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Summary
Serum bone Gla protein, a marker ofbone
formation, and carboxyterminal cross-
linked telopeptide oftype I collagen levels,
an index of bone resorption, were evalu-
ated in eight patients with active Cush-
ing's syndrome and in four with
'preclinical' Cushing's syndrome, before
and after surgery. In basal conditions,
serum bone Gla protein levels were sig-
nificantly lower (p < 0.0001) in patients
with active Cushing's syndrome
(1.0+0.35 ng/ml) than in controls
(5.4+ 0.15 nglml); two out of four patients
with the 'preclinical' form had reduced
bone Gla protein levels, while in the other
two cases levels were in the normal range.
Serum levels of carboxyterminal cross-
linked telopeptide of type I collagen
(3.0+0.4 nglml), although slightly re-
duced, were similar to those recorded in
controls (4.1 +0.3 ng ml), both in patients
with active and with preclinical Cushing's
syndrome. After surgery serum levels of
both marker proteins significantly in-
creased in seven out of eight patients with
active Cushing's syndrome; in one pa-
tient, who was not cured after surgery,
bone Gla proteins levels remained lower
than in normals, while levels of carboxy-
terminal cross-linked telopeptide of type I
collagen had a transient increase after six
months. In the two patients with a 'pre-
clinical' Cushing's syndrome who under-
went surgery, a significant rise of the
levels of both marker proteins was ob-
served, similar to that observed in patients
with active Cushing's syndrome. It was
concluded that serial determinations of
these new markers of bone formation and
resorption may be usefully employed to
follow-up the clinical course of Cushing's
syndrome and provide information on the
rate of bone turnover in response to
medical and/or surgical therapies. More-
over, the evaluation of these markers in
preclinical states of Cushing's syndrome
might suggest the need for surgery.
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After the first historical report,' many studies
confirmed the presence of a steroid-induced
negative effect on bone.`7 In this respect, the

chronic maintenance of supraphysiological
levels of glucocorticoids, of endogenous and
exogenous origin, is commonly associated with
the development of severe osteopenia in
man.5'6 The mechanisms by which glucocorti-
coids produce their effects on bone are to date
only partially understood2'6'8; histological stu-
dies of bone in patients with steroid-induced
osteopenia have demonstrated both decreased
formation rates and increased numbers of
osteoclasts and resorption sites.9-"
Up to now, the effects of glucocorticoids on

bone have mainly been studied in patients
receiving exogenous steroids,5'6"2-'4 while few
data are available on steroid-induced damage in
patients with Cushing's syndrome. In these
patients, the radiographic evidence of reduced
bone mass and pathologic fractures have been
described,4" 5 while the evaluation of bone
formation and resorption activities has been
partially prevented by the lack of reliable and
specific biochemical markers, able to detect the
less evident modifications ofbone turnover. 16-18
We therefore determined serum bone Gla

protein, a marker of bone formation, and
carboxyterminal cross-linked telopeptide of
type I collagen (ICTP), an index of bone
resorption, in a group of patients with Cush-
ing's syndrome, before and after surgery.
Moreover, although the natural history of
glucocorticoid-induced bone loss is not yet
fully characterized, it has been reported that
osteopenia and fractures might occur prior to
the onset of other manifestations of Cushing's
syndrome, suggesting that severe bone loss
may occur early in the course of increased
endogenous glucocorticoid exposure.4"l9
Therefore, the modifications of these markers
were evaluated, also in some patients with so-
called 'preclinical' Cushing's syndrome, a
condition that is increasingly recognised thanks
to the wide availability of new imaging techni-
ques detecting adrenal incidentalomas.20

Materials and methods

Eight patients with active Cushing's syndrome
(one man, age range 22-46 years, cases 1 -8)
and four with 'preclinical' Cushing's syndrome
(three men, age range: 42-74 years, cases 9-
12) were admitted to the study. The main
clinical features and baseline hormonal data of
the patients are shown in table 1.
The diagnosis of Cushing's syndrome was

made on the basis of clinical, hormonal and
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Table 1 Clinical features and baseline hormonal data of patients with
Cushing's syndrome

