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Cushing versus Pseudo-Cushing state



Definition of Cushing “state”

Condition associated with increased cortisol

resulting either in adrenal production 

(Cushing syndrome)

or in ACTH over-secretion

(Cushing disease) 

by pituitary tumor or an other tumor



Definition of Pseudo-Cushing state

…. at the end !



How many types of Cushing?



 Cortisol Producing Adenoma (ACTH-independent)

 Bilateral Adrenal Hyperplasia (ACTH-”independent”)

J Surg Pathol ‘11 Cancer Res ’03



 Cushing Disease (ACTH-dependent)

 Ectopic Cushing (ACTH-dependent)



Physiological conditions associated to Pseudo-Cushing state

 Surgery associated stress

 Severe illness

 Emotional stress

 Intense aerobic exercise

 Caloric restriction

Pseudo-Cushing’s States
G Kaltsas, G Chrousos, and I I Androulakis

NCBI Bookshelf



Physiological conditions associated to Pseudo-Cushing state

• Insulin resistance

• Poorly controlled T2DM

• PCOS

‘98

• Abdominal obesity

• Hypertension

• Hyperlipidemia



Non physiological conditions associated to Pseudo-Cushing state

‘86



Non physiological conditions associated to Pseudo-Cushing state

‘96

 Mechanism unclear

 Studies differently performed



Non physiological conditions associated to Pseudo-Cushing state



Clinical pictures and
metabolic pathways



Cortisol
effects

Cervello, SNC
Depressione, Psicosi

Occhi
Glaucoma

Sistema endocrino
LH, FSH
TSH
GH

Metabolismo carboidrati
deposito glicogeno
resistenza insulina periferica
gluconeogenesi
produzione acidi grassi liberi

Effetto diabetogeno

Distribuzione tessuto adiposo
Obesità viscerale

Sistema cardiovascolare/renale
ritenzione Sali e acqua
ipertensione

Tessuto muscolare/connettivo
catabolismo proteine/collagene
assotigliamento cute e atrofia muscolare

Metabolismo osseo e calcio
osteoporosi

Sistema immunitario
azione anti-infiammatoria
immunosopressione



Clinical signs and symptoms of Cushing’s syndrome % frequency

Truncal obesity 79-97

Moon face 50-94

Glucose intolerance 39-90

Muscle weakness 29-90

Hypertension 74-87

Psychiatric alterations 31-86

Ecchymosis 23-84

Hirsutism 64-81

Menstrual change 55-80

Erectil dysfunction 55-80

Acne 26-80

Purple striae 51-71

Edema 28-60

Osteopenia and Osteoporosis 40-50

Polydipsia, polyuria 25-44

Nephrolithiasis 15-19

Pigmentation 4-16

Headache 0-47

Exophthalmus 0-33

Tinea versicolor infection 0

Abdominal pain 0-21



Clinical signs and symptoms of Pseudo- Cushing’s syndrome % frequency

Moon face 90%

Muscle weakness 81%

Truncal obesity 75%

Purple striae 12.5%



Clinical Cushing features

Clinical Pseudo-Cushing features



Van Raalte DH et al. modified ‘09
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fat where lipolysis is activated, resulting in the release of free 

fatty acids into the circulation. The increase of free fatty acids 

may enhance the accumulation of hepatic lipids reducing 

glucose uptake and activating various serine kinases which 

results in decreased insulin signaling. Moreover, mice with a 

liver-specific disruption of the glucocorticoid receptor had 

diminished hepatic triglycerides levels. In humans, a high 

prevalence (up to 20%) of hepatic steatosis was also reported 

in patients with Cushing’s syndrome. Genetic variations in 

the glucocorticoid receptors may also affect the activity of 

cortisol, lipid metabolism and cardiovascular risk. 

 Copyright © 2010 S. Karger AG, Basel 

 Glucocorticoids play a crucial role in energy homeo-
stasis and they have complex and still not fully elucidated 
effects on lipid metabolism. Glucocorticoids modulate 
the expression of approximately 10% of human genes and 
in vitro a number of potential mechanisms through 
which glucocorticoids regulate lipid metabolism have 
been identified. 

  In vivo, it has been generally considered that chronic 
glucocorticoid excess is a secondary cause of dyslipid-
emia but the degree of lipid abnormalities in clinical con-
ditions is quite variable and there are very few and con-
f licting studies on the prevalence of dyslipidemia in pa-

 Key Words 

 Dyslipidemia    Free fatty acids    Steatosis    Insulin 

resistance    AMP-activated protein kinase  

 Abstract 

 Dyslipidemia seems to be less frequent than other metabol-

ic comorbidities in human Cushing’s syndrome. Neverthe-

less, it plays an important role in determining the global car-

diovascular risk in overt and subclinical Cushing’s syndrome. 

