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Endogenous/exogenous Cushing’s syndrome is
characterized by a cluster of systemic manifestations of
hypercortisolism, which cause increased cardiovascular risk.
Its biological basis is glucocorticoid excess, acting on
various pathogenic processes inducing cardiovascular
damage. Hypertension is a common feature in Cushing’s
syndrome and may persist after normalizing hormone
excess and discontinuing steroid therapy. In endogenous
Cushing’s syndrome, the earlier the diagnosis the sooner
management can be employed to offset the deleterious
effects of excess cortisol. Such management includes
combined treatments directed against the underlying cause
and tailored antihypertensive drugs aimed at controlling
the consequences of glucocorticoid excess. Experts on
endocrine hypertension and members of the Working
Group on Endocrine Hypertension of the European Society
of Hypertension (ESH) prepared this Consensus document,
which summarizes the current knowledge in epidemiology,
genetics, diagnosis, and treatment of hypertension in
Cushing’s syndrome.

Keywords: adrenocorticotrophic hormone, adrenal cortex,
cardiovascular, consensus, cortisol, Cushing, glucocorticoid,
hypertension, pituitary, position statement

Abbreviations: 113-HSD1, 1B-hydroxysteroid
dehydrogenase type 1; 11B-HSD2, 11B-hydroxysteroid
dehydrogenase type 2; Tmg DST, 1Tmg dexamethasone
suppression test; 24h UFC, 24h urinary free cortisol;
ABPM, ambulatory blood pressure monitoring; ACE-,
angiotensin-converting enzyme inhibitor; ACS,
autonomous cortisol secretion; ACTH, adrenocorticotrophic
hormone; All, angiotensin II; AIP, aryl hydrocarbon receptor
interacting protein; ARB, angiotensin receptor blocker;
ARMC5, armadillo repeat containing 5; ATRRX, alpha
thalassemia/mental retardation syndrome X-linked
chromatin remodeler; BP, blood pressure; BRGT,

Journal of Hypertension

b, Przemyslaw Witek®, and Martin Reincke®

Journal of Hypertension 2022, 38:000-000

“Clinica Medica 3, Department of Medicine, University of Padova, Padova, Unit of
Endocrinology and Diabetes Prevention and Care, Department of Medical and
Surgical Sciences, University of Bologna, “IRCCS Azienda Ospedaliero-Universitaria
di Bologna, Bologna, Italy, YDepartment of Endocrinology, Diabetology and Clinical
Nutrition, University Hospital Zurich (USZ) and University of Zurich (UZH), Zurich,
Switzerland, *Medizinische Klinik und Poliklinik 1V, LMU Klinikum, Ludwig-Maximi-
lians-Universitdt Mnchen, Munich, Germany, "Leiden University Medical Center and
European Reference Center for Rare Endocrine Conditions (Endo-ERN), Leiden,
Netherlands, 9Aix Marseille Universite, Marseille Medical Genetics, INSERM, "Assist-
ance Publique Hopitaux de Marseille, 'Department of Endocrinology, La Conception
Hospital, Marseille, France, 'Department of Endocrinology, University Specialized
Hospital for Active Treatment in Endocrinology (USHATE) “Acad. Ivan Penchev”,
Medical University - Sofia, Sofia, Bulgaria, “Division of Endocrinology and Diabetes,
Department of Internal Medicine, University Hospital, University of Wrzburg,
Wrzburg, Germany, 'Department of Experimental Medicine, Sapienza University of
Rome, Rome, Italy, "Department of Endocrinology, University Hospital Centre Zagreb,
Zagreb University School of Medicine, Zagreb, Croatia, "Centre for Endocrinology,
William Harvey Research Institute, Barts and the London School of Medicine and
Dentistry, Queen Mary University of London, London, °Department of Oncology and
Metabolism, Medical School, University of Sheffield, PDepartment of Endocrinology,
Royal Hallamshire Hospital, Sheffield Teaching Hospitals NHS Foundation Trust,
Sheffield, UK, 9Department of Cardiovascular, Neural and Metabolic Sciences Istituto
Auxologico Italiano, IRCCS, Department of Medicine and Surgery, University of
Milano-Bicocca, Milan, Italy, *ENDOC Center for Endocrine Tumors, Hamburg,
Germany and University of Duisburg-Essen, Essen, Germany, ‘Dipartimento di Medic-
ina Clinica e Chirurgia, Sezione di Endocrinologia, Universita Federico Il di Napoli,
“Dipartimento di Medicina Clinica e Chirurgia, Sezione di Endocrinologia, Unita di
Andrologia e Medicina della Riproduzione e Sessualita Maschile e Femminile (FERTI-
SEXCARES), Universita Federico Il di Napoli, “Unesco Chair for Health Education and
Sustainable Development, “‘Federico II'" University, Naples, Italy, “Institute of Medi-
cine, Sahlgrenska Academy, University of Gothenburg, *Department of Endocrinolo-
gy, Sahlgrenska University Hospital, Gothenburg, Sweden, YCHU de Bordeaux, Hopital
Haut Leveque, University of Bordeaux, Bordeaux, France, “Department of Endocrinol-
ogy and Diabetes, Evangelismos Hospital, Athens, Greece, ®*Endocrinology Unit,
Hospital Germans Trias i Pujol, Badalona, ®°Research Center for Pituitary Diseases
(CIBERER Unit 747), Hospital Sant Pau, Barcelona, Spain and “Department of Internal
Medicine, Endocrinology and Diabetes, Mazovian Brodno Hospital, Medical University
of Warsaw, Warsaw, Poland

Correspondence to Guido Di Dalmazi, MD, Unit of Endocrinology and Diabetes
Prevention and Care, Department of Medical and Surgical Sciences - University of
Bologna, IRCCS Azienda Ospedaliero-Universitaria di Bologna, Via Massarenti, 9,
40138 Bologna, ltaly. Tel: +39 51 2143009; fax: +39 51 2143080; e-mail: guido.
didalmazi@unibo.it

Received 8 March 2022 Revised 16 May 2022 Accepted 16 June 2022

J Hypertens 40:000-000 Copyright © 2022 Wolters Kluwer Health, Inc. All rights
reserved.

DOI:10.1097/HJH.0000000000003252

www.jhypertension.com 1

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


mailto:guido.didalmazi@unibo.it
mailto:guido.didalmazi@unibo.it

Fallo et al.

brahma-related gene-1; CABLES1, Cdk5 and Abl enzyme
substrate 1; cAMP, cyclic adenosine monophosphate; CD,
Cushing’s disease; CRH, corticotropin-releasing hormone;
CS, Cushing’s syndrome; CT, computerized tomography;
DICER1, Dicer 1, ribonuclease Ill; ENaC, epithelial sodium
channels; GIP, gastrointestinal peptide; GNAS, guanine
nucleotide-binding protein G(S) subunit alpha; HSP90, heat
shock protein 90; HU, Hounsfield units; KDM1A, lysine
demethylase 1A; LC-MS/MS, liquid-chromatography
tandem mass spectrometry; LNSC, late-night salivary
cortisol; LV, left ventricle; LVH, left ventricular hypertrophy;
MEN, multiple endocrine neoplasia; MR, mineralocorticoid
receptor; NR3C1, nuclear receptor subfamily 3 group C
member 1; OSA, obstructive sleep apnea; p27/Kip1, cyclin-
dependent kinase inhibitor 1B; PDE11A, phosphodiesterase
11A; PKA, protein kinase A; PMAH, primary macronodular
adrenal hyperplasia; POMC, pro-opiomelanocortin;
PRKACA, protein kinase cAMP-activated catalytic subunit
alpha; PRKAR1TA, protein kinase cAMP-dependent type |
regulatory subunit alpha; TP53, tumor protein p53; USP48,
ubiquitin-specific peptidase 48; USP8, ubiquitin-specific
peptidase 8; VHL, Von Hippel Lindau

INTRODUCTION

ushing’s syndrome is characterized by a cluster of
( systemic manifestations of hypercortisolism, which

cause increased cardiovascular risk. Hypertension is
a common feature of Cushing’s syndrome and paramount
to its cardiovascular morbidity and mortality. Experts on
endocrine hypertension and members of the Working
Group on Endocrine Hypertension of the European Society
of Hypertension (ESH) prepared this Consensus document,
which summarizes the current knowledge in epidemiology,
genetics, diagnosis, and treatment of hypertension in
Cushing’s syndrome.

