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Abstract

Arterial stiffness may be useful for stratifying cardiovascular risk in individuals suffering from a number of pathologies, such as
hypertension, diabetes, obesity, dyslipidaemia and coronary artery disease. Cushing'’s syndrome is underpinned by a complex metabolic
syndrome, which is potentially implicated in the onset of blood vessel alterations and the increase in arterial wall stiffness. The aim of
this paper was to perform a review about the most important studies conducted in order to evaluate the arterial distensibility profile
of subjects affected by Cushing’s syndrome. Increased arterial stiffness may persist even after successful cure of this disease. It is
therefore of fundamental importance to identify the presence of early vascular alterations in these patients, in order to commence their
treatment and thus attempt to prevent the subsequent onset of adverse cardiovascular events.
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Arterial Stiffness and Cardiovascular Risk

Recently, much emphasis has been placed on the role of arterial stiffness
in the development of cardiovascular diseases. In fact, increased arterial
wall rigidity has been acknowledged as a major independent risk factor
for cardiovascular pathologies,? and is frequently correlated to the onset
of adverse cardiovascular events.** Representing a physiological hallmark
of the ageing process, reduced arterial wall distensibility has been also
observed in the presence of numerous pathological conditions, including
hypertension,® diabetes,® obesity,” dyslipidaemia® and kidney diseases.’®
Furthermore, it has been reported how impaired peripheral arterial
distensibility may reflect coronary artery endothelial dysfunction as well.™

Indeed, aortic stiffening accompanying age and cardiovascular risk factors
is caused by various phenomena, including breaks in elastin fibres,
accumulation of collagen, fibrosis, inflammation, medial smooth muscle
necrosis, calcifications and diffusion of macromolecules within the arterial
wall. All these phenomena are known to occur in parallel at the site of the
coronary circulation.

In the light of evidence provided, and of the suitability of non-invasive
detection methods, such as photoplethysmography and ultrasonography,
this marker of early arterial atherosclerosis is currently increasingly
applied in the clinical assessment of patients.™

Search Strategy

A PubMed/Medline search was conducted using the MeSH terms:
Cushing's syndrome, arterial stiffness, arterial compliance, arterial
distensibility, intima-media thickness, hypophyseal adenoma, hypophysis,
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adrenocorticotrope hormone(s), glucocorticoid (GC) hormone(s), cortisol,
ultrasound, echography, plethysmography, flow-mediated dilation
(FMD), Doppler, cardiac catheterisation, cardiac computed tomography,
cardiovascular risk, cardiovascular protection, hypertension, obesity,
dyslipidaemia, the metabolic syndrome, endothelial function and their
combinations. Articles identified in this manner were retrieved and
reference lists searched for additional relevant articles. The search was
limited to English-language publications, but no other restrictions were
applied. The PubMed/Medline database was searched from its inception to
May 2013. The most important of these papers are reported in this review.

Cushing’s Syndrome and Increased
Cardiovascular Risk

Cushing's syndrome is an endocrine disorder more frequent in females
(female/male ratio = 8:1). It is characterised by the hypersecretion of cortisol,
generally due to the presence of an adenocorticotrope hormone-secreting
hypophyseal adenoma. Less common causes are primary adrenal diseases,
ectopic adrenocorticotrope hormone secretions and exogenous assumption
of corticosteroids .

Cushing's syndrome is underpinned by a complex metabolic syndrome,
which is potentially implicated in the onset of blood vessel alterations and
an increase in arterial wall stiffness. The clinical picture is characterised
by abdominal obesity, systemic arterial hypertension, impaired glucose
metabolism, hyperlipidaemia and hypercoagulation of the blood. Taken
together, these factors constitute an ideal substrate for the development
of cardiovascular diseases, such as coronary heart disease, stroke and
heart failure. Indeed, cardiovascular death in patients with active Cushing’s
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syndrome is approximately three- or fourfold higher compared with the
general population matched for age and gender. Furthermore, untreated
Cushing's syndrome has a poor prognosis, with only a 50 % 5-year survival.’*

Numerous research projects have demonstrated how the excessive
secretion of GC hormones, in particular cortisol, produces a direct
effect on the cardiovascular system, leading to both activation of
the renin-angiotensin system resulting in sympathetic hypertension,
and a reduced release of nitric oxide by the endothelium.™ Although
adrenocorticotrope hormones receptors have been demonstrated in
human aortic endothelial cells,” it seems unlikely their direct actions
in the development of hypertension in Cushing's syndrome's subjects.”

