali
et al. (21) suggested that the action of gluco-
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corticoids on the parathyroids may be caused
by a reduction of the number of 1,25-dihy-
droxyvitamin D receptors, thus reducing the
inhibitory activity of 1,25-dihydroxyvitamin
D on this gland. The PTH increase may also
be due to a metabolic adaptation in response
to a decrease in the intestinal absorption and/
or an elevation in the urinary excretion of
calcium. Abnormalities in intestinal calcium
absorption caused by glucocorticoids may
be related to several mechanisms. These ster-
oids may act directly on the gut, provoking a
decrease in intestinal calcium absorption,
and resulting in hypocalcemia which is ca-
pable of stimulating the secretion of PTH
(22). Glucocorticoids can inhibit the action
of vitamin D, decreasing the number of its
receptors or increasing its degradation (23).
Calcium-binding proteins are fundamental
in the intestinal mucosa to allow calcium
absorption. According to Kimberg (24), vi-
tamin D is involved in the induction of the
formation of these proteins and the gluco-
corticoids have an opposite effect. Corradino
and Fullmer (25) verified that the genetic
expression of calbindin-D28K, a protein in-
volved in calcium absorption in the intesti-
nal mucosa, is reduced in subjects exposed
to high glucocorticoid concentrations, thus
justifying the effect of these steroids on in-
testinal calcium absorption. Besides the de-
crease in intestinal calcium absorption, glu-

cocorticoids cause a reduction in tubular
calcium reabsorption, interfering with the
balance of this ion, and could result in hypo-
calcemia capable of stimulating PTH secre-
tion.

Our results showed that subjects with CH
present decreased bone mass mainly in tra-
becular bone. Although these patients pre-
sented elevated levels of androgens com-
pared to controls, this increase did not seem
to be sufficient to counterbalance the osteo-
catabolic action of glucocorticoids. In this
study, the use of dynamic tests permitted the
detection of increased PTH secretion in CH
patients. However, the data obtained did not
allow us to conclude if this phenomenon was
due to a direct or indirect action on the
parathyroid gland. Nevertheless, it is pos-
sible to assume that the altered PTH secre-
tion found here is involved in the osteopenia
developed by these patients.
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