EPIDEMIOLOGY AND NATURAL
HISTORY OF HYPERCORTISOLISM

Cushing’s syndrome is a condition that summarizes the
consequences of prolonged exposure to excessive exoge-
nous or endogenous glucocorticoids [1]. Exogenous or
iatrogenic Cushing’s syndrome is far more common than
endogenous Cushing’s syndrome and is because of the
wide use of systemic and topical glucocorticoids [2]. Devel-
opment of exogenous Cushing’s syndrome depends on
several factors, including cumulative dose, modes of deliv-
ery, and potency of glucocorticoids, as well as the individ-
ual sensitivity to glucocorticoids and concomitant use of
agents potentially increasing their bioavailability [3]. Al-
though the onset of the features related to the excess of
glucocorticoids is usually rapid in iatrogenic Cushing’s
syndrome, high inter-individual variability in the sensitivity
to glucocorticoids has been observed, making it difficult to
predict the effects of chronic corticosteroid treatment in
each patient [4]. This consensus statement, however, focus-
es primarily on endogenous Cushing’s syndrome.
Endogenous Cushing’s syndrome is usually caused by
excessive adrenocorticotrophic hormone (ACTH) release
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from a pituitary corticotroph tumor (Cushing’s disease) and,
less frequently, by ectopic ACTH or CRH production, the
latter extremely rare. In around 20% of cases, Cushing’s
syndrome can also be ACTH-independent, caused by ad-
renocortical tumors or hyperplasia [1].

The incidence of endogenous Cushing’s syndrome in the
general population is low [0.7-2.4 per million population
per year), although the prevalence may be higher (2—-5%) in
special populations, including patients with difficult to
control type 2 diabetes or hypertension] [5-8]. An adrenal
incidentaloma may be detected in 0.2-7% of patients
undergoing abdominal imaging, of whom between 5 and
50%, depending on the diagnostic criteria used, may have
evidence of autonomous cortisol secretion (ACS) [9,10].

A female preponderance (female-to-male ratio of 4-5:1)
has been reported for pituitary and benign adrenal Cushing’s
syndrome but the clinical picture may be worse in male
individuals [11]. Mean age at diagnosis is 44 years, and
patients with adrenal Cushing’s syndrome are slightly older
than those with Cushing’s disease [11].

A two to five times increase in mortality has been
described in untreated Cushing’s syndrome, especially in
those with type 2 diabetes and/or hypertension, as com-
pared with the general population [5,12,13]. Although most
deaths occur within the first year after the diagnosis because
of infections and cardiovascular disease, mortality rate
remains elevated in Cushing’s syndrome even for long time
after resolution of hypercortisolism [12,14,15]. Indeed,
‘cured’ Cushing’s syndrome patients show sustained sys-
temic problems, including an impaired quality of life [106],
the severity of which is associated with the length of prior
exposure to glucocorticoid excess, often reflected by a
delay in diagnosis of at least 2—3 years [16,17].

COMORBIDITIES, OVERALL
CARDIOMETABOLIC RISK, AND
MORTALITY

Hypercortisolism causing Cushing’s syndrome has detri-
mental systemic effects that result in increased risk for
several serious comorbidities, including cardiocerebrovas-
cular and metabolic diseases, osteoporotic fractures, severe
infections, pulmonary embolism, and major depression
[18,191.

The majority (80—85%) of patients with Cushing’s syn-
drome have hypertension at diagnosis [11,20], and 9% may
have required hospital admission because of hypertensive
crisis before they were diagnosed with Cushing’s syndrome
[21]. Diabetes mellitus is also commonly observed (35-50%
of the patients) [11,20,22], as is dyslipidaemia (40—70%)
[19,20,22,23]. Furthermore, patients with active Cushing’s
syndrome have left ventricular hypertrophy (LVH) and
diastolic dysfunction [24], as well as increased carotid inti-
ma—media thickness, and smaller systolic lumen diameter
compared with controls [23]. Atherosclerotic plaques in the
common carotid artery are present in one-third of patients
with Cushing’s syndrome, compared with 6% of controls
matched for age and BMI [23]. Following treatment for
Cushing’s syndrome, the prevalence of hypertension and
diabetes mellitus decreases, dyslipidemia improves, inti-
ma-media thickness decreases, and LV structure and
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function is often restored [22—-24]. However, despite these
improvements, patients with Cushing’s syndrome in remis-
sion for 1 year still have ongoing adverse cardiometabolic
risk profiles compared with controls [22,23], and coronary
calcifications and noncalcified plaques are more prevalent
than in controls at long-term follow-up (mean 11 years) [25].
Two nationwide studies from Scandinavia illustrate
the clinical impact of hypercortisolism and the burden
of multisystem comorbidities in patients with Cushing’s
syndrome. In Denmark, patients with active Cushing’s
syndrome had a seven-fold increased risk of venous throm-
boembolism because of hypercoagulable state, a six-fold
increased risk of heart failure, a four-to-five-fold risk of
stroke and a three-fold risk of fractures, compared with the
background population [12]. Also, during long-term follow-
up after treatment, a three-fold increased risk of acute
myocardial infarction was observed. Similar results were
found in a recent study from Sweden where the risk for
pulmonary embolism, deep vein thrombosis, and sepsis
remained five to six times higher after treatment, whereas a
three-fold increased risk for stroke was observed [20].

Given the above data, it is not surprising that patients
with Cushing’s syndrome have more than two-fold in-
creased mortality compared with the general population
[13,15,27]. The mortality rate is the highest in patients who
are not in remission following treatment (five-fold to seven-
fold increase) but is also increased during long-term follow-
up in patients in remission [15,27]. Both hypertension and
diabetes mellitus have been found to be independent
factors associated with increased mortality in some studies
[13,28], as well as the rapidity to control the disease [29]. The
commonest cause of death in the perioperative period is
severe infections [14,30]; however, all cause of death is
mainly related to cardiovascular disease. In a large nation-
wide Swedish study including 502 patients with Cushing’s
disease, 133 deaths were observed, compared with 54
expected from the general population, giving a standard-
ized mortality rate of 2.5 (95% confidence interval 2.1-2.9)
[15]. Of the 133 deaths, 63 were because of cardiovascular
diseases, including 32 deaths because of ischemic heart
disease and nine because of ischemic stroke [15].

Patients with exogenous Cushing’s syndrome seem to
have the same adverse cardiometabolic risk profile as
patients with endogenous Cushing’s syndrome [31]. Re-
markably, that data from iatrogenic Cushing’s syndrome
patients, even without diabetes, suggest that metformin
treatment is effective to reduce cardiovascular and meta-
bolic risk factors [32].

