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Abstract

Purpose Fracture risk data following curative treatment

of Cushing’s syndrome (CS) are scarce and the role of

bisphosphonates in bone recovery after remission is con-

troversial. We evaluated the effects of hypercortisolism

remission in bone recovery in CS. Then, we assessed if the

FRAX� algorithm calculated before the cure can predict

fracture risk after cure.

Methods Thirty-six patients with CS were retrospectively

investigated. Bone turnover markers, bone mineral density

(BMD) at the lumbar spine (L1–L4) and left femur (both

neck and total hip were considered), and fracture risk using

FRAX� algorithm with femoral neck BMD were evaluated

at diagnosis and after a median follow-up of 24 months

(range 12–108 months) from hypercortisolism remission.

Data about bone active therapy were analyzed.

Results Hypercortisolism remission was associated with

the improvement of all densitometric parameters and with

the reduction of fracture risk. The percentage change in

BMD and the fracture risk were not significantly different

in bisphosphonate-treated vs. untreated patients. During

follow-up, three fractured patients at baseline exhibited a

new vertebral fracture. A baseline 10-year probability of

major osteoporotic fractures (FRAX� Major) of 17 % was

able to predict the occurrence of a new vertebral fracture

during follow-up after cure with 100 % sensitivity, 77 %

specificity, 81 % positive predictive value and 100 %

negative predictive value.

Conclusions Osteoporosis and fracture risk may be

reversible after curative treatment of CS, regardless of

bisphosphonate therapy. We suggest applying the FRAX�

algorithm to all active CS patients using a baseline FRAX�

Major of 17 % as ‘‘intervention threshold’’.

Keywords Cushing’s syndrome � Fracture risk � FRAX�

algorithm � Bone complications

Introduction

Chronic glucocorticoid excess is accompanied by a wide

range of signs and symptoms, known as Cushing’s syn-

drome (CS). Endogenous glucocorticoid excess in patients

with CS may arise from ACTH-secreting pituitary tumor,

ectopic (non-pituitary) ACTH production, or adrenal tumor

[1].

Osteoporosis is a major complication of CS leading to

an increased risk of fragility fractures [1, 2]. The preva-

lence of osteoporosis among patients with CS has been

reported to be about 40 % [3], with 21 % of these patients

developing non-traumatic bone fractures [4]. Hypercorti-

solism exerts both direct and indirect effects on bone.

Direct effects include reduction of osteoblast function,

increase of bone resorption, and impairment of enteral

calcium absorption; indirect effects include impaired hor-

monal secretion and action (in particular gonadal steroids

and growth hormone), and reduction of muscle volume and

strength [2, 5].

The trabecular bone is the most affected by glucocorti-

coid excess, with a consequent increased risk of vertebral

osteoporotic fractures that frequently represent the first

L. Trementino and L. Ceccoli contributed equally to this work.

L. Trementino � L. Ceccoli � C. Concettoni � G. Marcelli �
G. Michetti � M. Boscaro � G. Arnaldi (&)

Division of Endocrinology, Polytechnic University of Marche,

Via Conca 71, Torrette di Ancona, 60020 Ancona, AN, Italy

e-mail: gioarnaldi@gmail.com

123

J Endocrinol Invest (2014) 37:957–965

DOI 10.1007/s40618-014-0126-1



manifestation of CS and can occur even when the bone

mineral density (BMD) is normal [2, 6]. It is suggested that

the development of endogenous glucocorticoid-induced

osteoporosis (GIO) and bone fractures depends on age at

onset, duration and severity of hypercortisolism, and indi-

vidual susceptibility to glucocorticoids, which is geneti-

cally determined [2, 7]. Bone loss induced by

glucocorticoids is potentially reversible after curative

treatment of the glucocorticoid excess; a few studies

reported an improvement of BMD up to complete nor-

malization in some cases after remission of hypercortisol-

ism [8–12].

Despite the large literature on exogenous GIO, data on

fracture risk after curative treatment of CS are retrospective

and very limited probably as a consequence of the rarity of

CS [3]. In fact, the only study that evaluated this aspect

collected information on fracture history via a self-

administered questionnaire. As well as limitations with the

study methodology, the study showed that fracture risk

seemed to revert to normal in the first few years after

treatment [13].

