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Abstract
Purpose Patients with Cushing’s disease (CD) experience metabolic alterations leading to increased cardiovascular mor-
tality. Recently, the visceral adiposity index (VAI) has been proposed as a marker of visceral adipose tissue dysfunction
(ATD) and of the related cardiometabolic risk. We aimed to evaluate the impact of 12-month pasireotide treatment on
cardiometabolic risk in CD patients.
Methods This is a multicentre, prospective, and observational study. Sixteen CD patients, referred to the Endocrine Units of
the University Hospitals of Messina, Napoli, Padova, and Palermo (Italy), successfully treated with pasireotide for 12 month
have been enrolled. In all patients, we assessed anthropometric, clinical, and biochemical parameters and calculated VAI,
ATD severity, Framingham, and atherosclerotic cardiovascular disease (ASCVD) risk scores, before and after 6 and
12 months of treatment with pasireotide (1200–1800 mcg/daily).
Results Before starting pasireotide treatment, ATD was present in 7/16 patients (mild in 2/16, moderate in 3/16, and severe
2/16). After 12 months of treatment: (i) 24h-urinary free cortisol levels (p= 0.003), BMI (p< 0.001), waist circumference (p
= 0.001), LDL-cholesterol (p= 0.033), total-cholesterol (p= 0.032), triglycerides (p= 0.030), VAI (p= 0.015), and ATD
severity (p= 0.026) were significantly decreased as compared to baseline; (ii) ATD was present in only 1/16 patients; (iii)
prevalence of diabetes mellitus (p= 0.015) and HbA1c levels (p= 0.001) were significantly increased as compared to
baseline; (iv) Framingham and ASCVD risk scores were not significantly different from pre-treatment values.
Conclusions Twelve-month pasireotide treatment significantly reduces VAI and ATD in CD patients. These positive effects
on cardiometabolic risk occur despite no change in Framingham and ASCVD risk scores and the increase in the prevalence
of diabetes mellitus.
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Introduction

Cushing’s disease (CD), a rare but severe condition due to
an adrenocorticotropic hormone (ACTH) secreting pituitary
tumor, is the most frequent cause of endogenous hyper-
cortisolism [1]. Several studies showed that CD patients are
at increased risk of mortality, especially in cases with per-
sistent disease [2–4]. The increased mortality is mainly due
to cardiovascular events as a consequence of glucocorticoid
(GC)-related hypertension, structural and functional cardi-
ovascular changes, thrombotic diathesis, and metabolic
derangement [5, 6]. Indeed, GC excess induces several
metabolic alterations leading to impairment of glucose tol-
erance, dyslipidaemia and visceral obesity, all together
features of the metabolic syndrome [7]. As a consequence,
in CD patients the main therapeutic goals are to normalize
cortisol levels and to appropriately address the metabolic
comorbidities in order to reduce the cardiovascular risk.

The first-line treatment of CD is the surgical removal of
the pituitary tumor [1]. When pituitary surgery is not fea-
sible or not curative, pharmacological control of hypercor-
tisolism should be considered [1, 8]. Pasireotide, a
multireceptor-targeted somatostatin analog, is the only
pituitary directed drug approved for the treatment of CD. It
has been shown to be effective in reducing urinary cortisol
levels and to ameliorate the clinical picture reducing body
weight and systolic (SBP) and diastolic blood pressure
(DBP) and improving lipid profile and health-related quality
of life [9–13].

Recently, the visceral adiposity index (VAI) has been
proposed as a marker of adipose tissue distribution and
dysfunction (ATD), which indirectly reflects cardiometa-
bolic risk [14, 15]. VAI is a gender-specific mathematical
model based on anthropometric and metabolic parameters
[14, 15], independently associated with cardio-vascular and
cerebro-vascular events as reported in several studies; it has
been also proposed as early indicator of cardiometabolic
risk in patients with borderline conditions, before they
develop overt metabolic syndrome [14]. VAI has been
proven to be a useful marker of cardiometabolic risk in
patients with acromegaly and it has been shown to be a
reliable measurable parameter of the positive metabolic
modifications induced by cabergoline treatment in patients
with prolactin secreting pituitary tumors [16, 17]. More-
over, VAI has been found to be high in patients with CS—
as expected because of the GC excess related visceral adi-
pose dysfunction—, and it has been suggested to be a
potential useful index of therapeutic outcome [14, 18].

In this study, we aimed to assess the impact of 12-month
therapy with pasireotide in CD patients: (i) on cardiometa-
bolic risk, evaluated by VAI; (ii) and on cardiovascular risk,
evaluated by Framingham risk score (FRS) and the 10-year
primary risk of atherosclerotic cardiovascular disease

(ASCVD) score according to the American College of
Cardiology/American Heart Association cardiovascular risk
guidelines [19].