In Cushing’s syndrome, there is an increase of triglyceride 

and total cholesterol levels whereas HDL can be at variable 

levels. Overt and subclinical Cushing’s syndrome share many 

features with metabolic syndrome including insulin resis-

tance, abnormal fasting glucose levels, hypertension, obe-

sity and dyslipidemia. The pathogenetic mechanisms are 

multifactorial, including direct and indirect cortisol action 

on lipolysis, free fatty acid production and turnover, very-

low-density lipoprotein synthesis and fatty accumulation

in the liver. AMP-activated protein kinase mediates many of 

glucocorticoid-induced metabolic changes. Insulin resis-

tance plays a key role in determining lipid abnormalities. 

Other hormonal changes are involved including growth hor-

mone, testosterone in men and estrogen in women, cate-

cholamines and cytokines. In vitro, cortisol increases lipo-

protein lipase in adipose tissues and particularly in visceral 
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such as catecholamines and GH, thereby increasing their 
lipolytic action  [6] .

  In vitro studies showed a combined lipolytic effect of 
GH and cortisol exceeding the GH-induced lipolysis in 
human subcutaneous abdominal adipose tissue. A recent 
study examined the effect of GH, in both the absence and 
presence of Dex on lipolysis by omental adipose tissue 
explants from obese women in primary culture. An en-
hancement of lipolysis by GH in the presence of Dex but 
not by Dex or GH alone was observed. There was also a 
significant further stimulation by GH in the presence of 
Dex of hormone-sensitive lipase, perilipin, lipoprotein
lipase and beta1 adrenergic receptor mRNA  [8] . In a
single-blinded, placebo-controlled, randomized in vivo 
study, GH and cortisol stimulate systemic and regional 
lipolysis independently and in an additive manner when 
coadministered in healthy men. 

  Glucocorticoids Effects on Hepatic Fatty Acid 

Metabolism 

 In humans, the effects of glucocorticoids on free fatty 
acid (FFA) are still controversial and the data available are 
not conclusive. In vivo studies showed that glucocorti-

coids have either no effect or stimulate lipolysis, whereas 
others report an inhibiting effect of glucocorticoids on 
the lipolytic activity  [6] . Moreover, in human studies 
these effects may be different in acute and chronic condi-
tions. An excellent and recent article reviews this com-
plex topic  [6] . Brief ly, in acute conditions such as stress, 
glucocorticoids increase whole body lipolysis, FFA up-
take, spillover and turnover resulting in a ‘hyperdynam-
ic fatty acid system’. On the contrary, during recovery 
from stress, because of the fall of catecholamines and hy-
perinsulinemia, lypolysis decreases and triacylglycerides 
storage increases in the liver and visceral adipose tissue. 
This latter condition with absence of counter-regulatory 
hormones and insulin resistance is the condition ob-
served in Cushing’s syndrome.

  The increase of FFA enhances the intracellular lipids 
stored in liver and muscle reducing glucose uptake, acti-
vating various serine kinases (JNK, IKK-  ) which phos-
phorylate serine sites on insulin receptors, thus resulting 
in decreased insulin signaling pathway [reviewed in  9 ]. 
Thus, there is a causal link between hepatic fat accumula-
tion and insulin resistance and this represents a further 
contribution to insulin resistance induced by glucocorti-
coid excess itself. Although these mechanisms have been 
demonstrated in vitro and in vivo in various animal 

Chronic Glucocorticoid Excess

Adipose tissue

• permissive effect on lipid mobilization by catecholamine action

• lipolysis increased

• adipogenesis activity increased (visceral fat)

• AMPK activity inhibited (visceral fat)

Release of

Free Fatty Acids (FFA) in portal circulation

Liver

• insulin resistance

• alteration of insulin signalling

• gluconeogenesis increased

• trialcyglycerides (TAG) storage and VLDL secretion increased

• de novo lipogenesis increased

• FFA  ‐oxidation inhibited

• AMPK activity increased

• hepatic steatosis

• lipoprotein Lipases (HSL and ATGL) activity and expression increased

(intracellular lipids phosphorylate serine sites on IRS ‐1)

  Fig. 1.  Glucocorticoids’ effect on adi-
pose tissue and hepatic fatty acid me-
tabolism.   
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Heart damage in hypercortisolism

 Increased risk heart failure, myocardial infarction

 Left ventricular hypertrophy, concentric remodeling

 Myocardial fibrosis: glucocorticoid + mineralocorticoid combined effect

 ECG: QT interval prolongation (cardiotoxic effect cortisol)

 Vaso-vagal alterations: increased parasympathetic activity

Muiesan MI et al, J AmColl Card  ‘03
Mihailidou AS et al Hypertension ‘09
Alexandraki KI et al. Clin Endocrinol ’11
Fallo F et al, JEI ‘09

Heart failure



Patients with Cushing’s Syndrome Have Increase Intimal-

Media Thickness at Different Vascular Levels: Comparison

with a Population Matched for Similar Cardiovascular Risk

Factor
N. Albiger, R.M. Testa, B. Almoto, M. Ferrari, F. Bilora, F. Petrobelli,  A. Pagnan,