Again, Philips et al.™ have reviewed evidence for the foetal programming
of the neuroendocrine response to stress, thus highlighting the
correlation of small size at birth with increased adrenocortical and
sympatocoadrenal responses.

Since peroxisome proliferator-activated receptor agonists lower blood
pressure in human subjects,” it is interesting to observe their effects
on downregulation of 11 beta-hydroxysteroid dehydrogenase, and
hence availability of biologically active GCs.»

The complex metabolic alterations elicited by the onset of hypercortisolism
strongly resemble those manifested by the metabolic syndrome. Indeed,
similar to the metabolic syndrome, an acceleration of the atherosclerotic
process, which may be manifested in the initial stages of the disease with
increased arterial wall stiffness, is also observed in Cushing's syndrome.
An excess of cortisol secretion has been indicated as a likely, and
potentially curable, cause underlying the increased cardiovascular risk
detected in patients with Cushing’s syndrome.?

Central adiposity, which is one of the main characteristics of the
metabolic syndrome, may reflect ‘Cushing’s disease of the omentum’.
Adipose stromal cells from omental, but not from subcutaneous fat,
can generate active cortisol from inactive cortisone through expression
of 11 beta-hydroxysteroid dehydrogenase. In addition, this enzyme
expression is increased after exposure to cortisol and insulin. Such a
mechanism would ensure constant GC exposure specifically to omental
fat, thus leading to central obesity.”

Glucose intolerance and diabetes are common features in Cushing’s
syndrome. In those subjects with hyperglycaemia, cortisol secretion —
although normal — appears to be inappropriately high, given enhanced
peripheral sensitivity to GCs.*

Specific variations in GC receptor expression and function might
explain information about the pathophysiology of insulin resistance in
these individuals.»

Hypercholesterolaemia and hypertriglyceridaemia are common in
Cushing's syndrome.* In this respect, it has been reported that cortisol
excretion is correlated negatively with high-density lipoprotein (HDL)
cholesterol at multivariate analysis.? Higher plasma cortisol is associated
with higher tryglicerides in female gender, but not in males.” Morning
salivary cortisol is strongly associated with tryglicerides concentration
as well.»»

In opposition to the above-stated reported reversibility of the cardiovascular
system involvement in Cushing’s syndrome, other studies have reported
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how vascular modifications induced by prolonged exposure to excessive
secretion of glucocorticoids may be irreversible. These studies demonstrated
that in patients with Cushing's disease arterial hypertension induced by
endothelial alterations, may persist even after surgical treatment. This would
seem to imply that in Cushing's disease the resolution of hypercortisolism —
despite the improvement observed in biochemical parameters — does not
necessarily result in a decrease of cardiovascular risk."

Pathophysiology of Reduced

Arterial Compliance

Early atherosclerosis may contribute to the increased rates of cardiovascular
morbidity and mortality in patients with GC excess. However, the mechanisms
by which the excess of GC hormones induce vascular alterations and
resulting arterial stiffness remain to be fully elucidated.

It has been demonstrated that glucocorticoids elicit a decrease at
endothelial level, in nitric oxide synthase and enzymatic activity implicated
in the release of nitric oxide, a major vasodilatory compound.® Moreover,
glucocorticoids inhibit transmembrane transport of arginine, the substrate
for nitric oxide synthesis, and decrease the cofactor tetrahydriobiopterin.»#
Additionally, glucocorticoids lead to an increase in oxidative stress through
the production of hydrogen peroxide and peroxynitrite.®

Similarly, several other molecules would seem to be implicated in the
manifestation of altered endothelial function in patients with Cushing's
disease: adhesion molecules, homocysteine, osteoprotegerin, endothelin,
cytokines and markers of inflammation.

For example, it has been demonstrated that hyperhomocysteinaemia
and reduced serum folate concentrations are associated with active
hypercortisolism, whereas patients in Cushing's syndrome remission may
have homocysteine concentrations comparable with healthy subjects.*
Low serum folate concentrations do not fully account for the increase
in homocysteine levels that may play a pivotal role in the prothrombotic
state and increased cardiovascular risk of these patients.”

