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Abstract
Summary In a cohort study of 182 consecutive patients with
active endogenous Cushing’s syndrome, the only predictor of
fracture occurrence after adjustment for age, gender bonemin-
eral density (BMD) and trabecular bone score (TBS) was 24-h
urinary free cortisol (24hUFC) levels with a threshold of
1472 nmol/24 h (odds ratio, 3.00 (95 % confidence interval
(CI), 1.52–5.92); p=0.002).
Introduction The aim was to estimate the risk factors for frac-
ture in subjects with endogenous Cushing’s syndrome (CS)
and to evaluate the value of the TBS in these patients.
Methods All enrolled patients with CS (n=182) were
interviewed in relation to low-traumatic fractures and
underwent lateral X-ray imaging from T4 to L5. BMD mea-
surements were performed using a DXA Prodigy device
(GEHC Lunar, Madison, Wisconsin, USA). The TBS was
derived retrospectively from existing BMD scans, blinded to
clinical outcome, using TBS iNsight software v2.1
(Medimaps, Merignac, France). Urinary free cortisol
(24hUFC) was measured by immunochemiluminescence as-
say (reference range, 60–413 nmol/24 h).
Results Among enrolled patients with CS (149 females; 33
males; mean age, 37.8 years (95 % confidence interval,

34.2–39.1); 24hUFC, 2370 nmol/24 h (2087–2632), fractures
were confirmed in 81 (44.5 %) patients, with 70 suffering
from vertebral fractures, which were multiple in 53 cases; 24
patients reported non-vertebral fractures. Themean spine TBS
was 1.207 (1.187–1.228), and TBS Z-score was −1.86 (−2.07
to −1.65); area under the curve (AUC) was used to predict
fracture (mean spine TBS)=0.548 (95 % CI, 0.454–0.641)).
In the final regression model, the only predictor of fracture
occurrence was 24hUFC levels (p=0.001), with an increase
of 1.041 (95 % CI, 1.019–1.063), calculated for every
100 nmol/24-h cortisol elevation (AUC (24hUFC)=0.705
(95 % CI, 0.629–0.782)).
Conclusions Young patients with CS have a low TBS. How-
ever, the only predictor of low traumatic fracture is the sever-
ity of the disease itself, indicated by high 24hUFC levels.
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Introduction

Fragility, or low traumatic fractures, which are fractures asso-
ciated with either minimal or no discernible trauma, is a com-
mon complication of endogenous Cushing’s syndrome (CS)
[1]. In fact, the first description of glucocorticoid-induced os-
teoporosis (GIO) was provided by Harvey Cushing in 1932,
along with the clinical presentation of patients with endoge-
nous hypercortisolism caused by an adrenocorticotropin
(ACTH)-producing pituitary adenoma [2]. Currently, CS re-
mains a relatively rare endocrine disorder characterized by
specific clinical features associated with prolonged exposure
to inappropriately high levels of cortisol produced by the ad-
renal glands due to a pituitary corticotroph tumor, ectopic
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ACTH production from tumor outside the pituitary, or
autonomous adrenal overproduction [1]. Owing to the rar-
ity of endogenous CS (2–10 cases per million per year),
data related to the prevalence of low traumatic fractures,
specific risk factors, intervention thresholds, and osteopo-
rosis management in these patients vary considerably and
are generally limited [3]. In contrast to exogenous
hypercortisolism in which the rate of glucocorticoid (GC)
prescription rises with age and is greatest in senior popu-
lations [4], patients with endogenous CS are usually
young [1]. These patients can be treated, with up to
80 % achieving full recovery [5]. Fragility fractures sig-
nificantly decrease quality of life and functional perfor-
mance in patients with active CS, as compared with pa-
tients with CS without fractures, but with other health
complications [6]. Furthermore, some bone deformities,
functional decline, and decreased quality of life remain
for at least 1 year after recovery in patients with CS
who sustained fragility fractures during active disease [7].

