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Abstract

Skeletal comorbidities are frequent and clinically relevant findings in Cushing’s syndrome (CS) since an uncoupled sup-
pressed bone formation and enhanced bone resorption leads to a marked skeletal damage with a rapid increase of fracture
risk. Reduced Bone Mineral Density (BMD) has been consistently reported and osteopenia or osteoporosis are typical
findings in patients with CS. Vertebral Fractures (VFs) are frequently reported and may occur even in patients with an
only mild reduction of BMD. Since CS is diagnosed late due to often difficult biochemical and radiological confirmation
as well as to signs and symptoms common in other much more frequent diseases an approach suggested for overcoming
underdiagnosis is to screen patients with manifestations which may overlap with those of CS such as arterial hypertension,
diabetes mellitus and osteoporosis. Our review will focus on the rationale and best practice for screening osteoporotic
patients for CS.
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Introduction

The negative effects of endogenous glucocorticoid excess
(Cushing’s syndrome, CS) are well known [1]. In fact,
Cushing’s disease (CD), caused by a pituitary ACTH ade-
noma and the most frequent form of endogenous hypercor-
tisolism, increases mortality and decreases quality of life
(QoL) leading to severe systemic comorbidities [2], includ-
ing osteopathy, which is the most severe form of second-
ary osteoporosis and may occur early in natural history of
CD [3], as recently reported also for other pituitary secret-
ing adenomas [4]. Moreover, in adrenal forms of CS bone
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damage may even be greater due to the absence of hyperan-
drogenism which may be somewhat protective against the
glucocorticoid-induced osteopathy of CD [5]. Therefore,
accurate diagnosis and management of CS and its com-
plications are required to improve patient outcomes [6].
However, unfortunately, diagnosis of CS is often delayed
for long time, on one side due to lack of knowledge in the
medical community about this insidious and progessive dis-
ease process and on the other side by complexity and not
particularly easy interpretation of baseline and dynamic
hormonal tests [7].

Based on the widespread involvement of bone in CS,
which is often characterized by misdiagnosis, diagnostic
delay and underdiagnosis [7], several authors have proposed
that for solving these clinical issues at least in part bone
clinics could be good candidates for performing an effec-
tive CS screening [8]. In this narrative review we aimed at
evaluating the evidences for the utility of screening for CS
in patients with osteoporosis and fracture and suggest indi-
cations on why, when and how CS could be screened in the
bone clinic.
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Bone in CS: pathophysiological and clinical aspects
Pathophysiological aspects

Chronic glucocorticoid excess heavily impacts on the cel-
lular phase of bone metabolism by suppressing bone for-
mation by directly impairing osteoblast differentiation and
enhancing apoptosis of osteoblasts and osteocytes [9].
Moreover, bone resorption is initially increased due to early
enhancement of osteoclast function, maturation and differ-
entiation [10], which in turn leads to uncoupling of bone
turn-over with reduced formation and increased resorption
[11]. As aresult, a rapid increase of fracture risk is observed
in glucocorticoid excess linked more to impaired microar-
chitectural properties of bone than to a reduced bone den-
sity [12]. Moreover, excess glucocorticoids may negatively
impact skeletal health through many indirect mechanisms.
In fact, they may cause hypogonadism in both males and
females, impairing both gonadal steroids and gonadotrophin
secretion [1] and hyposomatotropism through an increase
in hypothalamic somatostatin secretion [13, 14]. They may
also reduce insulin-like growth factor-1 (IGF-I) secretion
and action [15]. Inasmuch, glucocorticoids may impact also
on the mineralization phase of bone metabolism by inter-
fering with vitamin D metabolism with resulting vitamin
D deficiency [16, 17] and activation of cholecalciferol into
25-OH VD with reduced expression of vitamin D receptor
in several tissues [16, 17]. Furthermore, glucocorticoids
stimulate parathyroid hormone pulsatile secretion phase
possibly leading to secondary hyperparathyroidism [18].
Finally, sarcopenia and obesity are particularly frequent
comorbidities of CS and increasing the risk of falls could
contribute, consequently, to a higher risk of fragility fracture
[19].

Clinical aspects

It is well known that measurement of bone mineral density
(BMD) by Dual-energy X-ray Absorptiometry (DXA) is the
gold standard for diagnosis of primary forms of osteoporo-
sis, accounting for more than two thirds of the whole bone
strength [20].