Elevated plasma endothelin-1 and osteoprotegerin levels also appear
to be involved in the increased coronary risk in these patients, being
involved in the pathogenesis of an early and accelerated atherosclerosis
development in these vessels.®#

Glucocorticoid involvement in the regulation of vascular tone is
accomplished by enhancing vasoconstrictor response to catecholamines
and decreasing vasodilation and prostacyclin synthesis.” Cortisol likewise
results in a blockade of vasodilatation routinely induced by the intra-
arterial infusion of acetylcholine.*

The above-listed represent only a few of the vastly complex mechanisms
implicated in the pathogenesis of vascular remodeling in Cushing's
syndrome. Long-term elevations in angiotensinogen concentration, which
occur in Cushing's syndrome, may be a risk factor for hypertension, although
there is evidence that chronic stimulation of angiotensinogen may be
partly compensated for by a reduction in renin secretion.”

Among the numerous pathogenetic mechanisms proposed, one impinges
on the aldosterone receptor, previously implicated in the pathogenesis
of arterial hypertension with secondary hyperaldosteronism. Several
animal models have indeed displayed an aldosterone-independent and
GC receptor-dependent response mediated by aldosterone receptor
signalling, resulting in the growth of smooth vascular muscle cells and
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consequent muscular hypertonia and hypertrophy of the tunica media.*
Vascular remodelling affects both large blood vessels and smaller
arterioles. Rizzoni et al. highlighted how patients with Cushing’s syndrome
displayed structural alterations to the small arterioles, and, in particular, a
decreased intima-media ratio, with hypertrophic remodelling resembling
that observed in patients affected by essential hypertension.®

Lastly, a relevant role would likewise appear to be played by sphingolipids.
An accumulation in the endothelium of aberrant ceramides and other
types of sphingolipids induced by cortisol, free fatty acids (FFA) and
tumour necrosis factor-alpha (TNF-a), determines a marked increase in
arterial wall stiffness in these patients.s

Arterial Stiffness Measured

Using Ultrasonography

Inanimportant study conducted by Faggiano et al., carotid intima-media
thickness, and other ecographic parameters of vascular distensibility
(systolic and diastolic media-media distance, systolic lumen diameter,
diastolic lumen diameter, blood systolic and diastolic peak velocities
and distensibility coefficient) were evaluated in patients affected
by Cushing’s syndrome (during the active phase and 1 year after
treatment) and in a group of healthy controls. The study reported how
patients with Cushing’s syndrome presented with increased vascular
stiffness (indicated by higher intima-media thickness associated with
a decreased diastolic lumen diameter and a lower distensibility index)
and increased presence of atherosclerotic plagues compared with
controls. These alterations were still present 1 year following remission
of the disease. The authors maintained that this occurrence was due
to the persistence of factors, such as abdominal obesity and altered
glucose metabolism.

When the experiment was repeated 5 years after completion of
treatment, the continuing presence of increased arterial stiffness was
reiterated. Once again, underlying causes were represented by the
persistence of abdominal obesity and onset of insulin resistance.®

Hypertrophic remodelling has been described also in subcutaneous
small resistance arteries of patients affected by Cushing's syndrome,
probably as a consequence of growth-promoting properties of
circulating cortisol and/or increased vascular oxidative stress.*

Arterial Stiffness Measured

Using Plethysmography

The so-called FMD method, assessing the ability of digital vascular
endothelium to dilate in response to an ischaemic stimulus, is another of
the severaltechnigues used in the study of arterial stiffness. The latter ability
is reduced in the presence of an endothelial dysfunction, representing the
first sign of onset of an atherosclerotic process. A series of methods is
available for use in determining FMD, among which plethysmography.®

In spite of the finding of a lack of statistically significant differences
in intima-media thickness compared with controls, use of the above
technigue in Cushing’s disease reveals a reduction in FMD (p=0.0014).
However, this early condition —which conversely to an increased intima-
media thickness is statistically correlated to hypercortisolism but not to
obesity and insulin resistance — can be reversed by means of medical
and/or surgical correction of excess cortical secretion. Accordingly, in
these patients this would seem to reflect the presence of a exclusively
functional impairment rather than a dysfunction linked to the onset of
anatomical modifications, such as atherosclerotic plagues.®
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Similar results have been reported in studies undertaken to investigate
brachial artery FMD by means of ultrasonography (p<0.0001, although
no significant difference was revealed between the two groups with
regard to baseline diameter of brachial artery).”