As described in numerous clinical case reports in-
volving multiple severe fractures in CS patients, bone
mineral density (BMD) decline is unexpectedly mild
[8, 9]. The deleterious effects of GC on bone remodel-
ing are mainly realized through a marked decrease in
bone formation with a slight increased or unchanged
bone resorption markers [10–12], which might explain
the relatively subtle decreases observed in BMD. Con-
sequently, non-invasive methods to assess bone
microarchitecture and bone quality, rather than just
BMD and bone mineral content, are clearly desirable
in these patients. The trabecular bone score (TBS) is a
relatively novel method that can be applied to dual-
energy X-ray absorptiometry (DXA) images to perform
gray-level textural analysis to estimate trabecular
microarchitecture [13]. Using experimental variograms
of two-dimensional (2D) projection images, TBS differ-
entiates between three-dimensional (3D) bone structures
that exhibit the same areal bone mineral density
(aBMD) but with a different trabecular microarchitecture
[14]. In clinical studies, TBS enhances the ability of
DXA to predict fracture risk in postmenopausal women,
is capable of predicting osteoporotic fractures indepen-
dent of areal BMD, and, in some cases, helps to define
a subset of non-osteoporotic women at high risk of
fracture [15–19]. Recently, TBS was shown to be useful
in the clinical assessment of trabecular microstructure in
patients with diabetes [20], primary hyperparathyroidism
[21, 22], and adrenal incidentalomas [23]. We hypothe-
sized that TBS may be predictive for fractures as a
marker of bone microarchitecture in patients with active
endogenous CS.

The purposes of this study were to identify risk factors for
fracture in patients with endogenous Cushing’s syndrome and

to evaluate the value of bone microarchitecture as assessed by
TBS in this cohort of patients.

Subjects and methods

The Institutional ReviewBoard of the National Research Cen-
ter for Endocrinology (NRCE) approved the study protocol.

In this retrospective cohort study, 182 consecutive patients
with clinically evident and biochemically proven endogenous
CS, who provided formal informed consent, were enrolled.

All patients were questioned and evaluated at the time of
hospital admission, when the diagnosis of Cushing’s syn-
drome was biochemically established. The mean estimated
time from the first symptoms to the final diagnosis of CS
was 2–3 years.

Subjects has had CS confirmed by at least two of the fol-
lowing tests: 24-h urinary free cortisol (24hUFC; reference
range, 60–413 nmol/24 h), late-night serum cortisol at 23:00
(reference range, 46–270 nmol/l), low-dose dexamethasone
suppression test (DST; suppression threshold for serum corti-
sol level, 50 nmol/l) [1], and (in some patients only) late-night
salivary cortisol (reference range, 0.5–9.4 nmol/l) [24]. Serum
a n d s a l i v a s a m p l e s w e r e a s s a y e d b y
electrochemiluminescence assay (ECLIA) Cobas e601Roche.
24hUFC was measured by immunochemiluminescence assay
(extracted with diethyl ether) on a Vitros ECi analyzer.

Exclusion criteria: any other cause of secondary osteopo-
rosis at present or in a 2-year medical history [25] or any
prolonged treatment with medicines documented to influence
bone metabolism in humans [25, 26] during the previous
12months, including treatment with antiresorptive or anabolic
compounds for osteoporosis, or prolonged exogenous gluco-
corticoids, systematic alcohol abuse, pregnancy, and terminal
conditions. In a subgroup of patients, who had provided serum
samples for bone metabolismmarkers, any previous treatment
to resolve hypercortisolism was excluded.

Height was measured by a stadiometer, and body mass
index (BMI) was calculated as kilograms per square meter.