Independently from the underlying cause (pituitary,
adrenal or ectopic), a decrease in BMD (about 20% vs.
healthy subjects) was consistently reported in CS and osteo-
penia (T-score between — 1.0 and —2.5DS) or osteoporo-
sis (T-score <-2.5DS) are frequently found in CS patients
[21]. Densitometric osteoporosis was reported in 28-50%
of CS patients and it was not associated with age, disease
duration and other associated comorbidities such as diabe-
tes or hypogonadism [21-23] whereas males with CD were
reported to have more frequently lumbar osteoporosis than

@ Springer

females [24]. Thus, hypercortisolism, also in patients with
mild autonomous cortisol secretion (MACS) [25], may be
associated with early bone damage independently from the
coexistence of other possible risk factors [26, 27].

In agreement with the notion that trabecular bone is the
most impacted by glucocorticoids, lumbar spine BMD is
decreased more than forearm and hip BMD [28] as con-
firmed by high-resolution peripheral quantitative computed
tomography (HRpQCT) which also suggested that in CS
reduced cortical thickness and increased cortical porosity
may coexist [29]. Also trabecular bone score (TBS), another
index of bone quality which is derived from lumbar DXA
scans, may be impaired in CS and may predict according
to some studies fragility fractures risk more efficiently than
BMD alone [30]. Finally, bone quality can be also indirectly
assessed by assaying circulating markers of bone turnover,
such as osteocalcin which is a marker of bone formation
and is heavily decreased in states of hypercortisolism also
predicting the fracture risk [29, 31].

The predominant bone quality defect leads to the occur-
rence of fragility fractures in situations of glucocorticoid
excess even in the presence of mild or no reduction in BMD
(normal or osteopenic densitometric state) [32]. Importantly,
fractures could be the presenting or, due to their severity and
number, the predominant manifestation in some CS patients
[32]. Prevalence of osteoporotic fractures is highly variable
in different studies reaching in some the 50% [1] with the
majority of them reporting thoracic and lumbar vertebral
fractures with no gender differences and only up to 15% of
CS patients experiencing hip, wrist and humerus non-trau-
matic fractures [16]. Vertebral fractures are still under- or
mis -diagnosed, as they are often asymptomatic. Therefore,
as in other forms of secondary osteoporosis [33—-35], the
morphometric evaluation became key for a correct assess-
ment of vertebral fractures which through this approach
may be found in up to 78% CS patients [36]. Recently, post-
menopausal women with MACS were reported to bear an
high risk of vertebral fractures [37]. Interestingly, a novel
approach combining DXA and vertebral morphometry has
been recently proposed for diagnosis and follow-up of bone
comorbidity [38] in CS. Association between osteoporo-
sis or vertebral fractures and cortisol levels is still unclear.
Most of the studies suggested that cortisol values may pre-
dict fracture risk based on the observation that multiple and
severe fractures are more frequently found in patients with
ectopic CS with respect to those with CD and likely lower
cortisol levels [38].
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Epidemiology of CS in patients with osteoporosis
and fractures

In a paper from the German registry, among patients referred
to the Endocrine clinic for clinically suspected CS osteopo-
rosis was one of the main complaints (8% vs. 2%; P = .02)
in patients with confirmed vs. non-confirmed diagnosis of
CS [39].

MACS, a condition of impaired hypothalamic-adrenal-
axis homeostasis without the classical signs and symptoms
of glucocorticoid excess, is a recently defined entity, which
has been shown to be associated to increased bone resorp-
tion, bone loss, and high prevalence of vertebral fractures
regardless of gonadal status [40]. In particular, the preva-
lence of MACS in patients with osteoporosis may be under-
estimated, as reported by a cross-sectional study conducted
in a large group of patients with osteoporosis [8]. The
prevalence of MACS in subjects referred for osteoporosis
has been mainly assessed in cross-sectional studies or post
hoc analyses and varies according to different reports from
0.6 to 3.8% being even higher in fractured subjects (1.9 to
17.6%) [41]. Prospective large controlled studies have been
advocated in order to confirm these data, allow evaluation
of the natural history of skeletal comorbidity, establish more
accurately prevalence of hypercortisolism and respective
efficacy of bone-protective vs. tumor-targeted treatments
[42].