Patients and methods

This is a multicenter, prospective, longitudinal study per-
formed in 16 CD patients (11 females, mean age at eva-
luation 43.8± 12.1 years), referred to the Endocrine Units
of the University Hospitals of Messina, Napoli, Padova, and
Palermo (Italy), who underwent successful pasireotide
treatment for at least 12 months.

In all patients anthropometric, clinical, and biochemical
parameters were assessed and VAI, ATD severity, Fra-
mingham, and ASCVD risk scores were calculated before
(baseline) and after 6 and 12 months of therapy with
pasireotide (1200–1800 mcg/daily). All the parameters
evaluated at 6 and 12 months have been compared with
baseline findings. Moreover, the cardiometabolic indexes
(VAI and ATD severity) have been correlated with clinical
and biochemical parameters assessed at the three different
time points (baseline, and after 6 and 12 months of
treatment).

All patients had undergone pituitary surgery before
starting pasireotide therapy: four of them had also received
stereotactic radiotherapy completed since at least 3 years,
whereas two patients had undergone unsuccessful adrena-
lectomy. Moreover, ten patients had undergone other
medical treatments: ketoconazole in seven cases, cabergo-
line in six, association of cabergoline and ketoconazole had
been used in two patients, and temozolomide in one patient.

In all patients pasireotide was administered at the initial
dose of 600 µg twice a day (bid) subcutaneously, which was
up-titrated to 900 µg bid in cases with still increased 24 h-
urinary free cortisol (UFC) levels (in 1 patient after
3 months, in 1 after 6 months, in 1 after 9 months).

In all patients, concomitant pituitary deficiencies were
stably replaced as appropriate (according to generally
accepted criteria and to the most recent guidelines), and the
biochemical evaluation of pituitary function at 6 and
12 months from enrollment ruled out the occurrence of new
hormone deficits. None of the patients experienced cardio-
vascular events before or during treatment.

The local Ethical Committee approved the study. The
patients consented to the study and signed consent form.

Anthropometric and clinical parameters

We assessed (at baseline, and after 6 and 12 months of
pasireotide treatment): weight, body mass index (BMI),
waist circumference, SBP and DBP, smoking habit,
occurrence of diabetes mellitus (DM) or impaired glucose
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tolerance (IGT), hypertension, dyslipidaemia, and metabolic
syndrome. Diabetes mellitus or IGT have been diagnosed
according to the most recent guidelines [20]. Metabolic
syndrome has been diagnosed according to the NCEP-ATP
III criteria [21].

Biochemical parameters

We assessed (at baseline, after 6 and 12 months of pasir-
eotide treatment): serum cortisol level, UFC (x upper limit
of normal, xULN), plasma ACTH, fasting blood glucose,
glycosylated hemoglobin levels (HbA1c), and lipid profile
(total and high-density and low-density lipoproteins [HDL
and LDL, respectively] cholesterol levels and triglycerides
[TG]). All biochemical data were obtained after overnight
fasting. Glycaemia, HbA1c, ACTH, cortisol and UFC, and
lipid levels were measured in the laboratories of each
University Hospital by means of standard validated
methods.

Cardiometabolic and cardiovascular risk assessment

VAI has been calculated in all cases by means of the pro-
posed sex-specific algorithm in which TG and HDL-
cholesterol levels are expressed in mmol/L: for males,
VAI= [WC/ 39.68× (1.88× BMI)] x (TG/1.03) x (1.31/
HDL); for females, VAI= [WC/36.58× (1.89×BMI)] x
(TG/0.81) x (1.52/HDL) [14, 15, 22]. We distinguished
patients with normal or increased VAI on the basis of the
proposed age-related cut-off points of VAI [14, 22]. The
ATD has been classified as absent, mild, moderate and
severe, according to the age-related cut-off values of VAI,
as previously proposed [14, 22].

FRS has been calculated for each patient as currently
recommended (https://www.framinghamheartstudy.org/

risk-functions/cardiovascular-disease/10-year-risk.php).
ASCVD 10-year risk score has been calculated according to
the pooled cohort risk assessment equations as elsewhere
recommended [19].

Statistical analysis

The numerical data are expressed as mean and standard
deviations, and the categorical variables as count and per-
centage. The non-parametric approach was used because the
sample size is low and the numerical variables were not
normally distributed, such as verified by
Kolmogorov–Smirnov test. In order to evaluate the exis-
tence of statistically significant differences at two different
time points (basal vs. 6 months, and vs. 12 months) the
Wilcoxon test was applied for numerical parameter and the
Mc Nemar test was applied for dichotomous data. The non-
parametric Spearman correlation test was applied in order to
assess the existence of any significant interdependence
between VAI or ATD and other numerical parameters.
Statistical analyses were performed using SPSS 17.0 for
Window package. P< 0.050 two-sided was considered to
be statistically significant.