All patients had anteroposterior and lateral radiographs of
vertebrae T4-L5 via a standardized protocol [27]. All available
vertebrae were assessed by an experienced radiologist through
the visual inspection of lateral spinal images, without direct
vertebral measurement, as being either normal or deformed if
visual inspection perceived at least a 20 % reduction in verte-
bral height (anterior, posterior, or middle) per the semi-
quantitative method [27]. In all patients with a single vertebral
deformity, or in event of hesitation, a consensus was reached
between two radiologists. Axiom Icons R200 BSiemens^ was
used to perform the X-ray. Rib fractures were detected through
routine chest X-rays, which are performed on all hospitalized
patients at the NRCE.
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Subjects were questioned about any other fractures they
might have sustained associated with either no or minimal
trauma, including falling from a standing height at the same
level, which happened during an active stage of their CS. Only
low traumatic fractures were registered. All non-vertebral
fractures were cured at the time of admission and had hap-
pened 1–2 years before hospitalization. There was no precise
data for the time of the vertebral fracture’s occurrence. Patients
who had a fracture due to Cushing’s syndromewere compared
with those patients who had not sustained a fracture while
suffering from the same disorder.

DXA and any other medical tests provided were done dur-
ing hospitalization.

Bone mineral density measurements (BMD) were per-
formed at L1–L4, the femoral neck, and total hip using
a DXA Prodigy device (GEHC Lunar, Madison Wiscon-
sin, USA). Quality control procedures were carried out,
in accordance with the manufacturers’ recommendations.
Since the vast majority of patients were of premeno-
pausal age or younger than 50, in this paper, we pre-
sented the value of BMD loss as a Z-score using the
criteria in the International Society for Clinical
Densitometry’s official position statement: Z-score
values of −2.0 standard deviations (SD) or lower are
stated Bbelow the expected range for age^ and those
above −2.0 SD Bwithin the expected range for age^
[28].

Blinded to clinical outcomes, TBS was derived retro-
spectively from existing BMD scans using TBS iNsight
software v2.1 (Medimaps, Merignac, France). In all pa-
tients, TBS was assessed in the region of the lumbar
spine BMD. The mean value of the vertebrae from L1
to L4 was calculated in an attempt to exclude any frac-
tured and/or arthrosed vertebrae according to ISCD
guidelines. In order to normalize TBS value for age,
data was reported as a Z-score calculated based on the
BManufacturer European reference curve.^ In addition to
this, TBS values were classified as follows: TBS ≤1.2
were considered as degraded microarchitecture, between
1.20 and 1.35—partially degraded microarchitecture, and
≥1.35 normal [18, 19]. This classification was initially
suggested for postmenopausal women. However, for re-
search purposes, we considered it appropriate to apply
this classification to our relatively young individuals as
the prevalence of fractures in our cohort was even
greater than expected in postmenopausal women.

Fasting serum samples were taken for osteocalcin (OC),
carboxyterminal cross-linked telopeptide of type I collagen
(CTx), and vitamin D (25OHD3) in a random subgroup of
patients (n=139). Both bone remodeling marker levels were
assayed by electrochemiluminescence assay (ECLIA; Cobas
e601 Roche) . 25OHD3 levels were measured by
immunochemiluminescence assay (Liaison).

Statistical analysis

Descriptive statistics are expressed as means, SD of the mean,
and 95 % confidence intervals (CI) for the mean for all pa-
rameters with the exception of bone remodeling markers,
whereby the values of which are presented as medians and
interquartile ranges. Qualitative parameters are presented as
percentages with exact binomial 95 % confidence intervals.
The ANOVA test was utilized to compare continuous vari-
ables from two independent samples, while Fisher’s exact test
was used for categorical variables. A Spearman’s rank corre-
lation coefficient was calculated to assess the correlation be-
tween continuous variables. A binary logistic regression mod-
el was created with the presence/absence of fracture as the
dependent variable, and patient age, gender, BMI, BMD,
TBS, 24hUFC, and osteocalcin levels were entered as
independent.

The threshold for 24hUFC level was calculated using
receiver-operator curve (ROC) analysis. The choice of thresh-
old was based on the highest test available, sum of sensitivity
and specificity. Odds ratio (OR) for the identified threshold
with 95% confidence interval was calculated to quantitatively
assess any factor influence according to the procedure de-
scribed by Glas et al. [29].