Patient selection and tools for screening of CS in
patients with osteoporosis

Patient selection

Based on 2008 Endocrine Society guidelines, adult patients
with unusual symptoms for their age (such as osteoporosis
or hypertension), with multiple and progressive hypercor-
tisolism-linked symptoms should be screened for CS [39,
43].

Screening programs as defined by world health organi-
zation (WHO) should be implemented in an asymptomatic
phase of a disease [44]. Whereas mild hypercortisolism
may fit in this definition it has to be noted that often clinical
manifestation of CS is overlooked by many physicians [2].
Therefore, in such cases bone evaluation can not be prop-
erly defined a screening test. In this regard it is of paramount
importance the accurate collection of patient history in the

Table 1 Role of different methods of bone health assessment in screen-
ing of CS

BMD BTM Morphometry  Bone quality
Asymptomatic 1 1 71 7
Symptomatic 1 1M1 11 1

BMD, bone mineral density; BTM, bone turn-over markers

DXA laboratory which is clearly more likely to be effective
when this is run in such a context by endocrinologists.

Correctly defined screening thus applies to truly asymp-
tomatic mild hypercortisolism [45]. As previously reported
in this context not all WHO guidelines for establishing
screening programs are yet met [42, 44]. Therefore, several
authors attempted to better define the criteria for selection
of patients in whom screening for CS in bone clinics may
be more effective than a wait and see approach such as
young patients, men and pre-menopausal women with low
vertebral bone mass and fractures [46]. Unfortunately, it is
not well established if we should exclude CS in the general
population affected by fragility fractures [44]. Nevertheless,
some patients with occult endogenous CS with osteoporosis
and fractures as the sole manifestations of the disease have
been reported [23]. Thus, it has been suggested that hyper-
cortisolism should be ruled out in patients in whom the eti-
ology of osteoporosis is not readily apparent.

Tools for bone health evaluation

Based on what we know on the effects of hypercortisolism
on measures of bone health status the choice of the tool(s)
to be used for the screening of CS in the bone clinic needs
to be carefully discussed.

In fact, in patients with CS the evaluation of fracture risk,
using FRAX tool, is not validated and the investigation of
bone complications through DXA may not have satisfac-
tory accuracy [47]. The evaluation of bone quality with
trabecular bone score a DXA derived parameter may be of
help since glucocorticoids are known to prevalently affect
bone quality vs. bone quantity [29]. Other more sophisti-
cated measures of bone quality such as HRpQCT are not
yet widely available and can not be suggested for screening
purposes also for their cost [29]. The morphometric verte-
bral assessment appears to be currently the most effective
screening approach for CS since trabecular bone is the most
affected by hypercortisolism, clinical vertebral fractures
are largely underestimated and it can be integrated in DXA
measurements but can also be opportunistically applied to
chest X-rays [48]. Finally, biochemical assessment of bone
markers such as osteocalcin which is suppressed in hyper-
cortisolism may be a useful complement to bone evalua-
tion further refining the patient selection of patients to be
screened for CS in the bone clinic [29, 31]. (Table 1).

How to biochemically screen CS in osteoporotic/
fractured patients

One of the main general limitations of screening for

MACS consists in the uncertainty about the method(s) to
use for validating its diagnosis since in absence of specific
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clinical features results of dynamic tests may overlap
between patients with or without hypercortisolism [49] and
a gold standard is not yet available [42].

A specific limitation for CS screening in bone centers
is that no clear data are available on how the biochemical
screening for CS should be performed in patients with bone
derangement. In fact, in the literature, there are not specific
indications about what should be the preferred test for the
diagnosis of CS in this group of patients [42].

As indicated in international guidelines, the laboratory
tests most commonly used for CS diagnosis are 24-hour
urine-free cortisol (UFC), serum cortisol after low-dose
(1 mg) dexamethasone suppression test (DST) and late-
night salivary cortisol (LNSC) [2, 43]. In this setting, sensi-
tivity of all tests is higher than 90%; the highest sensitivity
rates are obtained with DST and LNSC and the lowest with
UFC. Specificity is somewhat lower than sensitivity, with
LNSC being the most specific and DST and UFC the least
specific [2, 43, 50].

