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Table 1S. Original studies investigating the mechanisms involved in the pathogenesis of hypertension induced by glucocorticoid excess. 
	
	
	Human Studies
	
	
	Animal Studies
	

	
	
	
	Reference
	
	
	Reference

	RENIN ANGIOTENSIN 
	
	↑ Angiotensinogen with:
	
	
	↑ Angiotensinogen with:
	

	SYSTEM (RAS)
	
	· Normal plasma renin activity (PRA) and plasma renin concentration in CS 

· Subjects: 12 untreated CS (5 M, 7 F, age 19-65 yr) vs. 6 NT (3M, 3F, mean age 31 yrs)  
· Subjects: 9 CS vs. 10 PA, 10 RVH, 10 EH, 10 NT 
· Subjects: 8 CS  

· Subjects: 12 CS 


	1, 
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2
, 3,4

	
	· Normal plasma renin activity  (PRA) and plasma renin concentration  in vivo in
Male rats treated with 3 mg/Kg/day of DEX, or Male dogs treated with 0.5 mg/kg/day of DEX 


	5

	
	
	· Suppressed plasma renin activity  (PRA) and plasma renin concentration  in vivo

· Subjects:  Exogenous CS: 6 NT treated with ACTH 0.5 mg i.m. 12 hr.ly or cortisol 50 mg 6 hr.ly for 5 days 

· Subjects:  14 CS (8 CD, 1 adrenal adenoma, 5 adrenal carcinomas,  4 M, 11 F) vs 14 NT vs. and 10 EH 
· Subjects:  Exogenous CS: 5 NT, 2 EH treated with cortisol (6 mg/h in F, 8 mg/h in M) for 5 days 
	6, 7,8
	
	
	

	
	
	↑ DBP in response to peripheral administration of Ang II  

· Intravenous ANGII infusion of 1 to 6 ng/kg per min. (10 min) Subjects: 12 untreated CS (5 M, 7 F, age 19-65 yr) vs. 6 NT (3M, 3F, mean age 31 yrs)  
· Intravenous ANGII infusion of 0.1 -3.0 ng/kg-1/min-1) Subjects: 9 CS vs. 10 PA, 10 RVH, 10 EH, 10 NT 
	1, 
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	↑ DBP in response to peripheral administration of Ang II
 In rats treated with DEX in vivo 
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	↑ AT-II 1A receptor in blood cells
· ↑ AT-II 1A expression before adrenalectomy,
↓ AT-II 1A  after adrenalectomy
Subjects: 7 CS (adrenal adenoma) vs 7 NT with renal cell carcinoma 
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	↑ AT-II 1A receptor in peripheral vasculature and the central nervous system 

In rats treated with DEX 
	


5, 12, 13 ADDIN REFMGR.CITE 

	MINERALCORTICOID 
	
	11β-HSD 2 saturation
	
	
	Enhanced Hypertensinogenicity of 
	

	ACTIVITY
	
	· ↑ THF + allo THF/THE ratio in CS
· ↑ UFF/UFE ratio in CS

Subjects: 22 CS (11CD, 9 EAS, 2 adrenal adenomas; mean age 48 ± 3yr; 6 M, 16 F) vs. 13 NT (mean age 38 ± 3yr; 3 M, 10 F)  [5/22 CS were on antihypertensive medication: no spironolactone or ACE inhibitors]
	14

	
	19-Nor-DOC infusion 
10-25 mcg/day for 2 weeks in Adrenalectomized spontaneously hypertensive rats 

	15

	
	
	· ↑ THF + allo THF/THE ratio

Subjects: 2 EAS (1 M, 53 yrs, 1 F, 68 yrs)
	16
	
	
	

	
	· 
	· ↓ plasma cortisol/cortisone ratio in renal vein, ↑ in hepatic vein in CS
↑ plasma cortisone in NT during cortisol infusion