Results

Anthropometric, clinical, and biochemical parameters
before and after 6 and 12 months of treatment with pasir-
eotide are summarized in Table 1.

Pasireotide therapy significantly reduced UFC levels
after 6 and 12 months of treatment (P= 0.001 and 0.003,
respectively), as well as serum cortisol and ACTH levels
after 6 months (P= 0.019 and 0.013, respectively)
(Table 1).

Table 1 Anthropometric. clinical, and biochemical parameters before and after 6 and 12 months of treatment with pasireotide

Baseline After 6 months P After 12 months P

Weight (kg) 89.93± 31.07 82.59± 28.29 0.001 82.06± 30.60 <0.001

BMI (kg/m2) 34.43± 12.46 31.38± 10.87 0.001 31.11± 11.61 <0.001

Waist circumference (cm) 111.06± 18.67 105.87± 17.41 0.001 104.31± 19.45 0.001

SBP (mmHg) 119.68± 19.44 120.62± 13.40 NS 120.93± 20.10 NS

Total-cholesterol (mg/dl) 224.43± 47.34 201.87± 35.42 0.003 202.56± 29.17 0.032

HDL-cholesterol (mg/dl) 60.06± 14.48 53.81± 12.36 0.005 62.62± 15.19 NS

LDL-cholesterol (mg/dl) 138.37± 48.02 119.43± 30.30 0.014 119.75± 25.93 0.033

Triglycerides (mg/dl) 129.68± 42.83 142.81± 51.55 NS 101.25± 36.90 0.030

HbA1c% 5.87± 0.83 6.65± 1.19 0.003 6.8± 1.26 0.001

UFC (xULN) 2.27± 3.48 0.48± 0.30 0.001 0.64± 0.33 0.003

Serum cortisol (mcg/dl) 20.60± 8.67 15.48± 5.07 0.019 18.86± 7.66 NS

ACTH (pg/ml) 105.44± 118.45 70.98± 78.23 0.013 76.75± 72.52. NS

BMI body mass index, SBP systolic blood pressure, xULN times upper limit of normal, NS not significant
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Weight, BMI and waist circumference were significantly
reduced after 6 (P= 0.001, 0.001, and 0.001, respectively)
and 12 months of therapy (P< 0.001, <0.001, and 0.001,
respectively).

Hypertension was present at baseline, and after 6 and
12 months of treatment in nine patients (56.3%).

Dyslipidaemia was diagnosed in eight patients (50.0%)
at baseline, confirmed in 7 (43.8%) after 6 months and in 5
(31.3%) after 12 months of therapy. Only one out of the
eight patients with dyslipidaemia at baseline was treated
with omega-3 fatty acids that have been discontinued at the
6-month evaluation. Lipid profile ameliorated since total
and LDL cholesterol were significantly reduced after 6 (P
= 0.003 and 0.014, respectively) and 12 months (P= 0.032
and 0.033, respectively) of treatment. A significant decrease
of TG levels was found after 12 months (P= 0.030) (Table
1).

DM or IGT were present at baseline in 7 and 1 patients,
respectively, while in 11 and 1 cases after 6 months, and in
12 and 2 patients after 12 months of pasireotide. As com-
pared to baseline, the prevalence of DM was significantly
increased at both 6-month and 12-month evaluation (P=
0.038 and 0.015, respectively) (Table 2). HbA1c levels
were significantly increased after 6 (P= 0.003) and

12 months (P= 0.001) of pasireotide treatment. Anti-
diabetic treatment during the study period is summarized in
Table 3.

Metabolic syndrome was diagnosed, at baseline, in 8
(50.0%) patients (3 with ATD), while in 10 (62.5%, one
with moderate ATD) after 12 months of treatment.

VAI and ATD severity were significantly reduced after
12 months of treatment (P= 0.015 and 0.026, respectively)
as compared to baseline (Table 4). At baseline, ATD was
absent in 9 cases (56.2%), mild in 2 (12.5%), moderate in 3
(18.8%), and severe in 2 (12.5%). It was absent in 8 patients
(50.0%), mild in 2 (12.5%), moderate in 2 (12.5%), and
severe in 4 (25.0%) after 6 months of treatment, while it
was absent in 15 patients (93.7%) and moderate in 1
case (6.3%) at 12-month evaluation. No correlation was
found between VAI or ATD severity and age at diagnosis,
age at evaluation, smoking habit, previous medical or
radio-therapy, dose of pasireotide, HbA1c, cortisol, ACTH
and UFC levels, ASCVD, and FRS before or after
treatment.

