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Gender-related differences in carotid
atherosclerosis and flow-mediated dilation
in patients with Cushing’s disease

1 ZULTAN 1, M. BEASTOLO L F. MANCA 1, L. SAROLO ', F. POMERRI 2, I/ BILORA !

Aim. Patients with Cushing’s syndrome have
a cardiovascular mortality rate four times
higher than the general population. The pur-
pose of this study was to establish any signif-
icant difference in cardiovascular morbidity
evaluated by Intima-media Thickness (IMT)
and endothelial dysfunction (FMD) among a
group of patients with Cushing’s syndrome
and a control group maiched for gender, age
and classic risk factors for atherosclerosis.
Methods. We retrospectively studied 63 pa-
tients (45 females and 18 males) with ACTH-
dependent Cushing’s syndrome. This group
was matched and compared with a control
group selected by their anthropometric and
metabolic characteristics. All subjects under-
went ultrasound of carotid arteries determin-
ing the related IMT and of brachial artery for
FMD.

Resulls. Cases presented greater IMT and
lower FMD% compared with controls, par-
ticularly the women. When the two genders
within the group of Cushing’s patients were
compared, we could find no significant dif-
ferences in IMT or FMD between males and
females. When these results were correlated
with atherosclerotic risk factors, FMD was
strongly reduced in female Cushing’s patients
by comparison with the female controls and
it correlated closely with dyslipidemia and
BMI, Among the males with Cushing’s syn-
drome, the IMT and FMD findings correlated
strongly with diabetes.

Conclusion, Qur retrospective case-control
study indicates that Cushing’s patients have
a lower FMD and a higher carotid IMT, which
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correlate with their metabolic syndrome and
are wninfluenced by gender. For this reason,
it is important the control of their endothe-
lial function to prevent atherosclerosis.

Key worps: Cushing’s syndrome - Carotid intima-
media thickness - Gender.

Cushing’s syndrome {CS} is an endocrine
disorder characterized by hypercortiso-
lism, possibly caused by exogenous intake
or endogenous hyperincretion of cortisol, a
situation that may or may not be the result
of hiyperincretion of ACTH.!
Hypercortisolism consequences are car-

" diovascular complications and a four time

higher mortality rate than in normal popu-
lation.2 This is related to visceral obesity,
systemic arterial hypertension, impaired
glucose tolerance, hyperlipidemia and
thrombotic diathesis, typical of hypercorti-
solism.?

Some studies have revealed the preva-
lence of atherosclerotic lesions only in the
acute phase of CS,# others also in the sub-
clinical state.3 The atherogenic role of cor-
tisol has been clarified in animal models
treated with steroids ¢ for long periods, and

Vol 173 - No, 12 GAZZETTA MEDICA ITALIANA - ARCHIVIG PER LE SCIENZE MEDICHE




ZULIAN

humans chronically on steroid therapy that
developed early atherosclerotic lesions. 711

Most CS patients have a metabolic syn-
drome, which is responsible for the pro-
gression of their atherosclerosis and for
endothelial damage.12 Color Doppler ultra-
sound of the carotid district reveals a greater
prevalence of plaques in CS patients than in
controls 13 14 and the cardiovascular risk in
CS persists even after 5 years in remission.

The syndrome affects females more than
males (F:M=8:1) and has certain gender-
refated differences. Males develop the syn-
drome in younger age, for instance, while
urinary cortisol and ACTH levels are higher
in females.

As for clinical symptoms, females have no
prevailing symptoms, while males have a
catabolic state, osteoporosis, myopathy and
strice rubrae.

Cardiovascular complications are seen in
older age in females, but they tend to de-
velop more quickly than in males and rep-
resent the primary cause of death among
female Cushing's patients. It is important to
remember that aging has also a role 16

Furthermore, atherosclerotic risk factors
differ by gender. Isolated systolic hyper-
tension is more common in females over
45 years of age than in males of the same
age, due to menopause.!? Hyperglycemia
and obesity are also more common in
middle-aged women than in men of the
same age.

Another consideration concerns protec-
tive cholesterol levels (C-HDL), which in-
crease with age in women up until meno-
pause, then they drop back. High C-HDL
levels have protective effects against cardio-
vascular disease.l?

LDL cholesterol also increases after men-
opause. Smoking increases risk for coro-
nary disease in males and females, but has
a multiple effect in women taking oral con-
traceptives.l7 Diabetes mellitus seems to
have a stronger effect on cardiovascular risk
in women than in men.t?