ETIOLOGY AND NEW GENETIC ASPECTS

Pituitary tumors

Corticotroph tumors of the pituitary gland are monoclonal
neoplasms that are mainly sporadic; rarely they are part of
genetic syndromes, including multiple endocrine neoplasia
(MEN)1 and AIP-negative familial isolated pituitary adeno-
ma [33-35]. Patients with DICER1 syndrome may develop
ACTH-secreting pituitary blastomas with very low pene-
trance [36]. Case reports described patients with Carney
complex and Lynch syndrome with corticotroph adenomas
and patients with corticotroph adenomas with somatic
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GNAS gene mutation [37,38,35]. Partial resistance to nega-
tive glucocorticoid feedback is a hallmark of Cushing’s
disease [39]. The NR3C1 gene that encodes for glucocorti-
coid receptor is mutated in around 6% of corticotroph
tumors [40] and the expression of factors facilitating and
mediating glucocorticoid feedback, including HSP90,
BRG1, p27/Kipl, and CABLES1 are dysregulated at the
posttranscriptional/posttranslational level [41-45]. More
than half of corticotroph tumors carry somatic mutations
in the genes encoding for the USP8 (~50%) and USP48
(~10%) deubiquitinases [46—48]. Patients with USPS mutant
tumors not only have a distinct clinical profile characterized
by smaller and less invasive tumors but also increased
incidence of recurrence [47,49,50]. USP8 wild type macro-
adenomas and aggressive corticotroph tumors may carry
TP53 and ATRX mutations [48,51,52]. The role of additional
germline or somatic genetic alterations remains to be fur-
ther studied [53,54].

Ectopic Cushing’s syndrome

Ectopic Cushing’s syndrome could be because of ACTH or
rarely CRH secretion from lung or thymic neuroendocrine
tumors, pheochromocytoma, medullary thyroid carcinoma,
olfactory neuroblastoma [55], or, in a few cases, as part of
MENT1, MEN2, MEN4 (rarely), and Von Hippel Lindau (VHL)
syndromes [38]. USPS mutations were not detected in
tumors causing ectopic Cushing’s syndrome [50].

Adrenocortical tumors

ACTH-independent adrenocortical sources of cortisol excess
include cortisol-producing adrenal adenomas, adrenocorti-
cal carcinomas, and bilateral micronodular and macronod-
ular adrenal hyperplasia. In cortisol-producing adenomas,
up to two-thirds of these tumors bear a somatic recurrent
mutation p.L206R in the PRKACA gene, encoding the catalytic
subunit a of protein kinase A (PKA) [57-59]. In contrast,
PRKACA negative cortisol-producing tumors are genetically
less defined [60]. Similarly, cortisol production of adrenocor-
tical carcinoma is not associated with the presence of a
specific genetic fingerprint[61,62]. The particular importance
of cAMP-PKA-dependent pathways in the regulation of ad-
renocortical glucocorticoid production is further substantiat-
ed by the presence of germline mutations in the PKA
regulatory subunit gene, PRKARIA, in adrenal Cushing’s
syndrome associated with Carney complex [63] and muta-
tions in phosphodiesterases (PDE11A) that contribute to a
variety of adrenal lesions [64]. Loss-of-function mutations in
the ARMC5 gene are the most common genetic cause of
Cushing’s syndrome because of primary macronodular ad-
renal hyperplasia (PMAH) with a combination of germline
and somatic mutations [65]. Cortisol excess in patients with
PMAH may be mediated by ectopic hormone receptors in
adrenal glands [66], with inactivation of KDM1A gene being
recently identified in the gastrointestinal peptide (GIP)-de-
pendent Cushing’s syndrome [67,68].

CLINICAL FEATURES

(a) Phenotype of overt Cushing’s syndrome
The spectrum of the Cushing’s syndrome phenotype varies
from mild to severe, and this depends on duration and
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severity of hypercortisolism, age and sex of the patient, and
underlying cause. In moderate or severe cases, signs and
symptoms of Cushing’s syndrome are invariably present
[69-71] (Supplementary Table 1, http://links.lww.com/
HJH/C37).

Clinical features include weight gain with centripetal
distribution of the body fat (with or without obesity),
dorsocervical fat pad (‘buffalo hump”), round (‘moon’) face,
and facial plethora. The most specific features of Cushing’s
syndrome phenotype are because of the increased protein
catabolism and include purple abdominal striae, skin thin-
ning, proximal muscle weakness with severe fatigue, easy
bruising, and osteoporosis resulting in increased fracture
risk. Gonadal dysfunction is common in both sexes with
female patients presenting with menstrual irregularities,
loss of libido, hirsutism and acne, and with male patients
presenting low libido and erectile dysfunction. Neuropsy-
chiatric symptoms include cognitive impairment, major
depression, and psychosis, including risk of suicide. More-
over, because of immunosuppression, Cushing’s syndrome
patients are prone to infections. In addition, cortisol excess
predisposes to less-specific signs and comorbidities com-
monly encountered in the general population, such as
hypertension, prediabetes, and diabetes, a hypercoagula-
ble state and dyslipidemia. From a clinical standpoint, the
most discriminatory clinical features facilitating a diagnosis
of Cushing’s syndrome are easy bruising, muscle weakness,
facial plethora, and purple abdominal striae [11,69,72,73].

In general, the clinical phenotype has only minor differ-
ences amongst patients with various causes of Cushing’s
syndrome. However, the presentation of patients with
malignant tumors causing the ectopic ACTH syndrome,
for example, ACTH-producing small-cell lung carcinomas,
differ from those observed in typical pituitary or adrenal
forms of Cushing’s syndrome: the dominant clinical features
are a rapidly progressive appearance of weight loss, physi-
cal wasting, and myopathy accompanied by skin hyperpig-
mentation, hypokalemia with metabolic alkalosis, and
glucose intolerance. In cases of well differentiated neuro-
endocrine tumors, however, symptoms may develop more
slowly and resemble typical symptoms of CD [74-77]. In
children, a most discriminating manifestation is growth
retardation and delayed or pseudoprecocious puberty,
caused by cortisol and androgen excess [78].

(b) Adrenal incidentaloma and autonomous
cortisol secretion

ACS is the most frequent hormonal alteration in adrenal
incidentalomas, affecting up to 40—50% of patients [79]. As
these patients do not present with classic features of excess
cortisol, diagnosis is predominantly biochemical and is
mainly based on the inadequate cortisol suppression by
the 1mg overnight dexamethasone suppression test [9].
Notably, clinical progression to overt Cushing’s syndrome
is extremely low; a recent study showed that only 0.2% of
patients with ACS developed overt cortisol hypersecretion
[80].

Despite the absence of typical Cushing’s syndrome
symptoms and signs, several but not all retrospective
cross-sectional and follow-up studies demonstrated that
ACS is associated with an increased cardiovascular and
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all-cause mortality proportional to the degree of cortisol
excess [71,80-86]. A higher prevalence of hypertension,
impaired glucose tolerance and type 2 diabetes, dyslipide-
mia, osteoporosis, and vertebral fractures along with de-
cline in the quality of life has also been described in
comparison to the general population [87-90]. However,
at the individual level, the likelihood of developing certain
comorbidities varies, and is associated with the degree and
duration of exposure to mild cortisol excess, as well as with
tissue sensitivity to glucocorticoids, partly related to poly-
morphisms of the glucocorticoid receptor gene [91]. More-
over, the steroid secretory profile may also affect the clinical
phenotype. The concomitant secretion of corticosterone
depicted by the analysis of steroid profiles by liquid-chro-
matography tandem mass spectrometry (LC-MS/MS), along
with ACS, resulted in a more aggressive presentation in
terms of resistant hypertension phenotype [92].

