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Snmmary--GlucocorUcold (GC) excess (Cusinng's syndrome) is assooated wRh hypertension 
m at least 70% of patients (m our senes 89/130), independently of the subtype (pituitary or 
adrenal) and the duration, but not of the age of the paUents Cardiovascular damage ~s qmte 
frequent m hypertensives, but ~s someUmes also present m normotens~ves The mortality of 
pauents with Cushing's syndrome is four times that of the general population when matched 
for age and sex, and much of this excess mortahty is caused by cardiovascular disease 
Hypertensmn remits m most of the paUents after successful treatment, but may persist m some 
Hypertensmn also occurs m 20% of patients treated wRh GC orally The type of hypertensmn 
is independent of salt uptake, can not be controlled by sp~ronolactone but is minbRed by a 
GC antagomst such as RU486 Expenmentally-mduced hypertension wth oral corUsol (F) is 
assocmted wth a nse in cardiac output, a fall in calculated total penpheral remtance, an 
mcreased forearm vascular responsiveness to exogenous norepmephnne, but no change m 
overall sympatheUc tone, or m norepmephnne reuptake The increased pressor responsiveness 
Is probably due to local postsynapt~c effector mcchamsms in the remtance vessels, winch could 
be ~mportant m phasic increases m neuronally mediated constnctor responses Both m patients 
w~th Cusinng's syndrome and m those on chromc GC treatment, the c~rcachan blood pressure 
vanaUons are absent or reversed Tins may contribute to the deletenous effects of the GC 
excess on blood vessels The vascular effects of the C_~ may be medmted by the actavat~on of 
specific cardmvascular receptors, by modulatmg vascular transport systems, or by altered 
catecholamlne or prostaglandm metabohsm C.~ may also act as nuneralocorticolds (MC) m 
fact type 1 MC receptors are unable, m wtro, to distmgmsh between aldosterone and cortisol 
The speclfiClty-confernng mechanism of typical target organs for MC (e g kddney)--ls thought 
to be due to the acUon of local 11-fl-hydroxysterold dehydrogenase, which converts F to 
bmloglcally reactive cortisone (E) When the actlwty of the enzyme Is ~mpa~red (syndrome of 
apparent MC excess, hquonce or carbenoxolone adn'nmstraUon), F acts as a MC and 
MC-hypertensmn vath hypokalemia occurs Furthermore, In the syndrome of dexamethasone- 
suppressible hyperaldosteronlsm, an abnormal elevataon of 18-hydroxy- or 18-oxo-F (possibly 
as a consequence of gene convemon between the 2 genes winch encode for 1 l-/~-hydroxylase 
m the zona fas~culata and glomerulosa, respecUvely) may contnbute to the circulating MC 
act~wty, that results ingher than expected by the measured levels of aldosterone, deoxycorti- 
costerone and F 

Hypcrtensmn is found m 70-80% of patients 
wRh Cushing's syndrome and its prevalence 
vanes shghtly w~th the cause of  hypcrcortlsohsm 
130 patients w~th Custung's syndrome of  differ- 
ent etaolog~es were stud~ed m our msututlon 
Hypertensmn was present m 64% of the 82 
pataents wtth pttmtary-dependent Cusiung's syn- 
drome and m 70% of those with adrenal ade- 
noma and with bilateral nodular hyperplasm 
(n = 38) All paUents with an adrenal carcinoma 
(n = 6) and ectopic ACTH (n = 4) source were 
hypertensive 
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The prevalence of  hypertension does not ap- 
pear to be related to the durauon of  the disease 
nor to the sex of  the paUents Hypertensive 
patients were slgmficantly (P < 0 05) older than 
normotenswe In a nunonty  of  cases with Cush- 
ing's disease a shght hypokalemla was observed, 
while Slgmficant chfferences between hypertenstve 
and normotens~ve patients were not observed 