Various agents have been evaluated for the treatment of

GIO. Currently, several bisphosphonates (alendronate,

risedronate, and zoledronic acid) and PTH (teriparatide) are

widely approved for the management of GIO, but studies

on their efficacy are mainly addressed in glucocorticoid-

treated patients [14]. Data in patients with endogenous

hypercortisolism are very scarce and the role of antire-

sorptive therapy with bisphosphonates in the recovery of

bone mass after treatment of CS is unclear. The study by Di

Somma et al. [15] of 11 patients suggested that alendronate

may induce a more rapid improvement in BMD than cor-

tisol normalization alone, probably by restoring the balance

between bone formation and resorption. On the contrary,

more recent data from 20 patients with CS (five of them

treated with bisphosphonates) showed that spontaneous

improvement of osteoporosis is independent of basal con-

ditions and unaffected by treatment with bisphosphonates

[12].

In a recent review article, Tóth and Grossman, empha-

sized the importance of detailed fracture risk assessment

not only in patients with exogenous GIO but also in

patients with endogenous hypercortisolism although it is

difficult to translate glucocorticoid dosage to different

degrees of endogenous hypercortisolism [16]. More

recently, Scillitani et al. discussed who, when, and how the

patient with endogenous hypercortisolism should be treated

with bone active therapy. The authors point out that

although there are no data on validation of FRAX� strat-

ification method in patients with endogenous hypercorti-

solism, this algorithm could be applied to CS to identify the

patients to treat before and after hypercortisolism remission

[17].

Considering this aspect and the lack of guidelines for the

management of endogenous GIO, the aim of the present

study was to retrospectively evaluate the effect of the

remission of hypercortisolism following curative surgery

on bone mass, bone turnover markers, and fracture risk

using FRAX� algorithm with femoral neck BMD; and to

investigate the possible additional role of antiresorptive

therapy with bisphosphonates in the recovery of bone

metabolism alterations in patients with CS.

Then, we assessed if the FRAX� algorithm calculated

before the cure can predict fracture risk after cure.

Subjects and methods

Subjects

Thirty-six consecutive CS patients referred to our special-

ized centre were retrospectively investigated. Eligible cri-

teria were a diagnosis of active CS followed by

hypercortisolism remission after curative surgery for at

least 12 months at the time of data analysis.

The differential diagnosis between Cushing’s disease

(CD), ectopic ACTH secretion (EAS), and adrenal CS

(ACS) was made based on clinical features and laboratory

assessments, according to the consensus statement and

clinical practice guidelines [1, 18].

Disease duration was estimated considering the date of

onset of signs and symptoms of hypercortisolism. In all

patients, pathological findings and clinical remission of

hypercortisolism after surgery confirmed the diagnosis.

Remission of hypercortisolism was defined on the basis

of regression of clinical signs/symptoms of hypercortisol-

ism, and normalization of biochemical and hormonal

parameters [urinary-free cortisol (UFC) normalization,

normal cortisol suppression after low dose of dexametha-

sone, and cortisol rhythm restoration]. Substitutive steroid

supplementation with cortisone acetate at a mean dosage of

37.5 mg/day was started just after surgery and tapered off

until discontinuation; median duration 6 months postoper-

atively (range 3–12 months).

Outcome measurements

Patients have been evaluated at diagnosis and after a

median follow-up of 24 months (range 12–108 months)

from hypercortisolism remission. Bone profile was inves-

tigated by evaluating biochemical markers of bone turn-

over, densitometric parameters, prevalence of vertebral

fractures, and fracture risk.

We calculated the percentage change in densitometric

parameters and fracture risk from baseline to the last fol-

low-up after hypercortisolism remission as: %
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change = [(follow up values - baseline values)/baseline

values] 9 100.

Hormonal evaluations

Hormonal evaluations included measurements of midnight

serum cortisol (after 24-h hospitalization), 24-h UFC (the

average of two collections was used for all patients), and

serum cortisol levels after 1-mg dexamethasone suppres-

sion test. Serum cortisol was measured by chemilumines-

cent immunometric assays (Advia Centaur; Bayer

Diagnostics, Newbury, UK). Method sensitivity was

0.4 lg/dl; intra-assay and inter-assay variation coefficients

(CVs) were 4.4 and 6.0 %, respectively. 24-h UFC was

assessed by high-performance liquid chromatography

(intra-assay CV 7.73 %; normal range 9.2–45.2 lg/24 h).

Biochemical and bone turnover markers

In all patients, we evaluated biochemical parameters of

calcium and phosphorus metabolism, and bone turnover

markers. We considered serum C-terminal telopeptides of

type I collagen (s-CTX) as a marker of bone resorption and

serum osteocalcin (s-OC) as a marker of bone apposition.

s-CTX and s-OC were measured using electrochemilumi-

nescence immunoassay on a Roche Modular Analytics

E170 Analyzer (F. Hoffman-La Roche Ltd, Basel, Swit-

zerland). The measuring range for s-CTX was

10–6,000 pg/ml (normal range: \570 pg/ml for premeno-

pausal women, \1,000 pg/ml for postmenopausal women,

and \700 pg/ml for men aged 50–70 year) and for s-OC

was 0.500–300 ng/ml (normal range 13–48 ng/ml). All

hormone determinations were performed in the same

laboratory.