Hypertension is the commonest comorbidity associated
with ACS, being found in 64% of patients at baseline, of whom
roughly 13% experience further worsening of blood pressure
values on subsequent follow-up evaluations. Of note, 8.4% of
patients developed new-onset hypertension after a mean
follow-up of 59.8 months [80]. Such an increased prevalence
of hypertension along with an increased prevalence of type 2
diabetes and dyslipidemia contributes to the higher cardio-
vascular risk observed among patients with ACS. According-
ly, several long-term follow-up studies demonstrated a
higher rate of cardiovascular disease in patients with ACS
[71,93].

(c) Hypertension phenotype, pathophysiology,
and assessment of organ damage

On the basis of epidemiological studies, the prevalence of
hypertension in endogenous Cushing’s syndrome is esti-
mated to range up to 85% [11,20,73,94]. Synthetic gluco-
corticoids may also lead to iatrogenic Cushing’s syndrome
with higher risk of hypertension, by inducing weight gain
or lipodystrophy [95].

Hypertension phenotype

Hypertension usually occurs early in the course of the
disease, equally in both genders, and may persist even
after achieving clinical and hormonal remission [96,97]. A
nondipping blood pressure (BP) profile, which mirrors the
disrupted cortisol circadian rhythm, is observed in more
than 50% of patients, whether normotensive or hyperten-
sive, and in patients with adrenal causes, there is more
blunted nocturnal decline [98—100]. Mechanisms underly-
ing this cause-related difference may be worth mentioning.
Ambulatory blood pressure monitoring (ABPM)-derived
short-term BP variability is also increased in Cushing’s
syndrome, independent of BP elevation, and it may repre-
sent an additional cardiovascular risk factor per se [101]. An
altered BP circadian rhythm has been also observed in
patients treated with long-term glucocorticoids [102]. Most
studies have not demonstrated dependence of BP values on
the duration and degree of hypercortisolism [20,22]. Hyper-
tension is usually mild to moderate. Ectopic Cushing’s
syndrome patients, however, present more frequently with
severe hypertension and hypokalemia, because of the
mineralocorticoid effect of excess cortisol, which is not
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completely inactivated by 11B-hydroxysteroid dehydroge-
nase type 2 (11B-HSD2) at renal level, and show end-organ
damage [77,103].

Pathophysiology

The pathophysiology of Cushing’s syndrome-related hy-
pertension is complex and includes a variety of impair-
ments in BP regulatory systems with multiple contributing
factors (Fig. 1.

Enhanced mineralocorticoid activity

The mineralocorticoid receptors are expressed predomi-
nantly in the distal nephron and have equal affinity for to
aldosterone and cortisol. Under physiological conditions,
however, cortisol is unable to exert its mineralocorticoid
action as renal 113-HSD2 catalyzes its conversion to corti-
sone, which is not a MR-ligand [104,105]. Supraphysiolog-
ical cortisol levels in patients with severe Cushing’s
syndrome exceed the capacity of 11B-HSD2, leading to
cortisol mineralocorticoid receptor-binding and activation,
and results in sodium and water retention, so increasing
plasma volume but with increased potassium excretion
causing hypokalemia [106]. 11B-HSD1, the isoenzyme cat-
alyzing the cortisone-to-cortisol conversion, and the acti-
vated epithelial sodium channels (ENaC) are additional

Consensus: hypertension in hypercortisolism

contributors to the enhanced mineralocorticoid activity in
Cushing’s syndrome [105,1071.

Renin—angiotensin system

Hypercortisolism leads to an increased hepatic synthesis of
angiotensinogen. However, despite angiotensin II forma-
tion is expected to be higher because of increased renin
substrate, plasma renin activity and circulating angiotensin
II (AID levels are usually normal. Vascular pressor response
to All is reported to be enhanced by cortisol-induced up-
regulation of All-receptors type 1 [108—110].

Sympathetic nervous system

Glucocorticoids modulate the synthesis of neurotransmit-
ters and the vascular response to catecholamines. Never-
theless, circulating catecholamine concentrations are
within the normal range and adrenergic receptors seem
intact in patients with Cushing’s syndrome, but an en-
hanced pressor response to beta-adrenergic agonists and
impaired cardiac sympathetic autonomic modulation have
been demonstrated in some studies [107,109,111,112].

Vasoregulatory system and vascular remodeling
Glucocorticoid excess induces enhanced vascular respon-
siveness to vasoconstrictors (via down-regulation of the
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FIGURE 1 Summary of the main pathogenetic mechanisms of hypertension in Cushing’s syndrome.
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plasma membrane Na/Ca-exchanger), elevation of the va-
soconstrictor endothelin-1, inhibition of nitric oxide signal-
ing pathways at multiple levels and impaired synthesis of
vasodilators (e.g. prostacyclin and/or kallikrein—kinin sys-
tem), leading to generalized vasoconstriction. Vascular
remodeling and dysfunction present with hypertrophic
changes in the wall of small-resistance arteries as a result
of increased vascular endothelial growth factor and insulin
resistance [94,113-115].

Metabolic abnormalities

Dyslipidemia, prediabetes, or overt diabetes mellitus with
visceral adiposity and insulin resistance associated with Cush-
ing’s syndrome are additional pathogenic factors [116,117].

Obstructive sleep apnea

Obstructive sleep apnea (OSA), which significantly corre-
lated with visceral obesity, activated sympathetic nervous
system, and nocturnal hypercortisolemia, has been ob-
served in approximately one-third of the patients with
Cushing’s syndrome and may be a major contributor to
hypertension [118,119].

Assessment of cardiovascular damage

Cardiac structural changes

Signs of cardiovascular damage are commonly observed in
a high proportion of hypertensive patients but may also be
seen in normotensive patients with Cushing’s syndrome.
This indicates that factors other than high BP per se are
involved in the pathogenesis of cardiovascular complica-
tions. LVH and LV systolic and diastolic dysfunctions have
been described, as assessed by standard trans-thoracic
echocardiography [120]. In addition to confirming LVH,
echocardiography documented a characteristic alteration
of LV geometric pattern in Cushing’s syndrome (concentric
remodeling), which was unrelated to BP levels [120]. LV
mass and the concentric LV pattern are relatively indepen-
dent from 24-h BP load and profile (dipping/nondipping)
in Cushing’s syndrome patients [100], further suggesting a
deleterious effect of hypercortisolism directly on the cardiac
mass [121]. Novel echocardiographic techniques, such as
speckle tracking echocardiography and tissue Doppler
imaging, have been used as sensitive tools for evaluating
LV performance in patients with Cushing’s syndrome. LV
global longitudinal strain, assessed by speckle tracking
echocardiography, was able to detect low LV contractility
and high prevalence of LV subclinical diastolic dysfunction,
even with well controlled BP, in patients with hypercortis-
olism [122,123]. In obese patients with Cushing’s syndrome,
cardiac MRI mapping seems to be the most informative
method for assessment of subclinical systolic alteration
[124,125]. The reversibility of some of these abnormalities
did not relate to BP changes after disease treatment in echo/
MRI-based clinical studies [24,125].