Assessment of endothelial function may thus identify high-risk individuals
early, allow therapy to reduce or retard endothelial dysfunction to be
started, and may lead to decreased cardiovascular morbidity and
mortality in patients with suffering from Cushing’s syndrome.

Arterial Stiffness Measured Using Other Methods
Endothelial function in patients with Cushing’'s syndrome can be
measured using laser Doppler flowmetry method (skin microvascular
reactivity) as well. This technigue uses laser beam and fibre optics probes
for detection of blood flow in small vessels located in adjacent layers
of the tissue. Combination of laser Doppler flowmetry with an assay of
biochemical markers of endothelial dysfunction, oxidative stress and
fibrinolysis can bring up additional information on vascular changes.
Based on these premises, it has been demonstrated that oxidative
stress and endothelial dysfunction were present in patients affected by
Cushing's syndrome.

Furthermore, increased concentration of ICAM-1 (a laboratory marker
of endothelial dysfunction) was also found in patients after the
operation compared with controls, thus underlying an only partial
reversible endothelial damage. The most pronounced impairment of
skin microvascular reactivity was present in Cushing's patients with
combination of arterial hypertension and diabetes mellitus.»

By using coronary angiography, it has been recently demonstrated that
increased coronary calcifications and non-calcified coronary plague
volumes are present in patients with active hypercortisolism. However,
this preliminary case-control study was based on a small sample (only
15 consecutive patients).«

The prevalence of coronary artery disease has been also evaluated
in Cushing’'s syndrome patients after long-term remission using
multidetector computer tomography coronary angiogram scan, which
demonstrated that patients in remission of hypercortisolism (for a
mean duration of 11 years) are still at high risk of cardiovascular
disease, especially women and younger patients.*'

This was a further evidence that increased cardiovascular risk persists
in Cushing’s syndrome despite remission of hypercortisolism.

Arterial Stiffness in Paediatric Patients Suffering
from Cushing’s Syndrome

Our research group has previously investigated arterial stiffness in
young female patients (age range 11-18 years) with Cushing's disease.
Two studies conducted in this context demonstrated comparable results
to those obtained in adults. In particular, in a study of young females
we demonstrated the presence of an increased intima-media thickness
compared with healthy controls, both prior to and following surgical
treatment.®? It should be underlined how an increased intima-media
thickness in young people is a widely acknowledged risk factor for the
future development of atherosclerosis in adulthood.

In a further study conducted on the same young patients, we carried out
24-hour monitoring of vascular distensibility using the so-called quantum
key distribution (QKd) method.
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QKd interval is the time (measured in millisecond) between the onset
of depolarisation on the electrocardiogram (Q) and detection of the last
Korotkoff sound (K) at the level of the brachial artery during cuff deflation,
which corresponds to diastolic blood pressure (d). As this interval is
inversely related to pulse wave velocity, the QKd measurement provides
valuable information about 24-hour arterial distensibility.

In fact, while the above-stated methods provide an evaluation only at
the time of examination, the QKd interval technique provides a complete
profile of circadian variations in pulse wave velocity that would be more
appropriate than a single measurement in assessing arterial elasticity.

Thus, a statistically significant difference was obtained to the detriment
of the young patients affected by Cushing’s syndrome compared with
controls (p<0.01), in addition to the finding of higher blood pressure

values during 24-hour monitoring.*

conclusions

To conclude, it has been demonstrated that in Cushing’s syndrome
vascular alterations are based on complex pathogenetic mechanisms,
undoubtedly correlated to the metabolic alterations directly induced by
hypercortisolism, influencing in particular the production and release
of endothelial nitric oxide. Persistence of these alterations produces a

significant effect on cardiovascular mortality of these patients; medical

and/or surgical treatment of the disease, even when successful, does
not unfortunately result in a marked reduction of this risk. Duration
of the disease likewise appears to constitute an important factor in
determining a protractedly increased cardiovascular risk induced

by Cushing's syndrome. It is therefore of fundamental importance to

identify the presence in these patients of early vascular alterations,
including arterial wall stiffness, in order to commence treatment of
the alterations and thus attempt to prevent the subsequent onset of

adverse cardiovascular events. l
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