BMD measurements

BMD was measured by dual-energy X-ray absorptiometry

(DXA) at the lumbar spine (L1–L4) and left femur (both

neck and total hip were considered) using a Lunar Prod-

igy� densitometer (GE Healthcare, Madison, WI, USA)

equipped with Lunar Prodigy� enCore software. BMD

values were expressed as g/cm2. All DXA evaluations were

performed by the same radiologist technician. T- and Z-

scores were expressed as the increase in relative risk of

fracture per unit SD decrease in BMD measurements and

calculated according to the manufacturer’s normative data.

Quality control was guaranteed by scanning of anthropo-

metric spine phantom every other day. Fractured vertebrae

were excluded from BMD measurements in all patients and

the site with the lowest T- or Z-score of the three skeletal

sites was used to make a diagnosis.

The World Health Organization (WHO) criteria were

used to define the conditions of normal mineralization,

osteopenia, and osteoporosis (T-score C -1.0 SD; -2.5

SD \ T-score \ -1.0 SD; and T-score B -2.5 SD,

respectively) in postmenopausal women and in men aged

[50 year. In fertile women and in men aged B50 year, the

diagnosis was made based on Z-scores relative to the

expected BMD values of healthy individuals matched for

age and sex. The diagnosis of osteoporosis was made when

Z-scores were B -2.5 SD, with the addition of a secondary

cause of osteoporosis (for example CS). The presence of

vertebral or femoral fractures, regardless of Z-scores, was

also a criterion to define osteoporosis in this group of

patients [19].

Vertebral fractures

To detect vertebral fractures, all patients underwent mor-

phometric X-ray absorptiometry followed by morphomet-

ric radiography which uses conventional lateral

thoracolumbar spine radiographs to analyze vertebral body

shape. According to the Genant visual semiquantitative

method [20], vertebral fractures were defined as reductions

on lateral spine radiographs of [20 % in one vertebral

body’s height.

Fracture risk assessment

Fracture risk was evaluated using FRAX� algorithm with

femoral neck BMD. FRAX� is a computer-based algorithm

(http://www.shef.ac.uk/FRAX) developed by the WHO

Collaborating Centre for Metabolic Bone Diseases [21–

23]. The algorithm integrates clinical risk factors and

femoral neck BMD, and calculates the 10-year probability

of hip (FRAX� Hip) and major osteoporotic fractures

(clinical spine, hip, humerus, or wrist fracture; FRAX�

Major).

FRAX� models have been developed from studying

population-based cohorts from Asia, Europe, the Middle

East and Africa, North America, Latin America, and

Oceania [21–23]. They are based on age, sex, weight,

height, and dichotomized clinical risk factors such as:

previous fracture, family history of hip fracture, current

smoking, alcohol consumption, use of long-term oral glu-

cocorticoids, rheumatoid arthritis, or secondary osteopo-

rosis (such as type 1 diabetes, osteogenesis imperfecta,

untreated long-standing hyperthyroidism, hypogonadism or

premature menopause, chronic malnutrition or malabsorp-

tion, and chronic liver disease). Femoral neck BMD can be

optionally input to enhance fracture risk prediction [24].

FRAX� algorithm can be used to evaluate fracture risk in

patients with exogenous GIO [25], but it is not designed to

be used in patients with endogenous hypercortisolism due
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to the rarity of the disease and the lack of available data for

the FRAX� cohorts. However, CS is a well-recognized

secondary cause of osteoporosis characterized by a state of

hypercortisolism similar to that of patients treated with

exogenous glucocorticoids for various disorders. Consid-

ering these facts, we used FRAX� algorithm in patients

with CS, entering ‘‘yes’’ in both the ‘‘secondary osteopo-

rosis’’ and ‘‘glucocorticoids’’ fields of the algorithm for

patients with active disease, and ‘‘no’’ in the same fields

after hypercortisolism remission.

Finally, it should be noted that FRAX� algorithm is

designed for patients aged 40–90 year; for younger

patients, the program computes probabilities as for a

patient aged 40 year.

Statistical analysis

The Kolmogorov–Smirnov test was applied to assess the

normal distribution of quantitative variables. According to

data distribution, comparison of continuous variables

between two groups of patients was performed using Stu-

dent’s t test or the Mann–Whitney rank sum test. Contin-

uous variables were expressed as mean ± SD. Categorical

variables were analyzed by the v2 test or Fisher’s exact test

if appropriate and expressed as percentages.