Coronary artery disease

According to the current guidelines, noninvasive functional
imaging for myocardial ischemia or coronary computerized
tomography (CT) angiography is recommended as the
initial test for diagnosing coronary artery disease, in
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symptomatic patients in whom coronary artery disease
cannot be excluded by clinical assessment alone [126).
Noninvasive imaging methods, such as transthoracic Dopp-
ler echocardiography, multislice CT, and MRI have been
applied in patients with Cushing’s syndrome [25,125,127].
Invasive coronary angiography with the availability of
invasive functional evaluation may be considered for con-
firmation of the diagnosis of coronary artery disease in
patients with an uncertain diagnosis after noninvasive
testing, in those with severe symptoms refractory to medical
therapy, or typical angina at a low level of exercise and
clinical evaluation that indicates high event risk [120].
Hypertensive vasculopathy

The assessment of hypertensive vasculopathy may be per-
formed by carotid artery duplex with measurement of the
intima—media thickness in the common carotid artery, and
by measurement of the pulse-wave velocity. Increased
carotid intima—media thickness is a strong predictor of
systemic atherosclerosis and cerebral vascular accidents
and is reported in Cushing’s syndrome patients and
remained abnormal even after disease remission, indicating
a persistent cardiovascular risk [23]. The intima—media
thickness in different vascular territories was found to be
higher in Cushing’s syndrome patients than in a population
matched for cardiovascular risk factors, including hyper-
tension [128]. Endothelium-dependent flow-mediated va-
sodilation is impaired in Cushing’s syndrome, but the
clinical relevance for cardiovascular risk of blood markers
of endothelial dysfunction and/or inflammation remains
unclear [129]. Cushing’s syndrome has also been associated
with increased arterial stiffness [130].

A clear relationship between hypercortisolism and car-
diovascular morbidity and mortality has been recently
confirmed in Cushing’s disease [131]. In addition to prompt
treatment of hypercortisolism according to current guide-
lines, it is highly recommended that evaluation, monitoring,
and treatment should be performed according to the gen-
eral cardiovascular risk prevention guidelines, individual-
ized for presence of complications and risk factors
[132,133]. On the basis of the current evidence of the
cardiovascular effects of excess cortisol, a comprehensive
assessment by 24-h ambulatory blood pressure monitoring,
echocardiogram, and carotid ultrasound is recommended
in Cushing’s syndrome both at baseline and after hyper-
cortisolism is cured. Whenever necessary, this will involve
the collaboration of primary care physicians, cardiovascular
specialists, and endocrinologists. Even when clinical signs
of overt hypercortisolism are not present, patients with ACS
showed an increased cardiovascular risk. However, more
data are needed to state definitive recommendation about
the cardiovascular risk assessment of these patients.

BIOCHEMICAL SCREENING AND
SUBTYPING

(a) Screening for hypercortisolism in
hypertensive patients: clinical features that
should prompt biochemical assessment
Secondary hypertension accounts for 5-15% of all hyper-
tension [133]. The few published series investigating the

Volume 40 e Number 0 e Month 2022

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



causes of secondary hypertension report that the preva-
lence of Cushing’s syndrome ranges from 0 to 1%, increas-
ing to 6.2 and 7.7% when the analysis is limited to patients
with early-onset hypertension (before the age of 40 years)
or those harboring adrenal masses (Supplementary Table 2,
http://links.lww.com/HJH/C37) [6,134-140]. The differen-
ces in prevalence also reflect variations in regional, ethnic,
or diagnostic criteria. Although hypertension because of the
Cushing’s syndrome contributes to cardiovascular im-
pairment, screening all hypertensive patients for Cushing’s
syndrome is neither feasible nor cost-effective [141]. There-
fore, screening for Cushing’s syndrome should be consid-
ered in those hypertensive patients with features suggesting
an increased likelihood of hypercortisolism [39,133] (Table
1. Generally, young onset, sudden development of severe
or worsening hypertension, or treatment-resistant hyper-
tension are all features that should prompt screening for
secondary causes [133]. Presentations that favor Cushing’s
syndrome are the combination of any of the above, espe-
cially if 24-h ambulatory BP profiles do not show nocturnal
dipping, with other clinical features specific for hypercor-
tisolism: easy bruising, facial plethora, proximal myopathy
or proximal muscle weakness, wide violaceous striae, or
osteoporosis in young male individuals. Predictive models
exist based on these clinical features, which, if present,
should prompt biochemical evaluation [142—144]. Whilst
weight gain and obesity are common in Cushing’s syn-
drome, by themselves they have poor discriminatory value
for the diagnosis. Thus, obesity alone should not prompt
assessment for Cushing’s syndrome.

In summary, identification of Cushing’s syndrome in
hypertensive patients requires a high clinical index of
suspicion but if suggestive features are present (Table 1),
then biochemical testing for hypercortisolism is warranted.

(b) Screening of Cushing’s syndrome and
autonomous cortisol secretion

The diagnostic flow-chart for hypercortisolism is shown in
Fig. 2. Three main hormonal tests are currently used for
biochemical screening of Cushing’s syndrome in patients
with a suspicious clinical picture (after excluding glucocor-
ticoid intake): overnight 1 mg dexamethasone suppression
test (1 mg DST), 24-h urinary free cortisol (24-h UFC), and
late-night salivary or serum cortisol [39]. Late-night salivary
cortisol (LNSC) is preferred over midnight serum cortisol as
it does not require hospitalization and is less invasive (see
Supplementary Material and Supplementary Table 3, http://
links. Iww.com/HJH/C37 for test details). Initial biochemical
screening for Cushing’s syndrome is done by performing
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one of those three tests. If normal, hypercortisolism is
excluded. However, further hormonal assessment may
be considered in patients with a high pretest probability
of Cushing’s syndrome (see previous paragraph), or who,
in the 6 months following initial testing, show progression
of symptoms that could potentially be driven by hyper-
cortisolism. Additionally, if 1 mg DST results are not in line
with the clinical suspicion, it might be worthwhile to
measure also dexamethasone levels, as suggested by recent
studies [145,146]. In the case of an abnormal initial result,
positivity of at least one of the remaining screening tests is
required to establish the diagnosis of Cushing’s syndrome,
especially given that cyclicity/variability in Cushing’s syn-
drome is not an infrequent phenomenon, with a prevalence
in Cushing’s disease above 15% [147]. Cut-offs and accuracy
of the screening tests for Cushing’s syndrome are reported
in Table 2.

In patients with adrenal incidentalomas without a clinical
phenotype suggesting overt Cushing’s syndrome, the 1 mg
DST is recommended for screening [9]. To maximize sensi-
tivity and specificity, a double cut-off for cortisol has been
proposed. In case of serum cortisol greater than 138 nmol/I
(5 ng/dD), the diagnosis of ACS (formerly known as ‘sub-
clinical Cushing’s syndrome”) is confirmed. Serum cortisol
levels between 50 and 138 nmol/1 (1.8 and 5 pg/dD indicate
‘possible autonomous cortisol secretion’ and, especially, in
the presence of potential cortisol-related comorbidities,
further assessments may be required to confirm hyper-
cortisolism including low/undetectable basal plasma ACTH
or abnormal 1mg DST after 3—12months [9]. The other
screening tests recommended for Cushing’s syndrome are
of little use in patients with adrenal incidentalomas without
clinical signs of hypercortisolism, given the poor and con-
trasting data on the diagnostic performance of 24-h UFC
and LNSC in this clinical context [150]. However, alternative
diagnostic strategies have to be considered when patients
with adrenal incidentalomas also present with conditions
responsible for false-positives on the 1mg DST (Supple-
mentary Table 3, http://links.lww.com/HJH/C37) [39,151],
like the use of oral contraceptive therapy [152]. In this
regard, simultaneous assay of cortisol and dexamethasone
in serum or saliva has been shown to improve diagnostic
accuracy of 1mg DST in patients with overt Cushing’s
syndrome or ACS [146,153].