In the last international guidelines [2], there is no single
preferred diagnostic test for CS, and there is not consensus
on how to decide whether and when to test, despite attempts
to develop a score for ease of diagnosis. Clinical judgment
and index of suspicion for CS are important and under-
score the need to individualize decisions about timing and
selection for diagnostic testing on the basis of the clinical
scenario [51]. In fact, both accurate history collection and
detailed physical exam in order to detect the physical stig-
mata of CS among patients referred to bone clinic should
have a key role and it may be considered to specifically train
ad hoc bone experts at least in some more specialized cen-
ters [52]. If CS is suspected, any of the above-mentioned
diagnostic tests could be useful.

LNSC has recently gained popularity due to its high
diagnostic sensitivity and specificity, noninvasive sample
collection, and cost effectiveness [2, 53, 54]; it should be
preferred in patients with renal impairment (creatinine
clearance < 60 mL/min) or clinically significant polyuria
(>5 L/24 h), because urine volume and glomerular filtration
rate strongly predict UFC; by contrast, LNSC should not
be done in patients with disruption of the normal day and
night cycle, such as night-shift workers. Patients with mild
CS may have LNSC just above the upper limit of normal
(ULN) [54, 55] but LNSC may perform better than UFC in
diagnosing mild forms of CS [2, 56].

Table 2 Role of different methods of biochemical assessment in
screening of CS

UFC LNSC DST
Asymptomatic " 1 "1
Symptomatic m " iN)

DST, Dexamethasone suppression test; LNSC, Late night salivary
cortisol; UFC, Urinary free cortisol
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Regarding UFC, at least two or three 24-h urine collec-
tions are advised to account for intra-patient variability. The
advantage of UFC over DST is that overall cortisol pro-
duction is independent of corticosteroid binding globulin
(CBG) changes and dexamethasone metabolism or compli-
ance. Sex, body-mass index (BMI), age, very high or low
urinary volume, impaired renal function and sodium intake
can all influence UFC concentrations and should be taken
into account for interpretation [2].

The third strategy of case finding for CS is represented
by DST, [56]. The pitfalls of this method are the possibility
of false positive results in patients with rapid absorption or
malabsorption of dexamethasone due to increased gut transit
time (as in celiac disease or chronic diarrhea); in concomi-
tant treatment with CYP3A4 inducers (such as phenobar-
bital, carbamazepine and St John’s wort); and in increased
CBG concentrations caused by oral estrogens, pregnancy,
or chronic active hepatitis, which can increase total corti-
sol concentrations [2]. The measurement of dexamethasone
with cortisol may reduce the risk for false-positive results
[57]. As well, either LNSC or UFC may be used to enhance
the diagnostic accuracy of an unsuppressed DST by reduc-
ing false-positive test results [58, 59], False-negative results
are less common, typically resulting from inhibition of
dexamethasone metabolism by concomitant medications
(cimetidine, fluoxetine or diltiazem), leading to a higher
biologically available dose. Decreased CBG and albumin
concentrations, for example in patients with nephrotic syn-
drome, also might produce falsely low values [60].

In patients with bone derangement there is no single pre-
ferred screening test for CS. Clearly, for a screening method
in principle a test with the highest sensitivity vs. specificity
should be chosen. In this regard, also considering its con-
venience, assessment of LNSC appears to be the best can-
didate method although DST was the most frequently used
so far in literature [60] particularly in the suspicion of adre-
nal CS, also because LNSC measurement is still not widely
available (Table 2).

CS screening in osteoporotic/fractured patients:
why, when and how

Why

Skeletal comorbidities are frequent and clinically relevant
findings in CS. Infact, vertebral fractures, the landmark of
the bone involvement, may occur early in the history of the
disease [61]. Unfortunatley, CS is still largely underdiag-
nosed and misdiagnosed with resulting long diagnostic
delay which in turn has relevant implications in prognosis,
treatment and quality of life of the patients [62, 63]. Screen-
ing for CS in bone centers is part of an effort of improving
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and anticipating the diagnosis of the disease which also
involves cardiologists, diabetologists and psychiatrists [64—
66] in the vein of what has already been suggested for other
pituitary conditions such as acromegaly characterized by
relevant diagnostic delay [67].