Adreno- Uninary free
Cortisol corticorropin cortisol

Case Diagnosis Sex Age (yr) (nmolll) (pmolIl) (nmollday)

1 CD F 46 830 7.0 719
2 CD F 22 469 13.0 643
3 CD M 28 762 20.0 555
4 CD F 25 957 14.1 767
5 CD F 33 1217 11.0 1475
6 CD F 38 1034 17.4 316
7 AA F 28 1329 0.4 367
8 EAS F 31 883 20.7 630
9 PCC F 41 571 0.4 690
10 PCC M 66 625 0.7 311
11 PCC M 68 255 1.0 374
12 PCC M 74 589 0.7 434

CD, Cushing's disease; AA, adrenal adenoma; EAS, ectopic adrenocorticotropin
secretion; PCC, preclinical Cushing's syndrome.
Control group (mean+ SE): cortisol: 403 + 20 nmol/l; adrenocorticotropin: 5.4+ 0.8
pmolIl; urinary free cortisol: 120+ 8.8 nmol/day

Table 2 Cortisol and adrenocorticotropin levels and urinary free
cortisol excretion after surgery in patients with Cushing's syndrome

Adreno- Urinary free
Cortisol corticotropin cortisol

Case Diagnosis Therapy (nmolll) (pmol/l) (nmollday)

1 CD ADX (1) 30 55.9 <10
2 CD PA 122 2.6 <10
3 CD PA 27 <0.2 10
4 CD PA <10 7 59
5 CD PA 335 1.4 133
6 CD PA 426 5.1 427
7 AA ADX (2) 16 1.8 26
8 EAS PL 182 3.7 55
9 PCC ADX <10 0.4 <10
10 PCC ADX 298 11.2 47

CD, Cushing's disease; AA, adrenal adenoma; EAS, ectopic adrenocorticotropin
secretion; PCC, preclinical Cushing's syndrome; ADX, adrenalectomy (1, bilateral; 2,
unilateral); PL, pulmonary lobectomy; PA, pituitary adenomectomy.
Control group (mean + SE): cortisol: 403 + 20 nmol/l; adrenocorticotropin 5.4+ 0.8
pmolIl; urinary free cortisol: 120.2+ 8.8 nmol/day

radiological findings. The 'preclinical' condi-
tion was defined by the presence of an
incidentally detected adrenal mass in patients
without any evident sign or symptom sugges-
tive of hypercortisolism, who showed normal
baseline serum cortisol, high urinary free
cortisol excretion, suppressed levels of plasma
adrenocorticotropin, cortisol levels not ade-
quately suppressed by overnight dexametha-
sone and high-dose dexamethasone tests, and
absent or impaired responses to corticotropin-
releasing hormone stimulation.
Ten patients (cases 1-10) were studied

before and after surgery; six patients under-
went transsphenoidal adenomectomy (cases
2-6), four adrenalectomy (cases 1, 7, 9, 10),
one pulmonary lobectomy for removal of a
bronchial carcinoid (case 8). Nine out of ten
patients showed a remission of the disease,
while case 6 was not cured, as shown in table 2.
All operated patients, except cases 5, 6 and 10,
became hypoadrenal and were on cortisone
acetate (25-37.5 mg/day) replacement ther-
apy for six (case 4) and 12 months (cases 1 -3,

7-9) respectively. None of the patients had
any other disease or took drugs known to affect
bone mineral metabolism during the follow-up
period.

Data obtained from patients were compared
with those recorded in an age- and sex-
matched control group (n=50, ages 25-69
years), recruited among friends and colleagues.