All tests were two sided, with a p value of less than 0.05
considered statistically significant. SPSS 16.0 Inc software
was used for all analyses.

Results

The general characteristics of the 182 enrolled patients with
CS are summarized in Table 1. It was a typical cohort of
patients in relation to comorbidities of CS, the most prevalent
of which with the exception of osteoporosis was as follows:
77 % (arterial hypertension), 22 % (diabetes), 29 % had men-
tal disorders mostly depression, and 11 % (infection). Practi-
cally, all females had some menstrual abnormalities (65.8 %
amenorrhea, 31.5 % menstrual irregularity, and 2.7 % normal
menses).

Fractures were identified in 81 (44.5%) out of 182 patients,
including vertebral fractures in 70 (in 17 patients, a single
vertebra, and in 53, multiple vertebrae) and non-vertebral frac-
tures in 24 subjects. All types of identified and reported frac-
tures are listed in Fig. 1.

Eleven patients had non-vertebral fractures only. All others
had vertebral fractures or both vertebral and non-vertebral.
Rib fractures only were detected in four patients, a tibia was
broken in one patient, while a fractured wrist was reported by
three patients, fractured sternum and tibia by two patients, and
both rib and metatarsal fractures by a single patient. Multiple
vertebral and non-vertebral fractures together were registered
in 13 cases: a single vertebral fracture coexisted with a
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metatarsal fracture in two patients and with a rib fracture in
one case. Multiple vertebral fractures were present in eight
patients with rib fractures. Similarly, multiple vertebral frac-
tures coexisted with a hip fracture in one patient and a jaw
fracture in another. In one patient, we verified two vertebral
compressions as well as rib and tibia fractures.

To identify significant risk factors for fragility fractures in
patients with CS, we compared the clinical presentation of
patients with and without fractures. These results are summa-
rized in Table 2.

Male patients suffered from fractures significantly
more frequently (22 of 33, 66.7 %) than females (58
of 149, 40.5 %; p=0.004), although practically all fe-
males had some menstrual abnormalities. This gender
difference might be explained by higher 24hUFC
levels—3849 nmol/24 h (3046–4652) in males vs. fe-
male patients—2052 nmol/24 h (1788–2316; p<0.001).

Similarly, patients with ACTH-ectopic syndrome had
statistically higher 24hUFC levels—3243 nmol/24 h
(2421–4064) and fracture rate—77 % as compared with
Cushing’s disease patients with 24hUFC—2225 nmol/
24 h (1919–2530) and fracture rate—39.7 % (p=0.023
and p<0.001, respectively). The diagnostic performance
of DXA parameter measurements was as follows: AUC:
mean spine TBS, 0.548 (0.454–0.641); mean spine
BMD, 0.637 (0.545–0.729); and neck BMD, 0.609
(0.517–0.700).

The combined effect of several variables presumably
related to fracture risk in patients with CS (age, gender,
mean spine TBS, L1–L4 BMD, femoral neck BMD, total
hip BMD, and 24hUFC) was investigated using binary
logistic regression. The analysis was performed separately
for highly correlated variables like BMD in different parts
of the skeleton, the Z-score, and BMI to avoid
multicollinearity. In the final regression model, the only
predictor of fracture occurrence was 24hUFC levels (p=
0.001), with an increase of 1.041 (95 % CI, 1.019–1.063)
or 4.1 %, calculated for every 100 nmol free cortisol per
24-h increase. AUC for 24hUFC to identify patients with
fractures was 0.705 (95 % CI, 0.629–0.782). A 24hUFC
threshold of 1472 nmol/24 h was identified by ROC anal-
ysis with a sensitivity of 75.6 % (95 % CI, 65.1–83.8) and
specificity of 54.0 % (95 % CI, 44.3–63.4). Adjusting for
gender and BMD, the odds of fracture in patients with a
24hUFC more than 1472 nmol/24 h was 3.00 (95 % CI,
1.52–5.92; p=0.002) greater vs. CS patients with a lower
24hUFC. The separate analysis of patients with non-
vertebral fractures only (n=11) did not give any addition-
al information.