However, 32% of hypertensive patients pre- 
senting w~th an adrenal adenoma and all of  those 
with adrenal ca ronoma or ¢ctoplc ACTH pro- 
ducUon had low serum potassmm levels. Few 
normotens~ve paUents with an adrenal adenoma 
were hypokalemlc Signs of  cardiovascular dam- 
age were observed in a htgh proportmn of  
hypcrtenswe paUents but also m several normo- 
tens~ve paUents [1] 
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The mortahty of patients w~th Cushing's 
syndrome is four times that of the general 
population when matched for age and sex, and 
much of this excess mortahty is caused by 
car&ovascular disease [2] It has been demon- 
strated in experimental stu&es that glucocortl- 
colds (GC) accelerate the development of 
atherosclerosls, promote direct endothehal cell 
damage and cause significant changes m vascular 
connective tissue Furthermore they increase 
cholesterol levels, facilitate the synthesis of 
tnglycerldes by the hver, decrease high density 
hpoprotelns (HDL) and Impair glucose toler- 
ance [3] 

Cortlsol (F) shows a marked mmeralocortl- 
cold (MC) actlwty at high concentrations due to 
its binding to type 1 receptors [4] However, 
hypokalemia occurs m a minority of patients 
w~th Cushing's syndrome and at a lower fre- 
quency than hypertension In a number of  
patients, especially those with an adrenal ade- 
noma, F ts the only steroid elevated, thus 
suggesting that this hormone, by itself, may have 
a pathogenetlc role m hypertension 

In experimental models, the hypertension re- 
duced by GC is not Na-dependent, and cannot 
be blocked by spironolactone, but only by the 
GC antagomst RU486 [5, 6] Experimentally-re- 
duced hypertension with F infusion is associated 
acutely with a rise m cardiac output, a temporary 
fall m calculated peripheral resistance and sub- 
sequently a rise, an increase of forearm vascular 
responsiveness to exogenous norepmephnne [7], 
but no change m overall sympathetic tone, or m 
norepmephrme uptake [8] The increased pressor 
responsiveness ~s probably due to local post- 
synapt~c effector mechamsms m the resistance 
vessels, which could be important in phasic 
increases in neuronally mediated constrictor 
responses 

Furthermore, m paUents with Cushing's syn- 
drome there is no nocturnal fall m blood pressure 
(BP), but m some there is even a rise The 
nocturnal fall in heart rate is present [9, 10] This 
has been confirmed also m several cases m our 
recent study [11] Even exogenous GC abolished 
the circa&an BP rhythm m paUents with chromc 
glomerulonephntls or systemic lupus erythe- 
matosus [9] 

The abnormalmes may be related &rectly to 
the lack of circadian rhythm of  GC or more hkely 
to the effect of  &sturbance of  the hypothalamlc 
nervous functions For  example, GC modulate 
the synthesis ofneurotransmltters and the vascu- 
lar response to catecholamlnes This may con- 

tribute to the deleterious effects of  GC excess on 
blood vessels 

The vascular effects of the GC may be medi- 
ated by the actwaUon of  specific cardiovascular 
receptors [12] (see below), by modulating the 
vascular transport system [13], or by alterated 
catecholamine or prostaglandm metabohsm [14] 
Reduced activity of  the depressor systems, such 
as the prostaglandms (PGs) and kalhkrem-kmm, 
rmght contribute to hypertension m Cushing's 
syndrome [15] GC reduce the synthesis of  an 
lntracellular protein, macrocortln Th~s acts to 
inhibit phosphollpase A2 and thereby prevent 
the release ofarachldomc acid [15] The expected 
effect of  hypercortlsohsm therefore would be the 
suppression of  both PGs and leukotnens and the 
modification of lntrarenal regulatory mechan- 
isms with a possible influence on BP 