When

Clinically manifest but misdiagnosed CS Clinical diagnosis
of CS is made difficult by the presence of signs and symp-
toms that are common in the general population such as obe-
sity, diabetes, osteoporosis and depression [2]. Moreover,
not all these manifestations may have the same severity in
each single Cushing patient [68]. Therefore, particularly
early diagnosis is uncommon outside the Pituitary Tumors
Centers of Excellence (PTCOEs) or specialized centers
among general physicians [69].

“Non classical” screening in this context is represented
by a diagnosis of CS made in the bone centers in patients
with already clear cut coexisting manifestations of CS. In
this context the presence of a bone expert in PTCOEs is
recommended [70]. Moreover, the accuracy of the patient
history collection with particular attention to resistant
hypertension, (recent) increase in body weight and glucose
intolerance or diagnosis of depression [71] should be pro-
actively looked at in the bone clinic and items concerning
these issues should be included in the clinical question-
naires filled by the patients in the DXA laboratory. It occurs
at a more advanced stage of disease but at least represents
the entry door of the Cushing patient in the endocrine care
system.

Asymptomatic mild hypercortisolism In this setting bone
evaluation is a “ classical” screening test which suffers from
all the cost/effectiveness implications of all other screenings
[44]. It represents an attractive chance to diagnose CS in
its early stages but it is limited by uncertainties in patient
selection and more appropriate bone tools for realizing a
cost/effective screening [36]. In line with what proposed
in literature it can be suggested to proactively search for
hypercortisolism in 1. patients with densitometric diagnosis
of osteoporosis in whom (a) BMD is reduced as compared
to age- matched controls (Z score value < -2 SD), (b) BMD
declines more rapidly than expected, (c) suboptimal den-
sitometric response to bone protective therapy is observed
and 2. Patients undergoing fragility fractures with uncom-
mon features such as (a) young (<50 years old) men and
pre-menopausal females; (b) eugonadal subjects; (c) DXA
BMD values inappropriately in normal range for age or only

slightly reduced (in fact glucocorticoids impair largely more
bone quality than quantity) [11].

How
Biochemical tests

No guidelines exist towards the best biochemical approach
to the screening of CS in bone clinics. Although LNSC mea-
surement could be preferred for its high sensitivity as first
diagnostic approach in patients with otherwise asymptom-
atic hypercortisolism, performing DST appears to be more
reasonable also due to the still limited routine availability
for salivary cortisol assays. Additional tests could be per-
formed to confirm/refine CS diagnosis in case of inadequate
suppression of cortisol after dexamethasone.

Patients with densitomtric osteoporosis or vertebral clin-
ical or morphometric fractures at high risk of having CS
due to concomitant classical manifestations of the disease
should undergo to all first level tests for confirming/exclud-
ing hypercortisolism.

Bone tests

So far, the bone health approach opportunistically used
for screening CS included bone densitometry with DXA
and specifically those patients resulting in the osteoporotic
range after the DXA test [8] or the evaluation of patients
undergoing clinical fragility fractures [35]. However, excess
glucocorticoids highly increase the risk of fragility fractures
[72] often with normal or osteopenic results at DXA [73]
and clinical diagnosis largely underestimate vertebral frac-
tures which are the landmark of bone involvement in CS
[74]. Therefore, it is highly likely that currently used bone
screening methods only in part may have the potential to
bring to clinical attention all patients candidates to biochem-
ical assessment for CS. We suggest that widespread use of
additional DXA tools such as morphometry and TBS quality
assessment should be able to optimize the role of bone clinic
in CS screening eventually increasing the already quite high
numbers reported further corroborating the idea that bone
tests may be a cost/effective method to screen for CS and
allow an early tumor- and/or bone- targeted treatment [75—
77] the efficacy of which has been suggested [78—81] but
not yet proven [42].
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Conclusion

A rationale does exist for screening for CS patients attend-
ing bone centers. In fact, an effective screening would likely
be able to reduce the diagnostic delay which is one of the
unmet needs in management of endogenous hypercorti-
solism [7]. However, besides single center limited studies
no such an extensive screening was already perfomed in
large multicenter series either in pituitary- or adrenal-driven
CS [25]. Due to the lack of such studies, it is likely that
selective screenings in specifically pre-determined high risk
patients would be more cost/effective and feasible in the
screening of CS in bone centers. However, also in this latter
case multicenter large-scale studies are still needed.
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