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PATHOPHYSIOLOGY OF BONE DAMAGE IN CUSHING SYNDROME

Pivonello R et al, Lancet Diabetes Endocrinol 2016
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CELL POPULATIONS IN MUSCLE AND THEIR 
RELATIONSHIP TO LIPID ACCUMULATION

Myofibers: pink are surrounded
SCs (blue): satellite cells
FAPS (green): fibro-adipogenic progenitors (multipotential cells of mesenchymal origin)

Hamrick MW et a l, Front Endocrinol 2016, 
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GLUCOCORTICOIDS AND MYOSTEATOSIS

Hamrick MW et a l, Front Endocrinol 2016, 
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Cushing Disease

n=8

Obese Controls

n=10

Healthy Controls

n=8

LEAN TISSUE MASS AND DISTRIBUTION IN CUSHING DISEASE

Wajchenberg BL et al, J Clin Endocrinol Metab 1995
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MUSCLE DAMAGE IN CUSHING’S SYNDROME

Valassi E et al, Eur J Endocrinol 2011
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EFFECT OF TREATMENT OF CUSHING’S SYNDROME 
ON SKELETAL MUSCLE STRUCTURE AND FUNCTION 

Khaleeli AA et al, Clin Endocrinol 1983 
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MRI ASSESSMENT OF LEAN AND ADIPOSE TISSUE 
DISTRIBUTION AFTER RECOVERY FROM CUSHING'S DISEASE

Geer B et al, J Clin Endocrinol Metab 2012

14 PATIENTS (2 MALES)
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MRI ASSESSMENT OF LEAN AND ADIPOSE TISSUE 
DISTRIBUTION AFTER RECOVERY FROM CUSHING'S DISEASE

Geer B et al, J Clin Endocrinol Metab 2012

14 PATIENTS (2 MALES)
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BODY COMPOSITION IN WOMEN WITH CUSHING’S SYNDROME IN 
REMISSION: ASSOCIATION WITH GLUCOCORTICOID SENSITIVITY

Ragnarsson et al, EJE 2015

50 women treated for CS 50 controls
Median (interquartile range) remission time: 13 (5–19) years

The patients carrying theTC/CCalleles of the ABCB1 rs1045642 
polymorphism had increased abdominal fat mass and decreased 

appendicular skeletal muscle mass
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BMD AFTER CURE OF CUSHING’S SYNDROME
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9 pts (1 male, 8 female) cured (6 adrenal adenomas, 3 Cushing’s disease).

10 pts (1 male, 9 female) with active Cushing’s disease, treated with ketoconazole

BMD IN CUSHING’S SYNDROME: MEDICAL TREATMENT

Luisetto G et al. Osteoporos Int 2001
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BMD AFTER CURE OF CUSHING’S SYNDROME
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Di Somma C et al. Clin Endocrinol 2003

9 adults with Cushing Disease (3 M, 6 F; age 32–50 years)



33 patients and 25 controls followed up for 33 (1FU) and 71 (2FU) months

Lumbar spine

Data are medianSEM; ***P<0.001 vs BL; ###P<0.001 vs 1.FU

Kristo C et al. Eur J Endocrinol 2006

BMD AFTER CURE OF CUSHING’S SYNDROME
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BASELINE                    33 MONTHS                 71 MONTHS



INCREASED BONE DENSITY AND TURNOVER AFTER CURE OF ADRENAL 
CUSHING SYNDROME

Chiodini I. Unit of Endocrinology and Metabolic Diseases, Fondazione IRCCS Cà Granda  – Dpt. of Medical Sciences and Community Health, University of Milan, Milan, Italy 

Kawamata A et al,  World J Surg 2008

17 Patients (14F)
Age 42±11 yrs
Cortisol 22.7±8.4 μg/dL
FU 21.8±4.3 months
UFC 244 ± 184 μg/day



Vestergaard P et al, Eur J Endocrinol 2002

CUSHING’S SYNDROME AND FRACTURES

104 patients affected by

Cushing Syndrome and

312 control subjects

studied by a self

administered

questionnaire.

There was an increased

fracture risk within the last

2 years prior to diagnosis

(OR 6.0, 95%CI 2.1-17.2).

More than 2 years before

and following diagnosis

there were no increase in

fracture risk.

No difference in fracture

risk between patients with

adrenal or pituitary

disease
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Di Somma C et al. Clin Endocrinol 1998
Lumbar spine

ALENDRONATE IN THE OSTEOPOROSIS OF CUSHING’S DISEASE

Femoral neck

“…The results of the present 
study show that a 12 month 

treatment period with 
alendronate induced an 

improvement in bone mineral 
density greater than in untreated 

patients…”

8 active pts: ketoconazole

10 inactive pts: not treated

10 active pts: ketoconazol+alendronate

11 inactive pts: alendronate

Chiodini I. Unit of Endocrinology and Metabolic Diseases, Fondazione IRCCS Cà Granda  – Dpt. of Medical Sciences and Community Health, University of Milan, Milan, Italy 



PERCENTAGE BMD VARIATION AFTER CURE OF ENDOGENOUS 
CUSHING SYNDROME

Femur Spine 
Randazzo MR et al, Pituitary 2012

The BMD increase at spine tended to be 
higher in patients who were not treated 
with bisphosphonates than in the patients 
treated, (40% vs. 6% P = 0.0559). 

The BMD increase at femur was not 
different.
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Patients with untreated GHD showed a trend of lower improvement of BMD at 
spine T score than patients without GHD
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ADRENALECTOMY REDUCES THE RISK OF FRACTURES IN SH

Variables No Surgery Surgery
n=23                                  n=32
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Salcuni AS et al, Eur J Endocrinol 2016



LACK OF SKELETAL RECOVERY AFTER CURE FROM 
CUSHING’S SYNDROME

• Hypovitaminosis D

• Hypogonadism

• GH deficit

• Glucocorticoids overtreatment
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IN CUSHING’S SYNDROME THE MAIN PREDICTOR OF 
ABNORMAL BMD IS THE DURATION OF GC REPLACEMENT

Barahona MJ et al, J Bone Mineral Res 2009



CONCLUSIONS

• Myopathy is highly prevalent in Cushing’s syndrome (42-83%) and affects the 
proximal part of lower limbs and can take months to years to resolve.

• Scarce data on the effect of the recovery from Cushing Syndrome on muscle.

• Surgical remission improved BMD in most studies, more rapidly at spine, but 
the complete recovery may require more than 5 years.

• Ketoconazole treatment does not seem to ameliorate the bone 
consequences.

• The duration of glucocorticoid replacement is negatively correlated with 
BMD in women with Cushing’s syndrome in long-term surgical remission.

• Hypovitaminosis D, GC over-treatment, hypogonadism, GH deficit might 
affect the time to bone recovery.
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