In paUents with Cushing's syndrome excesswe 
producUon of F is known to increase the for- 
matlon of  renm substrate, i e angaotenslno- 
gen [16] GC could increase plasma renm m man, 
as shown in rats gwen methylpredmsolone [17] 
However, plasma renm actwlty (PRA) tends to 
be normal or low and responds normally to 
various stimuh Also in our patients, PRA was 
normal or low and only m a few cases higher than 
normal [18] No slgmficant &fferences were ob- 
served between normotenslve and hypertenswe 
paUents However, captoprfl, an ang~otensm- 
converting-enzyme (ACE) lnhlbltor which re- 
duces BP m experimental GC hypertension [19], 
had an hypotenswe effect m some patients [20] 
Furthermore, increased pressor response to an- 
glotensln II m patients with Cushing's syndrome 
and m ammals gwen dexamethasone has been 
demonstrated [21] 

No more than 20% of patients on synthetic 
GC treatment develop hypertension Th~s may be 
due to the characteristics of the steroid employed 
(more or less anti-inflammatory vs salt-retamlng 
properties) or of the patients (renal insufficiency, 
renal transplanted patients are more susceptible 
to hypertension) [6] 

In fact, in the prehn~nary results of  a study 
on cardmc transplanted patients by our group, 
we have demonstrated that the only parameter 
which is slgmficantly correlated with the develop- 
ment of posttransplant hypertension is the GC 
treatment [22] 

HYPERTENSION DUE TO ABNORMAL 
F METABOLISM 

If  F by itself is responsible for hypertension in 
Cushing's syndrome, it is not clear why m our 
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senes no slgmficant differences In unnary F 
levels were found between hypertensive and 
normotenslve paUents, and no s~gmficant corre- 
laUon between BP and unnary F levels was 
observed It cannot be excluded that 18-oxo 
compounds of F can play a contnbutwe role 
in the hypertension of Cushing's syndrome, as 
well as a functional failure of 11-/Lhydroxy- 
steroid dehydrogenase (ll-fl-SD), the enzyme 
which converts F to bmlog~cally inactive corti- 
sone (E), which results in an Increased mtrarenal 
free F that is able to brad type 1 MC recep- 
tors [23] 

This is the mechamsm which ~s probably 
acting in the apparent MC excess (AME) syn- 
drome This syndrome, first described by Uhck 
and New In 1979 [24], is characterized by the 
association of an unexplained hyper-MC chnl- 
cal state and a defective peripheral metabolism 
of F 

Low renm hypertensmn and hypokalem~c 
alkalosls along with excessive transeplthellal 
sodium flux occur in the face of subnormal 
levels of aldosterone and other known MC 
Plasma F levels are normal but further admlms- 
tratlon of F or ACTH exacerbate hypertension 
and hypokalemla A genetic defect of the 
11-/~-SD enzyme system results m an Inadequate 
conversmn of F to E Due to the alterated 
enzyme kinetics, F half-hfe is prolonged 
Normal free and bound F levels are maintained 
by normal CBG levels together with low F 
secretion rates Dlagnos~s of the disease is based 
on the high ratio of the sum of THF + Allo 
THF/THE,  in the face of a low F secretion 
rate [23] 

The proposed mechanism of hypertension is 
based on the recent acqmsmons in the specificity 
of cortlcosterold receptor Interactions 

A receptor structurally Identical to the renal 
type 1 MC receptor obtained from non-renal 
sites such as rat hlppocampus, aorta, human 
monocytes or by cloning demonstrated equally 
high binding affinity for GC and MC [4] This 
ewdence of the MC potentml of F raised the 
question of how MC target tissues nught be able 
to respond specifically to aldosterone m the 
presence of much larger amounts of c~rculatlng 
F It was to this question that studies of the 
inborn error in the syndrome of MC excess 
provided the most plausible explanation 
Edwards [23] suggested that lmpmred peripheral 
metabolism in the disorder exposes the kidney 
to unox~dlzed F, unmasking its MC potential 
This hypothesis Implied that the normal 

mechamsm pernuttmg recogmtlon of the renln 
anglotensm-dependent aldosterone signals in- 
volves oradatmn of F at or near MC target 
tissue sites The presence of 11-fl-SD lmmuno- 
reactlwty has recently been demonstrated in 
cardmc and vascular smooth muscle cells, as has 
expression of mRNA of the same enzymes in 
vascular smooth muscle [24], thus the actwlty of 
11-fl-SD may also indicate the access of F 
to vascular GC as well as MC receptors 
Actwlty of flus enzyme could then influence 
GC regulation of cardiac output, penpberal 
resistance and BP 