F. Mantero, C. Scaroni

Horm Metab Res 2006, 38: 405-410



Patients Controls

before

after 1 year



The renin – angiotensin system

The mineralocorticoid activity

The sympathetic nervous system

The vasoregulatory system

The vascular factor





Psychiatric

disorders
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 Introduction 

 Cushing’s syndrome (CS) is associated with psychopa-
thology. The spectrum of behavioral abnormalities ob-
served in patients with CS ranges from severe depression 
to mania and can be present in both endogenous CS and 
in patients exposed to exogenous corticosteroids, which 
strongly suggests a causal role for corticosteroid excess in 
the initiation and consolidation of psychopathology. In 
this concise review, we will address the pathophysiology 
of the neuropsychiatric disorders observed in CS. In or-
der to emphasize the crucial role of corticosteroid excess 
in the control of mood and behavior and cognitive func-
tion, we will first discuss the data on psychopathology 
observed in active CS, then the effects of reduction of cor-
ticosteroid synthesis or action on psychopathology in CS, 
and, finally, the reversibility of psychopathology after re-
mission of glucocorticoid excess.

  Physiology and Pathophysiology of the Control of 

Behavior in Response to Stress 

 In order to put the behavioral abnormalities observed 
in CS into the right perspective, it is important to realize 
that cortisol (or corticosterone in the rodent) is the main 
mediator of the stress response  [1] . When an individual is 

 Key Words 

Cushing’s syndrome    Treatment    Depression    Mania    

Psychopathology    

 Abstract 

 Glucocorticoids are crucial in the initiation and consolidation 

of the stress response. Patients with active Cushing’s syn-

drome (CS) are exposed to excessive endogenous glucocor-

ticoid levels. In these patients, psychopathology is often be-

ing observed. The most common co-morbid disorder is ma-

jor depression, but to a lesser extent mania and anxiety 

disorders have also been reported. A severe clinical presen-

tation of CS often also includes depression. Reduction of 

 glucocorticoid synthesis or action, either with metyrapone, 

ketoconazole, or mifepristone, rather than treatment with 

antidepressant drugs, is generally successful in relieving de-

pressive symptoms, as well as other disabling symptoms. 

Following successful surgical treatment of hypercortisolism, 

both physical and psychiatric signs and symptoms improve 

substantially. However, it appears that patients do not com-

pletely return to their premorbid level of functioning and 

persistent impairment of quality of life and cognitive func-

tion has been reported despite long-term cure. At present, it 

is not clear whether, and to which extent, psychopathology 

still affects general well-being after long-term cure of CS. 
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modified



 CRH administration is classically
associated with depression

 An unsolved problem is the 
ineffectiveness of restoring a normal
level of CRH in the presence of high 
cortisol levels

 Major depression is a heterogeneous
syndrome: 
- increased level of CRH in depression

and anorexia nervosa
- significant decrease of CRH in 

“atypical depression” and Cushing

Depression & Pseudo-Cushing



  

SISTEMA PORTALE IPOTALAMO-IPOFISARIO

Increase
d ACTH

Increase
d CRH

Increase
d

Cortisol

Hypotheses of alcohol mechanisms in Pseudo-Cushing

Suprathalamic level

Different cortisol
metabolism in 
CRH-secreting
cells than other
somatic cells
after ethanol
exposure

Pituitary impaired responsiveness
caused by down-regulation of CRH
receptors or alchol interference at
receptor or post-receptor level



 Alcohol may influence the distribution of cortisol in the various blood compartments,
leading to an increase in the amount of serum-free cortisol

 In alcoholic elevated serum-free cortisol levels are maintained, probably because of
a defective resetting of the HPA axis

 The change in the cortisol distribution may influence the interaction between CBG and its
membrane receptor activating the second messenger system



Manifestation of alcohol-induced pseudo-Cushing

 Both clinical and biochemical

 Only clinical

 Only biochemical

 Abuse and astinence from alcohol represent an evidence of the cyclical
nature of Cushing (hormonal abnormalities disappear after a month
abstinence from alcohol)

 Only some alcoholics develop Pseudo-Cushing: < 5%
(different genetic background, different sensitivity to alcohol or cortisol)



Biochemical markers in Pseudo-Cushing

 Urinary free cortisol moderately elevated

 Dex test incompletely suppressed

 Circadian ritmicity blunted



 Midnight serum
or salivary cortisol

 Dexamethasone-CRH test

 Desmopressin test

Biochemical tests commonly used for the diagnosis
of Cushing and Pseudo-Cushing



(Attempt to) concluding remarks



Questions

1. Are depression symptoms, obesity, hirsutism, mestrual alteration
the cause of HPA axis alterations or a consequence of cortisol excess?

2. We can consider these conditions such as a new source of cortisol excess?

3. We need to revise the definition of Cushing including causes indirectly
related to the HPA axis?

4. We must provide a treatment to the Pseudo-Cushing beyond its resolution?



‘98

‘15

……

……



Definition of Pseudo-Cushing state

Clinical and/or biochemical hypercortisolism characterized by a 

temporary activation of the HPA axis involving different pathways