Mean ASCVD risk score were 4.10± 4.93, 6.82± 8.16,
and 6.57± 8.19, while mean FRS were 11.18± 10.32,
10.77± 9.23, and 11.71± 10.58, at baseline and after 6 and
12 months of treatment, respectively (P=NS) (Table 4).

Table 2 Metabolic and
cardiovascular comorbidities
before and after 6 and 12 months
of treatment with pasireotide

Baseline After 6 months P After 12 months P

Diabetes mellitus (n°) 7 (43.8%) 11 (68.8%) 0.038 12 (75.0%) 0.015

Dyslipidaemia (n°) 8 (50.0%) 7 (43.8%) NS 5 (31.3%) NS

Arterial hypertension (n°) 9 (56.3%) 9 (56.3%) NS 9 (56.3%) NS

NS not significant

Table 3 Anti-diabetic therapy
before and after 6 and 12 months
of treatment with pasireotide

Baseline 6 months 12 months

Patient 1 Metformin Metformin DPP4I

Patient 2 Metformin, insulin Metformin, insulin, DPP4I Metformin, insulin, DPP4I

Patient 3 – – Metformin

Patient 4 – – Metformin

Patient 5 – – –

Patient 6 – Metformin Metformin

Patient 7 Metformin Metformin, GLP1A Metformin, GLP1A, acarbose

Patient 8 Metformin Metformin, GLP1A, secretagogue Metformin, GLP1A, secretagogue

Patient 9 Metformin Metformin, GLP1A, secretagogue Metfromin, GLP1A, secretagogue

Patient 10 Metformin Metformin, acarbose Metformin, acarbose

Patient 11 Metformin GLP1A, acarbose, insulin Insulin, acarbose

Patient 12 – – –

Patient 13 – – –

Patient 14 – Metformin, acarbose Metformin, acarbose

Patient 15 Insulin Metformin Metformin

Patient 16 Metformin Metformin, GLP1A, insulin Secretagogue, GLP1A, insulin

GLP1A glucacon like pepetide 1 analog, DPP4I dipeptidyl peptidase 4 inhibitor
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Discussion

In this study, we showed that 12-month treatment with
pasireotide improved anthropometric parameters, reduced
the prevalence of dyslipidaemia and ameliorated the lipid
profile, and significantly reduced VAI and adipose tissue
dysfunction, positively impacting on cardiometabolic risk.

It is well known that CD is associated with metabolic
alterations such as impairment of glucose metabolism,
dyslipidaemia, visceral obesity, and systemic arterial
hypertension that configure a condition of metabolic syn-
drome, which in addition to cardiovascular changes and
clotting disorders play a critical role in increasing cardio-
vascular risk and mortality rate [6, 7].

Arterial hypertension is rather common being reported in
up to 80% of patients and is considered an independent
predictor of mortality in CD patients [23]. In our study, the
prevalence of hypertension was not affected by pasireotide
treatment although normalization or decrease >50% of UFC
was reached in 93.8 and 100.0% of patients after 6 and
12 months, respectively. However, the anti-hypertensive
treatment was reduced in 18.8% of patients after 6 and
12 months of therapy. In the paper from Pivonello et al.,
decrease of UFC levels after 12 months of pasireotide
treatment was accompanied by a significant improvement of
SBP and DBP and, in some cases, this improvement was
reached also in patients with still increased UFC levels [10].

Glucose tolerance abnormalities are among the most
frequent GC excess related complications. Hyperglycemia
in CD is due to several concurring factors that lead to
increased peripheral insulin-resistance and gluconeogenesis,
combined with reduced insulin secretion [7]. Pasireotide has
been shown to be diabetogenic by reducing the secretion of
both insulin and incretins [24]. However, pasireotide
induced hyperglycemia can be successfully controlled by
using a proper therapeutic strategy as recently suggested
[25]. As expected, in our study, HbA1c levels and pre-
valence of DM significantly increased during pasireotide
treatment. Moreover, elevation in fasting glucose also

explains the slight increase in the prevalence of metabolic
syndrome after 12 months of treatment.

CD patients generally show an atherogenic lipid profile,
with increased LDL cholesterol and TG and reduced HDL
cholesterol levels [6, 7]. In this study, lipid metabolism
parameters significantly improved and, as a consequence,
prevalence of dyslipidaemia decreased after 12-month treat-
ment with pasireotide, in line with previous reports [1, 10].