Subjects: 24 CS (15 CD, 9 EAS, 2 adrenal adenomas) vs. NT 
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	· ↑↑ Urinary 19-Nor-DOC glucuronide excretion in CS, ↑in EH
Subjects: 14 CS (8 CD, 1 adrenal adenoma, 5 adrenal carcinomas,  4 M, 11 F) vs.  14 NT   and 10 EH 
	7

	
	
	

	
	
	↑ Plasma volume 
	
	
	↑  Epithelial Na Channel activity
	

	
	
	· ↑ Plasma volume with normal Na+ 

Subjects: 11 CD (7/11 hypertensive),9 with acromegaly, vs. 23 NT
	18
	
	(  Acute (↑ BP): ↓  Natriuresis with ↓ Plasma volume,  ↑ serum Na+  
(  Chronic (↑ BP): Normal natriuresis
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	· ↑ Plasma volume with increased Na+ 
Subjects: Exogenous CS: 6 NT injected with ACTH 0.5 mg i.m. every 12 h or cortisol 50 mg orally every 6 h for 5 days 
	6
	
	Chronic infusion via osmotic minipump with ACTH (2.5 µg/d) for 2 weeks in adult male rats


	

	
	
	
	
	
	Direct activation of MR signaling by corticosteroids in vascular smooth muscle cells 
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	Adult rats treated with corticosteroids
	

	SENSITIVITY TO CATECHOLAMINES
	
	↑ sensitivity to β receptor agonists (isoprenaline)
· Normal catecholamine levels, 

· Normal catecholamine receptor expression

Subjects: 11 CD (7/11 hypertensive),9 with acromegaly, 23 NT 18
	18
	
	↑ transcription and expression of α1B adrenergic receptors 

In hamster smooth muscle cells treated with DEX (10-6 M) 
	21 

	
	
	↑ sensitivity to β receptor agonists (isoproterenol) and 
↑ aberrant expression of β receptors in AIMAH subclinical CS 

Subject: 1 AIMAH with subclinical CS (M, 61yrs, hypertensive and diabetic)
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	↑ β2 adrenergic receptors in smooth muscle cell
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	Normal sensitivity to selective α1-adrenergic receptor agonist (phenylephrine) 
Subjects: 10 CS (8 F, 2 M,) vs 10 NT                                                      

	25
	
	
	

	VASOREGULATORY SYSTEM

	
	↑ Endothelin 1 (ET-1) 
Subjects:  13 CS (10 CD, 3 adrenal adenomas, 5 M, 8 F, median age 44,2±9,5 yr) vs. 13 NT  
	26

	
	Down regulation the of the Na₊/Ca2₊ exchanger in vascular smooth muscle cells (rat aortic myocytes); 

↑ cytosolic Ca₊₊  in vitro
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	↑ Erythropoietin (EPO) in GC treated subjects 
Subjects:  27 NT treated with cortisol 80 mg/day or 200 mg/day or placebo for 5 days.

↑ EPO, ↑ BP in  subjects treated with HD of cortisol 
	28
	
	
	

	
	
	
	
	
	
	

	
	
	↑ Circulating ANP
· Subjects: 10 CD,8 EH vs. 4 NT 

· Subjects:18 CS (9/18 ↑ ANP) vs. 40 NT
· Subjects:  6 NT treated with ACTH 0.5 mg i.m. 12 hr.ly or cortisol 50 mg 6 hr.ly for 5 days
· Subjects:  8 CD 

· Subjects:  16 CS vs. NT 

· Subjects:28 CS, 6 NT treated with high dose of prednisone vs. NT    
	29, 30, 
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	↑ ANP expression
In atrial tissue and plasma in adrenalectomized rats treated with DEX  in vivo


	34

	
	
	 ↓ ANP activity
· ↓ ANP Activity: ↓  response to plasma and urinary  cGMP to α-human-ANP infusion  in vivo 
	29
	
	↓ ANP activity 
↓ ANP-mediated cGMP formation 

In murine dexamethasone-treated VSMC cells in vitro 
	35

	
	
	· Normal ANP activity in vivo : α-human-ANP infusion (0.01 µg/kg/min for 20 min) in CS                                                                                                                                              
	36
	