Receiver operating characteristic (ROC) curve analyses

were used to determine the optimal cutoff value for the

10-year probability of major osteoporotic fracture for dis-

criminating CS patients with and without fracture as well

as to evaluate the predictive value of baseline FRAX�

Major for the occurrence of a new vertebral fracture during

follow-up after cure. ROC curves were generated by plot-

ting the relationship of true positivity (sensitivity) and false

positivity (1 - specificity) at various cutoff points of the

tests. An AUC of 1.0 is characteristic of an ideal test,

whereas 0.5 indicates a test of no diagnostic value.

Logistic regression analysis was used to assess the

association between the occurrence of a new vertebral

fracture during follow-up after cure (dependent variable)

and independent variables such as age, gender, duration of

follow-up, cumulative dose of substitutive steroid supple-

mentation and bone active therapy.

A P value \0.05 was considered significant. All statis-

tical analyses were performed using SPSS software version

22.0 (SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics

All 36 patients were white (30 female and 6 male; mean age

43.6 ± 13.5 year). Twenty-two patients were diagnosed

with CD, ten patients with ACS due to a cortisol hyperse-

creting adrenal adenoma, and four patients with EAS. Mean

disease duration was 44.6 ± 48.0 months. No patients had a

past or current history of diseases known to affect bone

metabolism other than CS.

At the time of diagnosis, 18 women were premenopausal

and 12 postmenopausal. One patient became postmenopausal

during the study period. All male patients at baseline presented

subnormal serum testosterone levels (range 8.5–12.3 nmol/l).

Six patients (four with CD, one with ACS, and one with

EAS) were under antiresorptive therapy with a bis-

phosphonate (four patients with alendronate 70 mg/week

and two patients with risedronate 35 mg/week), and cal-

cium (1,000 mg/day) and vitamin D (800 IU/day) supple-

mentation. All the patients with vitamin D deficiency were

under adequate supplementation.

Bone mass measurements and fracture evaluation

At baseline, 22 of 36 patients (61 %; 13 of 22 with CD, 7 of

10 with ACS, and two of four with EAS) showed alterations

of bone mass (BMD below the expected range for age and

sex, osteopenia, or osteoporosis). Vertebral fractures were

present in 8 of 36 patients (22 %; 5 of 22 with CD, 2 of 10

with ACS, and 1 of 4 with EAS). Only four fractured

patients (4 of 8) were treated with a bisphosphonate. Base-

line characteristics of fractured vs. unfractured patients are

presented in Table 1. Compared with unfractured patients,

fractured patients exhibited more compromised spine and

femoral neck densitometric parameters (Table 1).

According to ROC curve analysis, a cutoff value of

17 % for the FRAX� Major was able to discriminate

fractured patients from those without fractures, with sen-

sitivity (SE) and specificity (SP) of 100 % (AUC FRAX�

Major 1.00; 95 % confidence interval 1.00–1.00;

P = 0.001).

Bisphosphonate therapy assessment

Baseline characteristics of the six patients treated with

bisphosphonates compared with the 30 untreated patients

are reported in Table 2. No differences were found in age,

gender distribution, hypercortisolism degree, and disease

duration between the two groups. The densitometric

parameters of the bisphosphonate-treated patients were

significantly lower, fracture prevalence was higher, and

FRAX� Hip and FRAX� Major were increased, compared

with the untreated patients (Table 2).

Follow-up after curative surgery

In total, 35 of 36 patients with CS improved their bone

mass. One patient, whose gonadal status changed from
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premenopausal to postmenopausal during the study period,

had a lower bone mass compared with baseline. The six

patients under antiresorptive treatment at baseline were all

still treated at follow-up evaluation. The overall median

duration of bisphosphonate treatment was 42 months

(range 24–96 months).

Follow-up data regarding bone turnover markers and

densitometric parameters in patients treated and untreated

with bisphosphonates are reported in Tables 3 and 4,

respectively. In both groups of patients, BMD, T- and Z-

scores at lumbar spine and Z-scores at femoral neck sig-

nificantly improved after hypercortisolism remission. A

significant increase leading to a normalization of s-OC

levels was also observed in untreated patients (Table 4).

Figure 1 shows the changes in 10-year fracture risk. In

both groups (patients treated and untreated with bisphos-

phonates), the FRAX� Major significantly decreased at

follow-up (Fig. 1a). Untreated patients also showed a sig-

nificant reduction of the FRAX� Hip (Fig. 1b).

The percentage increase in lumbar spine and femoral

neck BMD, as well as the percentage decrease in the

10-year probability of hip and major osteoporotic fractures

is not significantly different in patients treated with bis-

phosphonates compared with those untreated (Table 5). No

correlations were observed between the percentage change

in BMD and fracture risk and the following parameters:

basal densitometric parameters, degree and duration of

hypercortisolism, duration and cumulative dose of steroid

replacement taken, duration of follow-up.