(c) Subtyping of Cushing’s syndrome

Once hypercortisolism is established, further subtyping is
required to establish the cause of Cushing’s syndrome. First,
morning plasma ACTH is measured following immediate

TABLE 1. Main characteristics of hypertensive patients who should be screened for Cushing’s syndrome

Age Young patients (<40 years) with grade 2 hypertension or onset of any grade of hypertension in childhood
Onset Acute worsening hypertension in patients with previously documented chronically stable hypertension
Severity Resistant hypertension

Hypertension phenotype

Blood pressure nondipping profile

— Presence of extensive hypertension-mediated organ damage

Radiological findings Adrenal lesions

Clinical features specific for hypercortisolism

Easy bruising, facial plethora, striae

Proximal myopathy or proximal muscle weakness
— Osteoporosis at young age
— Unusual features for age or multiple and progressive features

Journal of Hypertension
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Patient with suspicious clinical picture of Cushing’s syndrome
(see Table 1 and Supplementary Table 1)

Patient with adrenal incidentalomas without a clinical picture
suggesting Cushing’s syndrome

N

2

[ Exclude glucocorticoid intake ]

N

N

At least 2 altered tests among*:

- Overnight 1-mg dexamethasone suppression test:
cortisol >50 nmol/L (>1.8 pg/dL)

- 24-h urinary free cortisol >ULN**
- late-night salivary cortisol >ULN**

Overnight 1-mg dexamethasone suppression test

Cortisol Cortisol
<50 nmol/L 50-138 nmol/L >138 nmol/L
(<1.8 pg/dL) (1.8-5 pg/dL) (>5 pg/dL)

]
Cortisol ]

*Initial biochemical screening: 1 of the 3 tests (if normal, hypercortisolism
excluded). In patients with a high pre-test probability or progression of symptoms
in the 6 months following initial testing, consider further hormonal assessment.
**ULN: upper limit of normality of the local reference ranges. The alteration
should be confirmed by a second determination.

U

U 2 U

Non-secreting autonomous < .
cortisol secretion

Possible
Autonomous
cortisol secretion

Cushing’s syndrome confirmed

e ¢ N

Lo of Intermediate ACTH A
undetectable ACTH values § >4.4 pmol/L
[ AcTH (>20 pg/mL) ]

§ Further evaluation by stimulation
testing either with CRH (where
available) or desmopressin to unmask
ACTH responsiveness, most likely
again indicating ACTH-dependent CS

iyt

ACTH-independent

g

ACTH-dependent

Cushing’s syndrome

4

Tests for differential
diagnosis (pituitary vs
ectopic) (see text)

Cushing’s syndrome

%4

Abdominal CT scan

FIGURE 2 Diagnostic flow-chart for hypercortisolism.

blood sample centrifugation at low temperature (to avoid
degradation) on at least two separate days to differentiate
ACTH-dependent from ACTH-independent Cushing’s syn-
drome [72]. ACTH values below the lower detection limit of

In “possible autonomous cortisol secretion”, further assessments may be required
to confirm the hypercortisolism, including low/undetectable basal plasma ACTH,
abnormal 1-mg DST after 3-12 months, or presence of cortisol-related
comorbidities

the assay reliably indicate ACTH-independent Cushing’s
syndrome, whereas ACTH levels greater than 20 pg/ml
are highly suggestive of an ACTH-dependent source.
Intermediate ACTH levels are almost always reflective of

TABLE 2. Cut-offs and accuracy of the screening tests for Cushing’s syndrome

Type of test

Diagnostic cutoff for Cushing’s syndrome

Overnight 1 mg dexamethasone suppression test
24-h urinary-free cortisol®
Late-night salivary cortisol®

Serum cortisol >50 nmol/l (1.8 wg/dl)
Above the upper limit of normal of the local reference ranges

Sensitivity® Specificity®
99% 93%
94% 93%
96% 93%

“Elevation of 24-h UFC and LNSC should be confirmed by a second determination.

°0n the basis of ref. [148]. Slight differences have been reported in relation to the use of different hormonal assays [149].
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ACTH-dependent Cushing’s syndrome but often need fur-
ther imaging and dynamic functional evaluation, that is,
ACTH stimulation by CRH or desmopressin [154], within
expert centers.

Adrenocorticotrophic hormone-dependent
Cushing’s syndrome

Cushing’s disease is considerably more frequent than ec-
topic sources of ACTH, and more common in women than
men. Ectopic Cushing’s syndrome usually presents with
more severe symptoms of shorter duration, greater hyper-
cortisolemia and plasma ACTH levels, and higher frequency
of hypokalemia, but features may rarely resemble CD [155].
Unfortunately, differential diagnosis of ACTH-dependent
Cushing’s syndrome has many potential pitfalls. Therefore,
it is essential that evaluation is performed in centers with
sufficient experience. Many centers consider a sufficient
evidence to proceed with pituitary surgery the following
conditions: visualization of a pituitary adenoma larger than
6 mm in diameter by MRI and/or congruent positive results
by CRH and/or desmopressin test and high-dose dexameth-

less frequently used in major centers). In all other patients,
bilateral inferior petrosal venous sinus catheterization is
used to differentiate Cushing’s disease from ectopic Cush-
ing’s syndrome. Whole-body imaging by CT or MRI, with or
without functional imaging using ®®Ga DOTA-somatostatin
analogues-PET, may also be considered to differentiate
Cushing’s disease from ectopic Cushing’s syndrome
[156,157]. Functional imaging by PET scan may improve
correct detection of corticotropic pituitary adenomas in the
future, using ''C-methionine as a tracer [158] or targeting
the CRH receptor [159].

Adrenocorticotrophic hormone-independent
Cushing’s syndrome

Imaging by CT or MRI will demonstrate the cause of ACS, in
most cases, a cortisol-secreting adrenal adenoma. A tumor
with homogenous content and unenhanced Hounsfield
units (HU) less than 10 on CT imaging is consistent with
an adrenal adenoma [9,160,161], and if this is not the case,
evaluation in expert adrenal centers is recommended,
especially for tumors bigger than 4 cm. Multiple nodules
bigger than 1 cm in diameter or rarely diffuse enlargement
of both adrenals indicate PMAH, which may be further
evaluated by screening for aberrant receptor expression,
germline mutations in ARMC5 and other genes [162], and
potentially by MS-based steroid profiling [163]. In contrast,
multiple small nodules less than 1cm in diameter (‘bead-
like’ nodules on high-resolution CT) characterize primary
pigmented nodular adrenocortical disease where genetic
testing and screening for other manifestations of Carney
complex is indicated [162].