We have recently described [25] a new vanant 
of this syndrome (type 2) in 3 patients, in whom 
all the features of the syndrome were present 
except for the F/E metabohte ratio, which was 
normal (respectively, 1 4, 1 42, 1 25, nv 1-1 5), 
in sp~te of a markedly reduced F turnover 
quotient (29-24-21, nv 250 + 50) 

A possible explanation of this finding could 
be that a conconutant defect of the reductmn 
(11-keto-reductlon of E to F) nught mask a 
defect of the 11-fl-SD, leading to a normal ratio, 
as suggested by Stewart et al [26] in the case of 
carbenoxolone[5] An alternatwe and more 
likely mechamsm could revolve an lmpmrment 
of A nng reductmn in addition to 11-hydroxy- 
oxldaUon decrease 

In both cases, It is likely that a delayed 
removal of the GC from strategic receptor sites 
unmasks its potential agomsm Evidence for 
this is also provided by the correctmn of signs 
of MC excess by a low dose of dexamethasone 
in all the patients detected 

The same mechamsm which causes the hyper- 
tension in AME is hkely to be involved in 
individuals who ingest excessive amount of 
liquorice or carbenoxolone Glycyrrhmc and 
glycerretlnlC acid or their denvates, besides their 
intrinsic activity, inhibit the same enzyme, 
namely the 11-fl-SD and probably other en- 
zymes involved in F metabohsm It produces the 
same features of hypertensmn, hypokalemm, 
suppressed renln activity and aldosterone [27]. 
The bmchemlcal abnormahtles are the same 
in hquonce-lnduced hypertension, whereas car- 
benoxolone falls to induce any change m the 
THF/THE ratio, m spite of an overall decrease 
of the F metabollte which num~cs the findings to 
type II AME-syndrome [25] 

Another form of exogenous GC-MC 
excess is due to the use of excessive amount of 
9-~-fluoro-hydroE for the treatment of ortho- 
static hypotenslon or, more frequently, at least 
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m some countries including Italy, due to the 
abuse of  topical products  (nasal spray, dermato-  
logical cream, e t c )  con tamlng  9-~-fluoro- 
prednlsolone [28] 

The use of  these drugs as anU-lnflamatory 

compounds ,  which have a M C  receptor aflimty 
and  a blologacal acUwty s~mllar to aldosterone, 
has been for years the cause of several cases 
of very severe hypokalemm and  hypertension 

After withdrawal,  the suppressed P R A  and  
aldosterone and  serum potassmm values are 
n o n n a h z e d  within 2 weeks, whereas BP takes 

much longer to re turn to normal  Only recently 
after the recogmtlon of  their potentml  hazard,  
the incidence of  such cases has progressively 
decreased 

A peculiar form of mixed G C  and  MC 
hypertenston ~s the syndrome of  dexametha-  
sone-suppress~ble hypera ldos te romsm--where  

to a mdd mcrease of aldosterone corresponds 
extremely elevated levels of 18-oxo- and  18- 
hydroxy F, steroids with both G C  and  M C  
actw~ty The pathogenes~s is p robably  related to 

some abnormaht les  of  one or both  the genes 

(11-fl~-I 1-f12) which encode for the two enzymes 
11-hydroxylase and  18-ox~dase The end results 
would be an abnorma l  A C T H - d e p e n d e n t  18- 
ox~dase of both aldosterone and  F [29, 30] 
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