During follow-up, none of the patients unfractured at

baseline developed new vertebral and/or non-vertebral

fractures. In contrast, three of the fractured patients at

baseline each exhibited a new vertebral fracture. Consid-

ering the eight fractured patients at baseline, no significant

differences were found between those who worsened at

follow-up (three of eight) and those who remained

unchanged (five of eight). However, it is worth noting that

fractured patients who worsened at follow-up were all

untreated with bisphosphonates.

ROC curve analysis was performed to assess if baseline

FRAX� values may predict the occurrence of new verte-

bral fractures during follow-up after cure. A cutoff value

for baseline FRAX� Major of 17 % was able to predict the

occurrence of a new vertebral fracture after cure with

Table 1 Baseline

characteristics of Cushing’s

syndrome patients with and

without vertebral fractures

Data are expressed as

mean ± SD or absolute number

(percentage in parentheses)

BMD bone mineral density, BMI

body mass index, CS Cushing’s

syndrome, 1 mg-DST serum

cortisol after 1-mg

dexamethasone suppression test,

s-CTX serum C-terminal

telopeptides of type I collagen,

s-OC serum osteocalcin, UFC

urinary-free cortisol

* s-CTX values excluding

patients treated with

bisphosphonates were:

475.88 ± 296.72 pg/ml

(unfractured patients) vs.

447.17 ± 293.87 pg/ml

(fractured patients); P = 0.94;

471.35 ± 288.23 pg/ml (all CS)

** s-OC values excluding

patients treated with

bisphosphonates were:

5.56 ± 7.47 ng/ml (unfractured

patients) vs. 5.48 ± 3.03 ng/ml

(fractured patients); P = 0.52;

5.54 ± 6.97 ng/ml (all CS)

CS unfractured

(n = 28)

CS fractured (n = 8) P All CS (n = 36)

Age (years) 43.39 ± 12.71 44.38 ± 17.25 0.86 43.61 ± 13.57

Age range (years) 17–66 25–70 17–70

BMI (kg/m2) 28.09 ± 6.02 28.06 ± 2.67 0.99 28.08 ± 5.33

Female sex 24 (86 %) 6 (75 %) 0.40 30 (83 %)

Disease duration (months) 46 ± 50 39 ± 41 0.79 44 ± 48

Midnight serum cortisol

(nmol/l)

541.52 ± 178.57 618.24 ± 112.05 0.42 552.82 ± 170.29

UCF (nmol/24 h) 906.44 ± 1,855.79 1,083.37 ± 1,085.80 0.85 932.63 ± 1,747.65

1 mg-DST (nmol/l) 557.24 ± 467.26 675.37 ± 94.39 0.69 574.08 ± 434.42

s-CTX (pg/ml)* 481.02 ± 288.07 485.95 ± 252.17 0.97 481.96 ± 275.55

s-OC (ng/ml)** 5.33 ± 7.21 5.15 ± 2.74 0.95 5.29 ± 6.57

Lumbar (L1–L4) BMD

(g/cm2)

1.061 ± 0.140 0.936 ± 0.192 \0.05 1.032 ± 0.159

Lumbar (L1–L4) T-score

(±SD)

-1.02 ± 1.18 -1.99 ± 1.44 0.06 -1.26 ± 1.29

Lumbar (L1–L4) Z-score

(±SD)

-1.01 ± 1.18 -1.77 ± 1.49 0.13 -1.18 ± 1.27

Femoral neck BMD (g/cm2) 0.849 ± 0.139 0.715 ± 0.177 \0.05 0.815 ± 0.158

Femoral neck T-score (±SD) -1.18 ± 1.02 -2.27 ± 1.42 \0.05 -1.45 ± 1.21

Femoral neck Z-score (±SD) -1.03 ± 1.04 -2.01 ± 1.14 \0.05 -1.28 ± 1.13

Total hip BMD (g/cm2) 0.971 ± 0.158 0.799 ± 0.271 0.09 0.928 ± 0.199

Total hip T-score (±SD) -0.33 ± 1.17 -1.76 ± 2.39 0.08 -0.69 ± 1.62

Total hip Z-score (±SD) -0.40 ± 1.02 -1.71 ± 1.90 0.06 -0.72 ± 1.36

Bone mass alterations 14 (50 %) 8 (100 %) \0.05 22 (61 %)

FRAX� Major (%) 8.75 ± 3.59 35.83 ± 14.21 \0.05 18.90 ± 16.07

FRAX� Hip (%) 1.53 ± 1.51 19.83 ± 14.63 \0.05 8.39 ± 12.51
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100 % SE, 77 % SP, 81 % positive predictive value (PPV)

and 100 % negative predictive value (NPV).