Despite the severe clinical presentation of GIO, as in so
many cases with multiple vertebral and non-vertebral frac-
tures, the mean of BMD Z-score was above -2.0 in all three
measured regions of the skeleton, not Bbelow the expected
range for age.^ Age-adjusted Z-score calculated for TBS

Table 1 Baseline characteristics of patients with Cushing’s syndrome

Parameters N (%) or mean
(standard deviation)

95 % confidence
interval for mean

Number of patients 182

Sex (f (%)/m (%)) 149 (81.9):33(18.1)

Cause of endogenous CS Cushing’s disease (%)/benign
adrenal adenoma (%)/ACTH-ectopic Cushing’s syndrome (%)

152 (83.5):9 (5.0):21 (11.5)

Age (years) 37.8 (12.7) 34.2–39.1

Height (cm) 162.6 (7.8) 161.5–163.8

Weight (kg) 80.0 (17.0) 77.2–82.2

Body mass index (kg/m2) 29.6 (5.8) 28.7–30.4

24 h urinary free cortisol (nmol/24 h) 2370 (1866) 2087–2632

Late-evening serum cortisol (nmol/l) 685 (332) 635–734

Fractures of vertebral bodies were the most frequent and multiple in the vast majority of patients. Here, all types of
non-vertebral fractures are reported. Although non-vertebral fractures were only registered in 23 patients, the same
patients could have several non-vertebral and both vertebral and non-vertebral fractures. Consequently, the number
of fractures exceeds the number of patients

Fig. 1 The prevalence and type of fragility fractures in patients with
endogenous Cushing’s syndrome
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was lower as compared with BMD Z-score, but similarly to
BMD, it was not predictive of fractures. The BMD and TBS
results for the whole cohort of patients are summarized in
Table 3. Nevertheless, in these young patients, absolute values
of TBS demonstrated a mainly degraded (49.5 %) or partially
degraded (34%)microarchitecture range using a classification
previously defined for postmenopausal women [18, 19].
Meanwhile, the percentage of patients with BMD Bbelow
the expected range for age^ was low, especially for the femo-
ral neck and total hip (Fig. 2), it was even less if using a T-
score (data is not presented).

In a subgroup of patients (n=139; 65 with and 74 without
fracture), markers of bone turnover were measured.
Osteocalcin was lower in patients with factures (6.2 ng/ml,
3.3–8.0) vs. those without (8.3 ng/ml, 4.8–12.1; p=0.005),
whereas cross-linked telopeptide of type I collagen (CTx)
levels did not differ (0.42 ng/ml, 0.23–0.53 vs. 0.36 ng/ml,

0.24–0.54; p=0.45). A moderate inverse correlation was iden-
tified between 24hUFC and osteocalcin (ρo=−0.5; p<0.001),
with a weak correlation noted between 24hUFC and CTx
(ρo=0.33, p<0.05). Note that osteocalcin dropped out of the
final binary logistic model (p=0.94), and therefore, it was
entirely dependent on urinary free cortisol levels. In the same
cohort of patients, vitamin D was measured, which was low
(12.4 ng/ml (8–20.0)) but did not differ between subjects with
or without fractures (p=0.754).

Discussion

This study identifies the only predictor of fragility fractures in
a sizeable number of young patients (n=182; mean age,
37 years) with active endogenous Cushing’s syndrome and
assesses the value of the TBS in this cohort of patients. A

Table 2 Clinical and biochemical parameters of patients with Cushing’s syndrome with and without fragility fractures