Up to 100% of patients with CD has abdominal or
visceral obesity that is strongly associated with cardiovas-
cular risk [5–7]. Since waist circumference alone is not able
to differentiate between visceral and subcutaneous fat mass,
recently VAI has been proposed as a marker of visceral fat
dysfunction, which indirectly reflects cardiometabolic risk
[14, 15]. Some authors demonstrated that moderate and
severe ATD are independently associated with cardiovas-
cular events, while mild, moderate, and severe ATD with
cerebrovascular events [14]. Furthermore, VAI has been
shown to be a marker of an unfavorable adipokine profile,
which is also frequently altered in patients with hypercor-
tisolism [7, 26]. The relevance of VAI has been also
explored in some endocrine diseases. In women with
polycystic ovary syndrome, VAI correlated with severity of
anovulation, insulin resistance and inflammation [27, 28]. In
acromegaly, VAI seems to be strongly related to insulin
resistance, ATD, and cardiometabolic risk, especially in
post-menopausal women [17]. Moreover, VAI has been
shown to correlate with insulin sensitivity in adult GH
deficient patients and to be positively influenced by GH
replacement treatment, in line with other findings suggest-
ing a strong relationship among GH axis, VAI, and meta-
bolic risk [29, 30]. In euthyroid type 2 diabetic subjects,
higher TSH levels associated to higher VAI values and
other cardiovascular risk factors [31]. In patients with pro-
lactinoma, two studies demonstrated that cabergoline
treatment reduces significantly VAI, improving metabolic
profile and insulin sensitivity [16, 32]. VAI has been shown
to be a reliable marker of cardiometabolic risk also in
patients with craniopharyngioma [33]. In CD patients,

Table 4 Cardiometabolic and
cardiovascular indexes before
and after 6 and 12 months of
treatment with pasireotide

Baseline After 6 months P After 12 months P

VAI (mean± SD) 1.93± 1.02 2.29± 1.35 NS 1.29± 0.67 0.015

ATD

Absent (n°) 9 8 NS 15 0.026

Mild (n°) 2 2 – 0 –

Moderate (n°) 3 2 – 1 –

Severe (n°) 2 4 – 0 –

FRS (mean ± SD) 11.18± 10.32 10.77± 9.23 NS 11.71± 10.58 NS

ASCVD (mean± SD) 4.10± 4.93 6.82± 8.16 NS 6.57± 8.19 NS

VAI visceral adiposity index, ATD adipose tissue dysfunction, FRS Framingham risk score, ASCVD
atherosclerotic cardiovascular disease risk score, SD standard deviations, NS not significant
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because of the increase in WC, BMI, and TG and lower
HDL-cholesterol levels, VAI is higher than in general
population. A recent study found an increased VAI in both
women and men with CS, and confirmed the loss of gender-
related cardiovascular protection of women when they
experience an increase in visceral adipose tissue [18]. In the
present study, after 12 months of pasireotide, VAI was
significantly reduced as compared to baseline and ATD was
absent in all patients but one. The reduction of VAI and
ATD did not correlate with biochemical or clinical para-
meters others than lipid profile and anthropometric indexes.
This could suggest that the metabolic improvement can be
independent of cortisol levels decrease.

Cardiovascular risk, assessed through the calculation of
Framingham and ASCVD risk scores, was not significantly
different after 6 and 12 months of therapy, compared to
baseline. This can be also explained on the basis of the short
period of observation and of the increase in DM prevalence
that significantly impact on classical cardiovascular risk
score algorithms. In this regard, it is worth of noting that
these scores just consider the occurrence of DM per se
rather than the parameters of glycaemic control, making the
VAI a more suitable marker of cardiometabolic risk in
patients with CD, since their cardiovascular outcome could
be more influenced by adipose tissue changes, which can
persist even after remission. Moreover, the VAI could be a
more appropriate parameter for cardiometabolic risk strati-
fication even in the short-term follow-up of CD patients,
since it is influenced by continuous variables differently
from most of the cardiovascular risk scores’ algorithms. On
the other hand, a larger study population and a longer time
of observation are required to definitely evaluate the impact
of the combination of both pasireotide-associated reduction
of VAI and diabetogenic effect on cardiovascular outcomes
in CD patients. However, provided the known effects on
glucose metabolism, the cardiovascular outcomes of pasir-
eotide treatment, considering the positive impact on VAI,
might be better in CD patients as compared with an other
population with the same degree of glycaemic control.

In conclusion, 12-month pasireotide treatment sig-
nificantly reduces VAI and ATD and consequently improves
cardiometabolic risk in patients with Cushing’s disease.
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