Logistic regression analysis showed that the occurrence

of a new vertebral fracture during follow-up after cure was

independent from age, sex, duration of follow-up, cumu-

lative dose of substitutive steroid supplementation and

bone active therapy.

Discussion

Our study confirms that patients with CS present a high

prevalence of osteoporosis and fractures; in particular,

bone mass alterations were detected in 61 % and vertebral

fractures in 22 % of patients investigated. Moreover,

fractures occurred even in patients presenting a normal

BMD value. These results are in line with previously

published studies [4, 7].

We evaluated fracture risk in patients with CS using the

FRAX� algorithm with BMD; to our knowledge, this is the

first time this has been done. This available worldwide

algorithm allows the calculation of population-specific

individualized fracture risk based on the principle that the

use of clinical risk factors in conjunction with BMD

measurement improves global fracture risk prediction [24,

26].

Table 2 Baseline

characteristics of Cushing’s

syndrome patients treated with

and without bisphosphonates

(data for all CS patients are the

same as in Table 1)

Data are expressed as

mean ± SD or absolute number

(percentage in parentheses)

BMD bone mineral density, BMI

body mass index, CS Cushing’s

syndrome, 1 mg-DST, serum

cortisol after 1-mg

dexamethasone suppression test,

s-CTX serum C-terminal

telopeptides of type I collagen,

sOC serum osteocalcin, UFC

urinary-free cortisol

CS untreated (n = 30) CS treated (n = 6) P

Age (years) 43.40 ± 13.29 44.67 ± 16.25 0.83

BMI (kg/m2) 28.20 ± 5.81 27.57 ± 2.42 0.81

Female sex 25 (83 %) 5 (83 %) 1.00

Disease duration (months) 45 ± 48 43 ± 51 0.95

Midnight serum cortisol (nmol/l) 542.89 ± 165.60 615.48 ± 135.24 0.43

UCF (nmol/24 h) 914.13 ± 1,814.07 1,080.67 ± 1,350.62 0.88

1 mg-DST (nmol/l) 567.73 ± 454.84 612.72 ± 339.48 0.85

s-CTX (pg/ml) 471.35 ± 288.23 582.75 ± 27.64 0.60

s-OC (ng/ml) 5.54 ± 6.97 3.54 ± 2.04 0.57

Lumbar (L1–L4) BMD (g/cm2) 1.060 ± 0.149 0.896 ± 0.148 \0.05

Lumbar (L1–L4) T-score (±SD) -1.02 ± 1.26 -2.31 ± 0.87 \0.05

Lumbar (L1–L4) Z-score (±SD) -0.97 ± 1.23 -2.21 ± 1.05 \0.05

Femoral neck BMD (g/cm2) 0.837 ± 0.152 0.699 ± 0.151 \0.07

Femoral neck T-score (±SD) -1.27 ± 1.17 -2.44 ± 0.98 \0.05

Femoral neck Z-score (±SD) -1.10 ± 1.09 -2.20 ± 1.03 \0.05

Total hip BMD (g/cm2) 0.956 ± 0.184 0.767 ± 0.245 0.13

Total hip T-score (±SD) -0.40 ± 1.43 -2.34 ± 1.92 \0.05

Total hip Z-score (±SD) -0.45 ± 1.16 -2.25 ± 1.67 \0.05

Bone mass alterations 17 (57 %) 5 (83 %) 0.22

FRAX� Major (%) 12.15 ± 7.71 33.76 ± 20.48 \0.05

FRAX� Hip (%) 3.12 ± 3.68 19.98 ± 17.57 \0.05

Table 3 Changes in bone

turnover markers and

densitometric parameters after

hypercortisolism remission

following curative surgery in

patients with Cushing’s

syndrome treated with

bisphosphonates

Data are expressed as

mean ± SD

BMD bone mineral density,

s-CTX serum C-terminal

telopeptides of type I collagen,

s-OC serum osteocalcin
a Median 24 months

Baseline (n = 6) Follow-upa (n = 6) P

s-CTX (pg/ml) 582.75 ± 27.64 310.50 ± 318.90 0.41

s-OC (ng/ml) 3.54 ± 2.04 28.97 ± 32.66 0.45

Lumbar (L1–L4) BMD (g/cm2) 0.896 ± 0.148 1.062 ± 0.111 \0.05

Lumbar (L1–L4) T-score (±SD) -2.31 ± 0.87 -1.04 ± 0.90 \0.05

Lumbar (L1–L4) Z-score (±SD) -2.21 ± 1.05 -0.66 ± 1.55 \0.05

Femoral neck BMD (g/cm2) 0.699 ± 0.151 0.754 ± 0.141 \0.05

Femoral neckT-score (±SD) -2.44 ± 0.98 -2.02 ± 0.95 \0.05

Femoral neck Z-score (±SD) -2.20 ± 1.03 -1.40 ± 0.99 \0.05

Total hip BMD (g/cm2) 0.767 ± 0.245 0.781 ± 0.222 0.61

Total hip T-score (±SD) -2.34 ± 1.92 -2.03 ± 1.50 0.35