RADIOIMMUNOASSAY
Serum bone Gla protein, ICTP and cortisol
levels and plasma adrenocorticotropin levels
were determined by commercial radioimmu-
noassay and IRMA kits (CIS Diagnostici, Italy;
Orion Diagnostica, Finland; Diagnostic Pro-
ducts, USA and Nichols Institute, USA,
respectively). Urinary free cortisol levels were
determined by radioimmunoassay (Diagnostic
Product, USA). The intra- and inter-assay
coefficients of variation were 4.5 - 6.2% (bone
Gla protein), 5.0-6.8% (ICTP), 4.6-5.4
(cortisol) and 3.1 - 7.3% (adrenocorticotro-
pin). The lower limits of sensitivity were
0.5 ng ml (bone Gla protein), 0.5 ng/ml
(ICTP), 11.0 nmol/l (serum cortisol), 5.4
nmol/day (urinary free cortisol) and
0.44 pmol/l (adrenocorticotropin).

STATISTICAL ANALYSIS
All data are expressed as mean + standard
error. Student's paired and unpaired t test
were calculated as appropriate; p-values less
than 0.05 were considered significant.

Results

At baseline, serum bone Gla protein levels
were significantly lower (p<0.0001) in pa-
tients with active Cushing's syndrome
(1.0+0.35 ng/ml) than in controls (5.4+
0.15 ng/ml); no significant differences in bone
Gla protein levels were found in relation to the
different aetiologies. Two out of four patients
with the 'preclinical' condition (cases 9 and 10)
had reduced bone Gla protein levels (0.4 and
0.2 ng/ml, respectively), while in the other two
cases (cases 11 and 12) bone Gla protein levels
were in the normal range (4.5 and 4.6 ng/ml,
respectively).
Mean ICTP levels (3.0 ± 0.4 ng/ml),

although slightly reduced, were similar to those
recorded in controls (4.1 ± 0.3 ng/ml), both in
patients with active (3.3 + 0.6 ng/ml) and in
those with the preclinical Cushing's syndrome
(2.3 + 0.05 ng/ml); no significant differences in
ICTP levels were found in relation to the
different aetiologies.
No significant correlations were found be-

tween baseline bone Gla protein or ICTP
levels and cortisol levels.

After surgery, serum bone Gla protein and
ICTP levels significantly increased in seven out
of eight patients with active Cushing's syn-
drome, as shown in figure 1; in patient 6, who
was not cured by surgery, bone Gla protein
levels remained lower than in normals, while
IGTP levels had a transient increase after six
months. In the two patients with 'preclinical'
Gushing's syndrome (cases 9 and 10) who
underwent surgery, the diagnosis of benign
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Figure 1 Serum bone
Gla protein levels in eight
patients with active Cush-
ing's syndrome (0) and
in two patients with 'pre-
clinical' Cushing's syn-
drome (A); 0, not
cured patient (case no 6)

Figure 2 Serum ICTP
levels in eight patients
with active Cushing's syn-
drome (0) and in two
patients with 'preclinical'
Cushing's syndrome (A);
0, not cured patient (case
no 6)

surgery
25

20

E15

c 10 -

5

0
0 0 1 3 6 12

Months

surgery
25-

20

E 15

10

5

0
0 1 3 6 12

Months

cortical adenoma was confirmed by histology.
A significant rise of bone Gla protein and
ICTP levels was observed, similar to those
observed in patients with active Cushing's
syndrome (figures 1 and 2).
No significant correlations were found be-

tween bone Gla protein or ICTP levels and
cortisol levels six months after surgery.

Discussion

Although the steroid-induced effects on bone
are well described in patients treated with high
amounts of corticosteroids for long
periods,5-6 2 few studies have extensively
evaluated bone turnover in patients with
endogenous Cushing's sydrome, probably
due to its low prevalence. Reduced bone mass
has been described in these patients,4" 5'2' while
the exact mechanisms involved in the appear-
ance of bone disease and the modifications of
bone turnover which occur after cure of the
disease are not entirely clear."3

Preliminary studies in active Cushing's
syndrome have shown the presence of reduced
bone Gla protein levels, which significantly
increased six months after surgery in cured
patients.222' Recently, these results have been
confirmed by Piovesan et al,24 who reported the
inhibitory effects of steroid excess on osteo-
blastic activity and also on soft tissue collagen
synthesis, as documented by the finding of
reduced levels of the aminoterminal propeptide
of type III procollagen (PIIINP).
To our knowledge, few data are available on

the steroid-induced effects on bone resorption
in patients with endogenous Gushing's syn-

drome. During treatment with glucocorticoids,
a significant increase of bone resorption,
associated with a suppression of bone forma-
tion, has been documented.25 However, it
cannot be ruled out that these effects might
be influenced, at least in part, by the primary
disease.