Patients with a fracture Patients without a fracture P value

N/mean (SD) 95 % CI N/mean (SD) 95 % CI

Number 81 101

Sex (male (%)/female (%)) 22 (66.7 %) 59 (39.5 %) 11 (33.3 %) 90 (60.5 %) 0.006

Age (years) 39.3 (12.9) 36.4–42.2 36.6 (12.4) 34.2–39.1 0.158

Body mass index (kg/m2) 28.6 (5.6) 27.3–29.8 30.4 (5.8) 29.2–31.5 0.038

Mean spine TBS 1.200 (0.144) 1.168–1.232 1.212 (0.136) 1.185–1.239 0.540

Mean spine TBS Z-score −1.87 (1.39) −2.17 to −1.56 −1.85 (1.45) −2.14 to −1.57 0.940

Mean spine BMD (g/cm2) 0.983 (0.164) 0.947–1.020 1.040 (0.123) 1.015–1.064 0.009

Mean spine BMD Z-score −1.74 (1.42) −2.06 to −1.43 −1.49 (1.12) −1.71 to −1.27 0.171

Femoral neck BMD (g/cm2) 0.859 (0.134) 0.829–0.889 0.916 (0.111) 0.894–0.938 0.002

Femoral neck Z-score −1.13 (1.03) −1.36 to −0.89 −0.86 (0.83) −1.03 to −0.69 0.061

Total hip BMD (g/cm2) 0.907 (0.156) 0.872–0.942 0.974 (0.111) 0.952–0.996 0.001

Total hip Z-score −0.85 (1.24) −1.14 to 0.57 −0.35 (0.94) −0.54 to −0.16 0.003

24hUFC nmol/24 h 3120 (2130) 2649–3592 1749 (1356) 1482–2016 <0.001

Late-night serum cortisol (nmol/l) 814 (319) 743–886 578 (305) 516–640 <0.001

TBS trabecular bone score, BMD bone mineral density, 24hUFC 24-h urinary free cortisol

Table 3 Trabecular bone score
(TBS) and bone mineral density
(BMD) in patients with CS (n=
182)

Parameters Mean (standard deviation) 95 % CI for mean

Mean spine TBS 1.207 (0.140) 1.187–1.228

Mean spine TBS Z-score −1.86 (1.43) −2.07 to −1.65
Mean spine BMD 1.015 (0.145) 0.994–1.036

Mean spine BMD Z-score −1.60 (1.26) −1.79 to −1.42
Femoral neck BMD 0.890 (0.124) 0.872–0.909

Femoral neck Z-score −0.98 (0.94) −1.12 to −0.84
Total hip BMD 0.943 (0.137) 0.924–0.964

Total hip Z-score −0.58 (1.12) −0.75 to −0.41
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TBS Z-score (mean value, −1.86 (1.43)) presented in patients
with endogenous cortisol excess seems lower as compared
with spine BMD Z-score (−1.6 (1.26)) and hip BMD Z-score
(−0.58 (1.12)). The absolute value ofmean spine TBS at 1.207
(1.187–1.228) was also lower than expected in a healthy con-
trol (>1.350) reported elsewhere [18, 19]. Recently, Eller-
Vanicher et.al. reported the TBS value in 34 patients with
subclinical CS among 102 patients with adrenal
incidentalomas in an older population (mean age, 67 years).
The value of TBS was lower than even in subclinical CS as
compared with patients without biochemical disturbances in
cortisol levels [23]. Forty of these patients, including eight
with subclinical hypercortisolism, were followed longitudi-
nally for 24 months, and TBS was predictive for vertebral
fracture incidence even after the exclusion of patients with
subclinical CS, reflecting the predictive value of TBS in an
elderly population with adrenal incidentalomas. Severe dete-
rioration in TBS value at the diagnosis of a 34-year-old man
with Cushing’s disease improved to normal value faster than
BMD in a recently published single case report [30]. These
findings support the theory that the predominant deleterious
effect of GC on bone is upon its microstructure rather than
quantity of bone (bone mass, bone mineral density).