Total hip Z-score (±SD) -2.25 ± 1.67 -1.70 ± 1.15 0.23
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Our results show that fracture risk in patients with CS

significantly reduced after hypercortisolism remission fol-

lowing curative surgery. In this context, the remission of

hypercortisolism represents the major determinant for the

recovery of bone health in patients with CS. Previous

studies have demonstrated that endogenous GIO is

reversible after treatment of glucocorticoid excess [8–12]

and that fracture risk decreases after remission of CS [13].

Our data confirm these findings and show that cure of

endogenous hypercortisolism is followed by a significant

improvement in BMD, both at spine and femoral neck

sites, independent of densitometric parameters and follow-

up duration. In fact, almost all patients (35 of 36) improved

their bone mass; only one patient worsened probably

because she changed her gonadal status from premeno-

pausal to postmenopausal during the study period.

The role of bisphosphonates in the recovery of bone

mass after cure of CS is controversial [12, 15]. Our data

suggest that the use of bisphosphonates in patients with CS

does not induce a more rapid improvement in BMD than

cortisol normalization alone. This finding is in line with

recent data of Randazzo et al. [12].

The reduction in osteoblast number and function has a

central role in the pathogenesis of GIO leading to sup-

pression of bone formation, identified by a decrease of

s-OC. The latter represents the more specific bone appo-

sition marker in patients with endogenous hypercortisol-

ism, whereas data about other markers of bone turnover are

discordant [21, 22, 27, 28].

In line with previously published literature [8–10], our

patients with CS exhibit, at diagnosis, s-OC levels below

the normal range with a rapid restoration after cure of

endogenous hypercortisolism. In this context, bisphospho-

nates could theoretically exert an unfavorable effect by

decreasing bone turnover and osteoblast number, thereby

preventing reversion of the suppressive mechanism [12].

Table 4 Changes in bone turnover markers and densitometric

parameters after hypercortisolism remission following curative sur-

gery in patients with Cushing’s syndrome untreated with

bisphosphonates

Baseline

(n = 30)

Follow-upa

(n = 30)

P

s-CTX (pg/ml) 481.02 ± 288.07 430.16 ± 167.26 0.80

s-OC (ng/ml) 5.33 ± 7.21 16.37 ± 8.15 \0.05

Lumbar (L1–L4)

BMD (g/cm2)

1.061 ± 0.140 1.156 ± 0.186 \0.05

Lumbar (L1–L4) T-

score (±SD)

-1.02 ± 1.18 -0.19 ± 1.54 \0.05

Lumbar (L1–L4) Z-

score (±SD)

-1.01 ± 1.18 0.15 ± 1.73 \0.05

Femoral neck BMD

(g/cm2)

0.849 ± 0.139 0.867 ± 0.124 0.22

Femoral neck T-score

(±SD)

-1.18 ± 1.02 -0.97 ± 0.98 0.14

Femoral neck Z-score

(±SD)

-1.03 ± 1.04 -0.48 ± 0.88 \0.05

Total hip BMD (g/

cm2)

0.971 ± 0.158 0.994 ± 0.176 0.98

Total hip T-score

(±SD)

-0.33 ± 1.17 -0.15 ± 1.23 0.67

Total hip Z-score

(±SD)

-0.40 ± 1.02 -0.45 ± 1.17 0.20

Data are expressed as mean ± SD

BMD bone mineral density, s-CTX serum C-terminal telopeptides of

type I collagen, s-OC serum osteocalcin
a Median 24 months

Fig. 1 Changes in the 10-year probability of: a major osteoporotic

fracture (FRAX� Major); and b hip fracture (FRAX� Hip) after

curative surgery of hypercortisolism in patients with Cushing’s

syndrome (CS), treated with and without bisphosphonates

(*P \ 0.05)

Table 5 Percentage change in BMD and fracture risk from baseline

to the last follow-up after hypercortisolism remission in patients with

Cushing’s syndrome, treated with and without bisphosphonates

% Change (from

baseline to follow-up)

CS treated

(n = 6)

CS not treated

(n = 30)