	
	

	
	
	↓ Nitric Oxide Pathway 
	
	
	↓ Nitric Oxide Pathway
	

	
	
	· ↓ urinary excretion of nitrite and nitrate after administration of L-arginine in 1 CS vs 1 PA, 1 EH 
· ↓ plasma nitrate/nitrite 

Subjects: in 6 NT exogenous CS

In vitro studies:

· ↑ staining for eNOS and COX-1 

in sc tissue of patients with CS

Subjects: 8 CS, 12 EH, 12 NT
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· ↓ regulation eNOS synthase expression  

in two types of endothelial  cells (EA.hy 926 cells, human umbilical vein endothelial cell, in vitro): ↓ NOS III mRNA levels 
	5, 38, 
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, 
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	(  Suppression of nitrogen oxides (NOx) production by limiting the availability of  BH4 and L-arginine in endothelial cells CMEC 
(  Down-regulation endothelial NO synthase expression  in the aorta, liver and kidney  of glucocorticoid-treated rats and in bovine aortic endothelial cells ( in vitro): ↓ NOS III mRNA levels ↑BP  
(  ↓ NO2-/NO3- and ↑BP in wild-type (eNOS+/+) glucocorticoid-treated mice  vs eNOS knockout mice (eNOS-/-)

(  Inhibition of NOS with N-nitro-L-arginine (NOLA) and ↑BP in ACTH and DEX treated rats
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	↓ Urinary PGE2 

Subjects: 12 untreated CS (5 M, 7 F, age 19-65 yr) vs. 6 NT (3M, 3F, mean age 31 yrs)  
	1
	
	↓Urinary PGE2
In DEX treated rats and dogs in vivo 
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	↓ PGI2 production                                                                 
	44
	
	
	

	
	
	↓ Urinary kallikrein 

Subjects: 12 untreated CS (5 M, 7 F, age 19-65 yr) vs. 6 NT (3M, 3F, mean age 31 yrs)  
↑ Urinary kininase I, II, NEP 
	1 45
	
	↓Urinary kallikrein 

In DEX treated rats and dogs
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	VASCULAR FACTOR
	
	↑ VEGF

Subjects: 32 CS, 19 PHEO, 22 EH vs. 24 NT 
	47
	
	
	


CS: Cushing’s Syndrome, CD: Cushing’s Disease, EAS: Ectopic ACTH Syndrome, NT: Normotensive control, EH: Essential Hypertension, RVH: Renovascular Hypertension

Table 2S. Original studies investigating the pharmacological treatment of CS related hypertension, its resolution and the end-organ complications. 
	Reference 

	No of Subjects [Hypertension]
	Anti-hypertensives prior to surgery
	Surgical treatment of CS
	Medical treatment of CS
	High BP post-surgery
	Follow up 1 
	Follow up 2
	Effects on hypertension or end organs

	Saruta 1986 1

	12 CS: 12 AA  

(F/M= 7/5)

[All hypertensive]
	No
	Surgery
	
	
	
	1 year 
	Remission of hypertension in 10/12 CS 1 year after surgery

	Imai 198848
	16 CS: 11 CD, 4 AA, 1 EAS (F/M=11/6) 

[All hypertensive]

Control groups: 13 PA, 38 EH (drug free), 32+12 EH (treated)
	10/16 pts on Ca2+ antagonist plus diuretic, ACE –i, α-blocker and β-blocker, or other sympatholytic drug
	
	
	
	
	
	Medical treatment did not affect the pattern of circadian BP rhythm in CS or in patients with EH

	Zeiger 1993 49
	34 CS (14 EAS, 10 with failed treatment of CD, 9 AIMAH, 1 unknown  (F/M=26/8 mean age 38 years)

[19/34 Hypertensive]
	19/34 CS  
	34 CS: Bilateral adrenalectomy
	
	4/19 


	3 months
	67 months
	15/19 (79%)(3 CD, 7 EAS, 4 AIMAH, 1 unknown CS) had significant improvement: either off all anti-hypertensive or on reduced dose after operation;   6 /34 CS (EAS) died.