TREATMENT

(a) Control of endogenous hypercortisolism

Although the control of hypercortisolism does not neces-
sarily lead to remission of hypertension, obtaining rapidly
eucortisolism in patients with Cushing’s syndrome is a
mandatory step because of the increased morbidity and
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mortality in patients with uncontrolled hypercortisolism
[164]. Most of the causes of Cushing’s syndrome require
surgery as a first-line treatment. This is true for Cushing’s
disease (removal of the pituitary tumor), ectopic Cushing’s
syndrome (excision of ACTH-secreting tumors), or ACTH-
independent hypercortisolism (adrenalectomy for benign
adrenal adenoma or malignant adrenocortical carcinoma)
[132]. Pituitary surgery for Cushing’s disease is associated
with immediate remission rate in 82% of the patients (47—
94%) with microadenomas (in experienced hands), and
60% (17-91.7%) in those with macroadenomas [165]. Uni-
lateral adrenalectomy for benign adrenal adenomas associ-
ated with Cushing’s syndrome is curative in nearly 100% of
the cases [132]. In rare forms of Cushing’s syndrome and
malignancy, the results of surgical approach depend on the
clinical condition of the patients and on the severity of
disease [132,155,165].

Additional therapeutic modalities (drugs, radiotherapy,
bilateral adrenalectomy) can also be used to control hyper-
cortisolism usually after failed surgery, and their roles in the
therapeutic algorithms of Cushing’s syndrome depend on
the cause. Hypercortisolism may be controlled by drugs
aimed at lowering cortisol levels [166—173]. It is important
to emphasize that these drugs will not lead to cure, and thus
will have to be maintained on a long-term basis. They may
be used after failure or contraindications to surgery, in
patients with cortisol-secreting metastases, or while waiting
for the effects of pituitary radiation in patients with Cush-
ing’s disease.

Drugs targeting the pituitary bind to somatostatin recep-
tors (mainly type 5) or dopamine receptors (type 2), which
are expressed by the pituitary tumor [169,170]. The bio-
chemical control of hypercortisolism is limited, being
reported in 30-50% of the cases of ACTH-dependent Cush-
ing’s syndrome. Drugs targeting the adrenals block one or
more enzymes of the steroidogenesis: they can be used in
all causes of Cushing’s syndrome, and several are available
depending on the countries (ketoconazole, metyrapone,
osilodrostat, and mitotane). Metyrapone and olisodrostat,
because of their prevalent inhibition of the enzyme 11beta-
hydroxylase/aldosterone synthase, may increase the levels
of 11-deoxycorticosterone, a precursor of aldosterone with
mineralocorticoid activity, worsening hypertension and
inducing hypokalemia, which tend subsequently to
improve when cortisol levels normalize [172].

Drugs targeting the adrenals are more effective than
those targeting the pituitary gland and usually control
cortisol secretion in 50-80% of the cases [166,168,169].
Additionally, mitotane, which is specifically used in adre-
nocortical carcinoma, also has an adrenolytic effect [174]. As
each of these drugs has a specific tolerance profile includ-
ing risks of adrenal insufficiency, their use should be
carefully monitored, ideally in expert centers. In selected
cases, patients with severe hypercortisolism might be
treated by a combination of drugs before surgery to obtain
rapid control of hypercortisolism, and therefore, to improve
the clinical state in preparation for surgery [175-1771.

Mifepristone, a progesterone receptor antagonist with
glucocorticoid receptor antagonistic activity at higher con-
centrations (still off label in Europe), has also been reported
to induce hypertension and hypokalemia in some patients
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with Cushing’s syndrome, likely because of the noncom-
plete inactivation of excess cortisol by 113-HSD2 in the
kidney, leading to binding and activation of mineralocorti-
coid receptors [178].

Another therapeutic option to control hypercortisolism,
especially in Cushing’s disease, is radiotherapy, which can
be used after failed transsphenoidal surgery, when a tumor
remnant is visualized on pituitary MRI. Although the effica-
cy is reported in 50-80% of the cases, the main drawbacks
of radiotherapy are the time to reach maximal efficacy
(usually 2-5vyears), requiring an effective antisecretory
treatment during this period, and the occurrence of pitui-
tary secretory deficits [179].

Bilateral adrenalectomy leads to control of hypercortis-
olism in virtually 100% cases. Although the control of
hypercortisolism is immediate, it is still considered as a
third-line treatment by the majority of teams as it leads to
permanent adrenal insufficiency [180]. However, some
expert groups suggest that it should be performed earlier
when curative surgery fails, thanks to its efficacy and safety
[181]. Nevertheless, bilateral adrenalectomy in patients with
Cushing’s disease carries the risk of development of cortico-
troph tumor progression (Nelson’s syndrome) in up to 53%
of the patients [182].

In patients with ACS, the efficacy of the surgical treat-
ment has been investigated in a few, mostly retrospective
studies, showing that hypertension improved in 60.5% of
patients undergoing adrenalectomy, with a mean decrease
of 12.7mmHg in SBP and 9.3 mmHg in DBP [183]. More-
over, patients with ACS treated by adrenalectomy showed a
significant improvement in hypertension when compared
with those under conservative management [183].

(b) Control of blood pressure

Given the high prevalence of alterations in the circadian BP
profile in Cushing’s syndrome patients, assessment of BP
control by treatment should include performance of 24-h
ambulatory BP monitoring, which allows to explore the
achievement of a smooth reduction of BP over the 24-h,
including nocturnal BP control [184]. As the increase in BP
levels in Cushing’s syndrome patients is related to the
chronic exposure to excessive circulating cortisol levels
[93], the ideal way to reach BP control in Cushing’s syn-
drome patients is the biochemical control of hypercortiso-
lism. After surgical remission, Cushing’s syndrome patients
experience normalization of BP levels in around 40% of
cases and an overall improvement in hypertension in up to
90% of cases [94,97,116], being the time of exposure to
excess cortisol the determinant of residual hypertension
[185]. An improvement in BP levels are also observed
during specific medical therapy for hypercortisolism, re-
gardless of the specific drug used [172,186,187]. Addition of
ketoconazole normalized BP in 11 of 12 Cushing’s syn-
drome patients with mild-to-moderate hypertension resis-
tant to combined antihypertensive therapy [188]. However,
in larger cohorts of Cushing’s syndrome patients, hyper-
tension was an adverse event of treatment with ketocona-
zole alone, metyrapone alone, or with their combination in
48% of the cases overall [189], with osilodrostat in 12% [171],
and with mifepristone in 24% [190]. Therefore, these drugs
may potentially complicate the treatment of normotensive
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or hypertensive patients with active hypercortisolism. Al-
though normalization of cortisol levels may improve hyper-
tension, around one-third of Cushing’s syndrome patients in
remission still experience abnormal BP levels [191,192].
Moreover, definitive long-term biochemical control of hyper-
cortisolism may be difficult to achieve in Cushing’s disease
recurrence after pituitary surgery is reported in up to 33% of
patients [180], whilst for those on medical treatment, there is
the potential development of escape oradverse events during
medical therapy, requiring treatment up-titration or discon-
tinuation, respectively [186,187]. In addition, it should be
considered that most patients treated with cortisol-lowering
drugs display disrupted circadian rhythm of cortisol secretion
despite having a quantitively normal 24-h cortisol production
(as assessed by 24-h UFC). Some studies suggest that a
persistently increased late-night cortisol may participate to
the maintenance of hypertension despite apparent control of
hypercortisolism by measurement of 24-h UFC [193]. Any
recurrence of hypercortisolemia may then lead to a new
increase in BP levels. Therefore, alongside with biochemical
control of hypercortisolism, specific treatment with antihy-
pertensive drugs is required for Cushing’s syndrome patients
(Fig. 3).