P

Lumbar (L1–L4) BMD 11.24 ± 5.66 6.91 ± 8.71 0.30

Femoral neck BMD 8.44 ± 5.55 2.12 ± 6.16 0.07

FRAX� Major -48.21 ± 19.04 -47.67 ± 10.97 0.94

FRAX� Hip -59.68 ± 29.82 -56.44 ± 16.95 0.79

Data are expressed as mean ± SD

CS Cushing’s syndrome, BMD bone mineral density
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To our knowledge, no data are available regarding the

role of bisphosphonates in promoting the reduction of

fracture risk after cure of CS. Our study is the first to focus

on this topic, finding no difference between the percentage

reduction of the 10-year probability of hip and major

osteoporotic fractures after hypercortisolism remission in

patients treated and untreated with bisphosphonates. Based

on this result, clinical improvement due to hypercortisolism

remission seems to be sufficient to reduce or ‘‘normalize’’

fracture risk in patients with CS.

However, three fractured patients exhibited a new ver-

tebral fracture during follow-up.

As many guidelines consider a prior fragility fracture

sufficient for starting treatment [29–31], the intervention

threshold in patients without a prior fracture can be set at

fracture probability equivalent to individuals with a prior

fragility fracture.

In the present study, a 10-year probability of major

osteoporotic fracture of 17 %, determined by the FRAX�

algorithm with BMD, was able to discriminate fractured

from unfractured patients and to predict the occurrence of a

new vertebral fracture during follow-up after cure with a

good prognostic profile (SE 100 %, SP 77 %, PPV 81 %,

NPV 100 %). This ‘‘fracture threshold’’ might so represent

the ‘‘intervention threshold’’ in patients with CS. It should

also be noted that the threshold value of 17 % found in our

study is substantially in line with that of 20 % proposed by

the current guidelines of exogenous GIO [14, 25]. Based on

these results, we suggest using the FRAX� algorithm with

BMD in all patients with CS, to stratify fracture risk and to

identify patients who could benefit from therapy.

The major limitations of the present study are the ret-

rospective data analysis, the relatively short duration of

follow-up for assessing incident fractures and the relatively

small number of patients with CS investigated. However,

CS is a rare disease with an annual incidence of 0.7–2.4 per

million people [32], which makes it difficult to obtain

exhaustive data on many aspects of this potentially lethal

disorder. Therefore, many controversial issues of CS still

wait to be clarified from large-scale studies [18, 33].

However, the cohort of patients in the present study is the

largest compared with previous studies addressing BMD

recovery after cure of hypercortisolism [8–12]. The num-

bers of patients receiving bisphosphonate treatment are

also very limited, but similar to those reported in the two

previous studies investigating the role of bisphosphonates

in the recovery of bone mass after CS remission [12, 15].

FRAX� algorithm presents also some limitations asso-

ciated with its use. In particular, in exogenous hypercorti-

solism, the use of glucocorticoids is entered as a

dichotomous risk factor (yes or no) and does not take into

account both the dose and the duration of glucocorticoid

treatment. Therefore, FRAX� may underestimate fracture

risk in patients taking higher doses, and overestimate risk

in those taking lower doses. For this reason, Kanis et al.

[34] recently formulated a simple arithmetic adjustment of

conventional FRAX� to modulate the risk assessment with

knowledge of the dose of glucocorticoid. Considering the

lack of standardized criteria to define severity in patients

with CS and the lack of available data to compare the doses

of glucocorticoids with the degree of endogenous hyper-

cortisolism, we assessed fracture risk in patients using the

conventional FRAX� algorithm without any adjustment.

Finally, it should be noted that FRAX� algorithm is not

validated for morphometric vertebral fractures and that it is

not designed to assess fracture risk during bone active

therapy.

The main strength of the present study is that, for the

first time, the effect of hypercortisolism cure, calcium and/

or vitamin D supplementation and bisphosphonate therapy,

both on bone mass and particularly on fracture risk eval-

uated by the FRAX� algorithm with BMD, was evaluated

in patients with CS. As the FRAX� algorithm is not vali-

dated for use in patients with CS, its application could be

questionable. However, based on the results reported in this

study, we believe that it could be a useful tool in clinical

practice for the management of osteoporosis induced by

endogenous hypercortisolism.

In conclusion, fracture risk induced by CS seems to be

reversible after treatment, regardless of bisphosphonate

therapy. We suggest the use of the FRAX� algorithm with

BMD in all active CS patients to identify patients at high-

fracture risk who will benefit from bone active therapy. A

‘‘fracture threshold’’ of 17 % for the 10-year probability of

major osteoporotic fracture could be suggested as an

‘‘intervention threshold’’.
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