28/34 no recurrence of CS

	Fallo 1993 50
	40 CS (32 AH, 5 AA, 1 AC, 2 EAS)
[All Hypertensive:

Group 1 (28 CS)

Group 2 (12 CS)]
	Group 1:

Full dose (single or combination) of diuretics, calcium antagonist, ACE -inhibitors
	
	Group 1: 12/24 ketoconazole  added to anti-hypertensives

Group 2: only Ketoconazole 
	
	
	6 years
	Group 1:  4/28 CS normalization of BP with anti-hypertensive drugs; 11/24 CS normalization of BP with ketoconazole + anti-hypertensive drugs.

Group 2: in 11/12 normalization of BP.

	Zacherieva 1998 
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	7 CS: 7CD (F/M= 6/1 mean age 42 years
Control group:  7 EH 

[All hypertensive]s)
	Trandolapril (2 mg daily) for 8 days
	
	
	
	
	
	Remission of hypertension in CD on the fourth and eight days after administration of trandolapril. 

Insignificant changes in BP in EH

	Calvo Romero 1999 52 
	15 CS: 11 CD,2 EAS,1 AA, 1 AC

[6/15 Hypertensive]
	None / not described
	None
	Ketoconazole
	
	
	
	Normalization of UFC with control  BP in 5/6 Hypertensive CS

	Sapienza 1999 53
	48 AA (12 CS mean age 45 years, 12 PA mean age 36 years, 18 PHEO mean age 42 years, 33 F, 15 M)
[All Hypertensive: 24 <5 years; 24 > 5 years]
	All patients
	Adrenalectomy
	
	14/48 AA  (29%)

	
	77  months
	22/48 AA  (46%) remission of hypertension.  Degree of BP response depending on age at presentation (not on aetiology): 1) all <35 years stopped taking their anti-hypertensive drugs, 2) all pts 36-55 years reduced the doses postop, 3) all pts> 56 years kept their drugs unchanged after operation.

4/48 had a cardiovascular or cerebrovascular event

	Pecori Giraldi 2007 
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	12 CD (9 F, 3 M, age 33.3+/-2.36 years)

[5/12 Hypertensive]
	4/5 CD (diuretics, ACE-i, sartans,  calcium antagonist)
	Pituitary surgery
	
	4/5 


	<1 year
	2-3 years
	Absent nocturnal BP dipping and abnormal HR that did not resolve after first FU of hypercortisolism and showed only partial improvement in the long FU
Anti-hypertensive treatment was maintained in all 4 patients at 1 and 2  years of follow-up after resolution of CD.

	Gomez 200755
	71 CS: 50 CD and 21 AA (F/M= 60/11)

[All Hypertensive]
	
	Surgery
	19/71 CS Ketoconazole before surgery
	
	6-12 months
	18-24 months
	Remission of hypertension: 

53/71 (74.6%) (independent of etiology)

13/19 treated with ketoconazole alone before surgery (68%): while

5/19 had remission only after surgery;  and 1/19 no remission .

	Toja 2012 56
	71 CS: 65 CD, 4 AA, 2 EAS (F/M=61/10; age 40.1±1.46 years)

Group A- Active CS: 49

[30/49 Hypertensive]

Group B - Cured CS: 44

[10/44 Hypertensive]
	Group A: 47% on ACE –i/sartans; 36% CS on β-blockers;  30% CS on Ca2+ antagonists; 40 CS% on diuretics
	
	
	
	
	
	Group B: after remission of hypercortisolism, subjects still on anti-hypertensive drugs:

29% CS on ACE –i/sartans

25% CS on β-blockers,

12% CS on calcium antagonists,

33 CS% on diuretics


CS: Cushing’s Syndrome, CD: Cushing’s Disease, EAS: Ectopic ACTH Syndrome, AA: Adrenal Adenoma, AC: Adrenal Carcinoma, AIMAH: ACTH-independent macronodular hyperplasia, UFC: Urinary Free Cortisol, BP: Blood Pressure
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