In the present study, a reduction ofbone Gla
protein levels was found in all patients with
Cushing's syndrome, thus confirming that
osteoblastic activity is negatively affected by
excess steroids. This finding is in line with the
observations showing that supraphysiological
concentrations of exogenous glucocorticoids
suppress bone Gla protein levels, an effect
which can occur within a few days of gluco-
corticoid therapy.'3 26 As recently demonstrated
in ewes, a valid model for the study of bone
turnover, serum bone Gla protein levels appear
to be a sensitive index of the inhibitory effect of
corticoids on osteoblasts.27
Serum ICTP levels, which are a reliable

index of bone resorption,'6 were similar to
those reported in control subjects; this finding
might be explained by the fact that the increase
of bone resorption activity usually occurs only
after prolonged exposure to steroids,28 as
already documented in patients treated with
pharmacological doses.29 In endogenous Cush-
ing's syndrome, the existence of normal
resorption activity associated with low bone
formation might contribute to the overall
negative effect of hypercortisolism on bone
turnover.
Our finding oflow levels ofbone Gla protein

in two patients with preclinical Cushing's
syndrome suggests that bone involvement
may occur prior to the onset of other features
of Cushing's syndrome. In these patients,
changes in these markers of bone turnover
need to be carefully monitored, as they reveal
the appearance of other clinical and/or meta-
bolic features induced by the hypercortisolism,
which might require surgical treatment. In this
respect, it is worth noting that the steroid-
induced effects on bone formation and resorp-
tion activities disappear after successful sur-
gery, suggesting that the bone damage may be
partially reversed. These findings agree with
those reported by Pocock et al,30 who found a
significant increase in bone density (up to
20%) of the lumbar spine in patients with
cured Cushing's syndrome, and by Bressot et
al,9 who observed increases in cancellous bone
volume, osteoid surface, mineral appositional
rate and bone formation rate after adrenalect-
omy. A similar rebound increase in bone-
forming activity also occurs following the
discontinuation of chronic glucocorticoid ther-
apy.30

It is of interest that bone Gla protein and
ICTP levels increased to above the normal
range after surgery in cured patients; this
finding might be explained as a temporary
hyperactivation of bone turnover following the
removal of the inhibitory effects of glucocorti-
coids. On the other hand, the absence of an
increase in bone Gla protein levels after
surgery, suggesting the persistence of a ster-
oid-induced negative effect on bone formation,
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Summary points

* in patients with 'active' Cushing's syndrome
the existence of normal resorption activity
associated with low bone formation might
partly explain the overall negative effect of
hypercortisolism on bone turnover

* the effects of excess steroid on bone formation
promptly disappear after successful therapy

* bone involvement may occur prior to the onset
of other features in patients with 'preclinical'
Cushing's syndrome

* the evaluation of bone markers in 'preclinical'
states of Cushing's syndrome might be a useful
criterion for the consideration of a surgical
approach

* serial determination of markers of bone
formation and resorption may be employed to
follow the clinical course of the syndrome

might be used as an additional index of
persistent disease. It is relevant that ICTP
levels, despite a transitory increase six months
after surgery, had decreased by 12 months after
surgery, reverting back to baseline levels.

In conclusion, serial determinations of these
new markers of bone formation and resorption
may be employed to follow up the clinical
course of Cushing's syndrome and give in-
formation on the rate of bone turnover in
response to medical and/or surgical therapies.
Moreover, their evaluation in preclinical states
of Cushing's syndrome might be useful criteria
for the consideration of a surgical approach.
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