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participate in the physiologic function of almost 
all organs and play a fundamental role in the stress 
response.5 Glucocorticoids exert their pleiotropic ef-
fects through their cognate receptor, which belongs 
to the steroid receptor family of the nuclear receptor 
superfamily.6 The glucocorticoid receptor functions 
as a ligand-activated transcription factor that influ-
ences the transcription rate of numerous genes through 
well-described genomic and less well understood non-
genomic actions.1,2,4-6 Since glucocorticoids contribute 
substantially to the steady state of the organism, it is 
generally accepted that glucocorticoid signaling is 
not merely a simplified signal transduction pathway 
but a complex homeostatic system that functions 
coordinately with other systems to help the organism 
cope with stressful stimuli.2,5,7

Homeostatic mechanisms, including the HPA axis, 
exert their effects in an inverted U-shaped dose-re-
sponse curve2,5,7 (Figure 1). Normal basal homeostasis 

or eustasis is achieved in the central, optimal range 
of the curve, whereas suboptimal effects may occur 
on either side of the curve and can lead to insufficient 
adaptation, a state that has been called allostasis or 
cacostasis.2,5,7 The latter states of hypofunction or 
hyperfunction of the HPA axis may have short-term 
or long-term adverse consequences for the individual 
and can lead to a compromised sense of well-being 
and/or performance.7-9 At the molecular level, any 
alterations in the glucocorticoid signal transduction 
are likely to result in impaired tissue sensitivity to 
glucocorticoids, which may present with clinical 
manifestations of glucocorticoid resistance or glu-
cocorticoid hypersensitivity (Table 1).10-14 One such 
allostatic condition is Primary Generalized Gluco-
corticoid Resistance.11-18

Pathophysiology  
and clinical manifestations 

Primary Generalized Glucocorticoid Resistance is 
a rare familial or sporadic allostatic condition in which 
almost all organs have a different degree of insensitivity 
to glucocorticoids.11-18 This decreased tissue respon-
siveness to glucocorticoids leads to compensatory 
activation of the HPA axis that causes hypersecretion 
of adrenocorticotropic hormone (ACTH) by the ante-
rior pituitary gland. The increased concentrations of 
ACTH cause adrenal cortex hypertrophy and activate 
the enzymatic biosynthetic pathway of cortisol, adrenal 
androgens [androstenedione, dehydroepiandrosterone 
(DHEA), and DHEA-sulfate (DHEAS)], and steroid 
precursors with mineralocorticoid activity (deoxycor-
ticosterone and corticosterone).11-18

Patients with Primary Generalized Glucocorticoid 

Table 1. Expected clinical manifestations in tissue-specific glucocorticoid excess or hypersensitivity and deficiency or resistance11

Target tissue Glucocorticoid hypersensitivity =  
Glucocorticoid excess

Glucocorticoid resistance =  
Glucocorticoid deficiency 

Central nervous system Insomnia, anxiety, depression, defective cognition Fatigue, somnolence, malaise, defective cognition
Liver + Gluconeogenesis, + lipogenesis Hypoglycemia, resistance to diabetes mellitus
Fat Accumulation of visceral fat (metabolic syndrome) Loss of weight, resistance to weight gain
Blood vessels Hypertension Hypotension
Bone Stunted growth, osteoporosis
Inflammation/immunity Immune suppression, anti-inflammation,  

vulnerability to certain infections and tumors
+ Inflammation, + autoimmunity, + allergy

Figure 1. The inverted U-shaped dose-response curve. Eustasis 
is achieved in the middle range of the homeostatic system activi-
ty, whereas allostasis or cacostasis occurs when the homeostatic 
system activity is deficient or excessive.
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