Currently, specific studies focusing on the treatment of
hypertension in Cushing’s syndrome patients are lacking.
However, considering the pathophysiology of hyperten-
sion in Cushing’s syndrome patients and the currently
available guidelines on the treatment of hypertension
[133], some therapeutic suggestions may be made. As
Cushing’s syndrome patients experience an increased car-
diovascular risk because of the Cushing’s syndrome-related
metabolic comorbidities, including visceral obesity and
glucose and lipid metabolism impairment [18], strict control
of BP levels (<130/80 mmHg) is needed [94]. As a general-
ized up-regulation of the renin—angiotensin—aldosterone
system is observed in Cushing’s syndrome patients, angio-
tensin-converting enzyme inhibitors (ACE-Is) or angioten-
sin receptor blockers (ARBs) could be preferred as first-line
approach to lower BP levels in Cushing’s syndrome
patients, also given their better cardioprotective effects
[94,192,194]. If BP control is not achieved with ACE-Is/ARBs
monotherapy, calcium channel blockers should be consid-
ered as a second-line treatment, because of their high
efficacy in reducing BP levels and the higher efficacy in
both monotherapy and combined therapy with ACE-Is/
ARBs in preventing cardiovascular events as compared with
other antihypertensive drugs [94,194]; however, in case of
preexisting moderate or severe peripheral edema, they
should be considered with caution. If the addition of
calcium channel blockers is not effective or contra-indicat-
ed, mineralocorticoid receptor-antagonists should be con-
sidered as a third-line or second-line treatment [94,191];
moreover, they should be considered as a first-line treat-
ment in persistent Cushing’s syndrome patients with both
hypertension and hypokalemia, to favor control of both BP
and potassium levels [94,192]. As male Cushing’s syndrome
patients may experience hypogonadism and gynecomastia
during spironolactone treatment [18,195], eplerenone is a
reasonable alternative [94]. In case of further lack of BP
control, alpha-blockers or NO donors may be considered as
additional therapies [94]. Conversely, beta-blockers and
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High blood pressure levels and
diagnosis of Cushing’s syndrome

Start anti-hypertensive therapy
with ACE-Is/ARBs

V=l

© BP>130/80 |
mmHg I

~

o

Normalization of cortisol levels,
(surgery as first-line)*

[' BP>130/80

- mmHg
Add calciumi-chanpel blockers Add mineralocorticoid receptor
_ antagonists
L /
(Cautious evaluation in case of pre-existing (Can be considered as a first-line approach in
moderate or severe peripheral oedema) case of pre-existing hypokalemia)
b BP >130/80 ]—/
[ BP>130/80 ___mmHg
i Carefully add beta-blockers or mmHg
thiazides diuretics, with a patient-
. o P . Add alpha-blockers or NO donors
specific evaluation of metabolic
B comorbidities ]

(Beta-blockers and thiazides diuretics may be early
considered in case of patients with myocardial
infarction and nephrolithiasis, respectively)

FIGURE 3 Treatment algorithm of hypertension in Cushing’s syndrome.

ACE-Is, angiotensin conversion-enzyme inhibitors; ARB, angiotensin receptor blockers; BP, blood pressure; NO, nitric oxide. *In the case of failure or contra-indications to
surgery, in patients with cortisol-secreting metastases, or in Cushing’s disease patients waiting for the effects of pituitary radiation, cortisol-lowering drugs can be
considered. Worsening of hypertension has been described using metyrapone, osilodrostat, or mifepristone.

thiazide diuretics should be used with caution in patients
with Cushing’s syndrome as both may worsen Cushing’s
syndrome-related metabolic comorbidities and, in case of
thiazide, preexisting hypokalemia [94,191]. However, vaso-
dilating beta-blockers, including labetalol, nebivolol, cel-
iprolol, and carvedilol, may be considered in Cushing’s
syndrome patients with previous myocardial infarction, as
they may improve myocardial infarction-related morbidity
and mortality, whereas hydrochlorothiazide may be con-
sidered in Cushing’s syndrome patients with kidney stones
as they may prevent cortisol-induced hypercalciuria [191].

CONCLUSION

A summary of the main messages of this consensus
is reported in Table 3. There is a strong association of

Journal of Hypertension

Cushing’s syndrome with increased cardiovascular risk.
The biological link is cortisol overproduction acting on vari-
ous pathogenetic processes and resulting in cardiovascular
damage. This pertains also to patients with ACS, in whom a
similar risk profile is found. A comprehensive biochemical
and clinical work-up for renal, cardiac, and vascular comor-
bidities is required, and allows tailoring of the most suitable
therapy for any given patient. Cortisol normalization by
surgery or specific medications directed against the cause
of hypercortisolism is the mainstay of treatment of hyperten-
sion in Cushing’s syndrome. Patients not achieving control of
BP and awaiting correction of hypercortisolism need tailored
antihypertensive therapy. Cardiovascular status should accu-
rately be assessed during both the active phase of disease and
the postoperative follow-up as cardiovascular risk persists for
a long time after cure.
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TABLE 3. Consensus bulleted points

Three tests are currently recommended for the diagnosis of endogenous Cushing’s syndrome: 1 mg dexamethasone suppression test, 24 h urinary free cortisol, and

late night salivary (or serum) cortisol.

In patients with clinical suspicion of Cushing’s syndrome, the diagnosis of endogenous hypercortisolism is made upon the finding of two out of three positive

screening tests.

In patients with adrenal incidentalomas without a clinical picture of Cushing’s syndrome, 1 mg dexamethasone suppression test is the recommended screening test

to rule out autonomous cortisol secretion.

As a first step, in patients with a confirmed diagnosis of endogenous Cushing’s syndrome, morning ACTH levels in plasma are determined to distinguish ACTH-

dependent from ACTH-independent Cushing’s syndrome.

In ACTH-independent Cushing’s syndrome, unenhanced computerized tomography or MRI of the abdomen will most likely demonstrate a cortisol-producing adrenal

adenoma.

In ACTH-dependent Cushing’s syndrome, noninvasive stimulation tests and pituitary MRI may be sufficient for the diagnosis of Cushing’s disease. In all other
patients, bilateral inferior petrosal venous sinus catheterization and/or cross sectional and functional imaging may allow differentiation of a pituitary from an

ectopic source of autonomous ACTH secretion.

Hypertension in Cushing’s syndrome is linked to cortisol overproduction. However, cardiovascular damage seems to be unrelated to high blood pressure per se and

may persist after resolution of hypercortisolism.

A comprehensive assessment by 24 h ambulatory blood pressure monitoring, echocardiogram, and carotid ultrasound is recommended in Cushing’s syndrome both
at baseline and after hypercortisolism is cured. Further search for end-organ damage is mandatory in complicated hypertension.

Normalization of cortisol levels should be the first-line approach to hypertensive patients with Cushing’s syndrome

Surgery should be the first-line option in the majority of cases, whatever the etiology of Cushing’s syndrome

After failed surgery, different therapeutic options (drugs, radiotherapy, bilateral adrenalectomy) should be discussed in expert centers.

While waiting for normalization of cortisol levels, start angiotensin-converting enzyme inhibitors or angiotensin receptor blockers as a first-line therapy, aiming at

strict control of blood pressure levels (<130/80 mmHg)

In case of lack of blood pressure control, consider addition of calcium channel-blockers or, in case of hypokalemia, mineralocorticoid receptor antagonists
Beta-blockers and thiazide diuretics should be considered as a third-line or fourth-line treatment because of the potential exacerbation of Cushing’s syndrome

metabolic comorbidities
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