However, neither BMD nor TBS was predictive of frac-
tures in our young cohort of patients with active endogenous
hypercorticism. The level of free cortisol overproduction mea-
sured in 24-h urine sample was the only predictor of low
traumatic fracture occurrence among tested clinical risk

factors in patients with active Cushing’s syndrome. This result
differs from a few previous retrospective studies of patients
with endogenous CS, which suggested a history of previous
fractures [31], patient age, and estimated disease duration
[32], as well as BMD at the lumbar spine [33] and forearm
[34] predictive of fractures in case-control settings. Multivar-
iable analysis was used only in the most populous of these
studies by Tauchmanova et al. [33], estimating the best pre-
dictors of vertebral fracture among 80 patients with CS. Ac-
cording to this study, the best predictor of vertebral fractures
was the lumbar spine BMD, irrespective of the etiology of
hypercorticism or the gonadal status of the women [33]. How-
ever, this study focused on vertebral fractures only. In our
multivariate evaluation in which patient’s gender, age, BMI,
BMD, and TBS were entered as independent variables, the
main predictor of fracture was the 24hUFC level (p<0.001).
Being male was clearly a risk factor; however, 24hUFC influ-
enced fracture occurrence independently of gender. Moreover,
in this cohort of patients, males had significantly higher
24hUFC levels than females, it being likely the adrenal
glands’ ability to produce cortisol in response to high ACTH
levels is greater in males than females. This explains the more
severe clinical presentation of endogenous CS in men, includ-
ing the development of GIO and fragility fractures. BMD was
slightly lower in patients with fractures than in those without
them, similarly to the previous study [33, 34], but it could not
explain the extremely high fracture rate and was not predictive
of fracture occurrence after applying multivariate analysis. It

In total, 152 (88.5%) patients had degraded (TBS≤ 1.2) or partially-degraded (TBS > 1.2 and <1.35) lumbar spine

microarchitecture, 80 (44%) of patients had the mean TBS-score equal or below -2 z-score whereas only 74 (40.9%)

patients had a lumbar spine BMD z-score below the expected range for age (z-score ≤ -2) and this percentage of

abnormal scores was even lower for the femoral neck (12%) and total hip (8.1%).

Fig. 2 Prevalence of subjects with bone microarchitecture identified as degraded, partially-degraded or normal by lumbar trabecular bone score (TBS)
assessment and bone mineral density (BMD) loss Bbelow the expected range for age^ or normal BMD value for the expected range for age
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is interesting to note that in patients with exogenous
hypercortisolism, the dose of GC may be not only the best
but also the only significant predictor of fragility fracture [35,
36]. In a very large cohort of 42,500men andwomen followed
for 176,000 patient-years, previous corticosteroid use was as-
sociated with a significantly increased risk of any fracture, of
osteoporotic fracture, and of hip fracture when adjusted for
BMD. No significant difference in risk was evident between
men and women, and the risk was independent of age and
prior fracture. The risk was marginally and non-significantly
upwardly adjusted when BMD was excluded from the model.
The effect of GC on fracture risk was dose dependent: at a
>7.5-mg daily dose of prednisolone or its equivalent, the rel-
ative risk of vertebral fracture was 5.2, whereas for a dose
between 5 and 7.5 mg daily, the relative risk was half that, at
2.6 [36]. Exogenous CS differs from endogenous CS due to
the various causative disorders, independently influencing the
bone remodeling, types of synthetic glucocorticoids, dose and
patients’ adherence to treatment, etc. Nevertheless, similarly,
in the present study of endogenous CS, the odds of fracture
were three times greater in patients with 24hUFC higher than
1500 nmol/24 h vs. the odds in patients with lower levels of
24hUFC.

The prevalence of low traumatic fractures, 44.5 % reported
in our study, differs from that previously established, which
varies from 21 % [37] to 76 % [33] among published studies.
A certain difference in the prevalence of fragility fractures in
patients with CS reported in the literature might be related to
discrepancies in the primary outcomes and design of the var-
ious studies. In an Italian clinical study in which routine
thoraco-lumbar spine radiographs were systematically exam-
ined focusing specifically on vertebral deformities in patients
with endogenous CS, vertebral fractures were detected in 61
of 80 (76 %) consecutively evaluated patients with CS; in 52
patients, there were multiple fractures, though they were only
clinically evident in 32 [33]. Tauchmanova et al. [33] used a
different method to assess vertebral body deformities than we
did, including a spine deformity index [38], whereas we ap-
plied the semi-quantitative assessment scheme suggested by
Genant et al. [27]. Investigators behind a Hungarian study
reported 23 symptomatic vertebral and 25 non-vertebral frac-
tures, which occurred in 24/68 (35%) of their patients with CS
over a 5-year period of time before the diagnosis of endoge-
nous CS, but no fractures once CS was successfully treated
[32]. Similar to both these results and the presently reported
findings, we recently published a chapter documenting fragil-
ity fractures in 45 % of 217 Russian patients with CS [39]. In
the ERCUSYN database, fractures were evident in 21% of the
CS patients [37]; however, this last low figure might have
underestimated the real prevalence due to the asymptomatic
nature of some fractures and the fact that bone complications
were not the primary goal of the ERCUSYN study. Undoubt-
edly, endogenous CS increases the risk of fracture relative to

that observed in those who are healthy. This was confirmed in
a survey in which self-administered questionnaires were sent
to 125 patients suffering fromCS in Denmark.With an overall
response rate of 83 %, the authors identified a markedly in-
creased risk within the 2 years prior to diagnosis (incidence
rate ratio (IRR), 6.0; 95%CI, 2.1–17.2). The subjects also had
more low-energy fractures than the control (relative risk (RR),
5.4; 1.4–20.1). The risk of fracture did not depend upon the
underlying etiology of hypercorticism [31].

Similar to other studies [10–12], we detected decreased
levels of bone formation markers, which were more profound
in patients with low-traumatic fractures. Nevertheless, the
osteocalcin levels were entirely dependent on the 24hUFC
levels and its suppression, thereby secondary to the severity
of hypercorticism.

The current study has certain strengths and limitations. A
reasonably sized cohort of patients, the largest to date, specif-
ically designed to estimate fractures in patients with CS, en-
abled us to perform multilevel analysis of fracture predictors
despite the rarity of this disorder. Focusing on bone compli-
cations in patients with CS helps to estimate the prevalence of
fractures, which might be underestimated even in studies in-
volving larger cohorts in which lateral X-rays were not per-
formed for every patient. On the other hand, we must also
admit to certain obvious limitations, the foremost being that
the study was retrospective as we registered the fractures that
had occurred before admission to our hospital and retrospec-
tively evaluated TBS values, which were likely falsely elevat-
ed by the vertebral body deformities that were so common in
these patients. Moreover, we enrolled newly diagnosed pa-
tients, but the duration of disease, though always more than
6 months, might have varied considerably thereby influencing
fracture rate. At the same time, some of these limitations are
inevitable. Given the severity and life-threatening clinical pre-
sentation of endogenous CS, the treatment is provided along
with the diagnosis in the vast majority of patients. This makes
the prospective evaluation of patients with active endogenous
CS without treatment unethical and clearly impossible. Any
estimate of the exact duration of hypercorticism is usually
speculative.

In conclusion, patients with endogenous CS have a very
high prevalence of fragility fractures (44.5 %), which predom-
inantly involves vertebral body compression. In addition, once
one fracture occurs, the likelihood of more is great as the vast
majority of our patients with fractures had multiple ones. At
the time of clinical presentation, CS patients generally appear
to have a low TBS value, decreased levels of bone formation
markers, and yet just a minimal decrease in BMD. Neither
TBS nor BMDwas predictive for fractures. The only predictor
of prior low-trauma fracture appears to be the severity of
hypercorticism measured via 24hUFC levels, out-influencing
all other factors, including patient’s gender, age, BMI, BMD,
TBS, and the degree of bone formation marker suppression.
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Consequently, patients with 24hUFC value higher than
1500 nmol/24 h should be considered candidates for
antiosteporotic treatment in the event of hypercorticism not
being able to be urgently resolved.
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