Based on these observations, we at-
tempted to determine whether cardiovas-
cular risk increases in patients with Cush-
ing’s syndrome by comparison with healthy
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controls, by assessing their carotid intima-
media thickness IMT and measuring their
flow-mediated dilation (FMD) in the bra-
chial artery.

We also tried to establish whether there
was any gender-related difference in these
early signs of atherosclerosis in cases and
controls. This last assessment was based on
the association among FMD and classic car-
diovascular risk factors.

Materials and methods

We studied 63 patients (45 females,18
males) with ACTH-dependent Cushing’s
syndrome (61 from pituitary adenoma), only
2 of whom (one malte and one female) had
ectopic ACTH secretion, during the active
phase of disease. Our data were collected
from medical records of all the patients at-
tending the Endocrinology Clinic at Padova
University between 2000 and 2010. All the
subjects had active Cushing’s syndrome. For
all patients, we recorded the classic athero-
sclerotic risk factors, such as hypertension,
BMI, diabetes or glucose intolerance, hy-
perlipidemia, and smoking habit. The diag-
nosis of Cushing’s syndrome was based on
the following criteria:1. an increased daily
urinary cottisol excretion with inappropri-
ately high plasma ACTH concentrations; 2.
a raise in basal scrum cortisol concentra-
tions with a loss of the physiological cir-
cadian rhythm; and 3. failure of low-dose
dexamethasone to induce urinary and se-
rum cortisol, while more than 50% decrease
was recorded with high-dose dexametha-
sone test. All of the Cushing’s patients had
urxlergane pituitary NMRI or CT.

To assess the subjects’ cardiovascular risk,
we examined all the results of color Dop-
pler ultrasound of the carotid (to study IMT)
and the brachial artery (for the FMD study).
All the vascular tests were conducted at the
same center and by the same team.

The control group was composed of sub-
jects matched by age, BMI and cardiovas-
cular risk factors, taking no steroid therapy
and referring to the IT Medical Clinic at Pa-
dova University. We ruled out subjects with
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cardiovascular, immunological or endo-
crinological diseases, or pregnancy.

The experimental protocol was designed
and performed according to the principles
of the Helsinki Declaration and was ap-
proved by the Ethical Committee of the
Padua University Central Hospital.

Table T show the similar characteristics of
cases and controls.

Clindcal assessments

BMI was calculated as the person’s
weight divided by their height squared. We
considered obesity as a BMI of 30 kg/m? or
more, overweight in the range of 25-30 kg/
m?, and normal weight between 20 and 24
kg/m?. Hypertension was diagnosed if the
individual’s blood pressure was higher than
140/90 mmHg or they were taking antihy-
pertensive therapy.

Laborafory assessmenits

We considered glycemia, total cholesterol
(TC), triglycerides (TG), urinary free corti-
sol, ACTH and plasmatic cortisol after the
dexamethasone test (1 mg).

We classified cases and controls accord-
ing to whether or not they were: smokers
(if they smoked 10 or more cigarettes a day
at the time of the assessment or quit less
than a4 month earlier); hypertensive (systo-
lic values »140 mmHg and/or diastolic vai-
ues >90 mmHg on at least two occasions
when measured in a supine position after a
20 minute rest, or the use of antihyperten-
sive medication); obese (BMI >20); diabetic
(plasma glucose >126 mg/dL after fasting

TaBLE L—Characteristics of examined subjects.
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on at least two occasions, or >200 mg/dL
2 hours after 75 g oral glucose challenge,
and/or the use of anti-diabetic drugs). In-
sulin resistance was assessed by the home-
ostasis index (HHOMA), calculated by fasting
plasma glucose levels (FPG) in mmol/L and
fasting plasma insulin levels (FIRD} in pU/
mL (HOMA IR = FPGxFIRI/22.5). Their li-
pid profile was obtained by measuring total
HDL and LDL cholesterol, and triglyceride
concentrations: hyperlipidemia was clas-
sified as fasting venous concentrations of
cholesterol >240 mg/dl and or triglycerides
>250 mg/dL on at least two occasions, and/
or the use of lpid-lowering drugs.

Ultrasoitnd assessnient

All subjects underwent color Doppler ul-
trasound of the carotid artery with an Esa-
ote Technos MP high-definition instrument
using a 7.5 MHz annular phased array trans-
ducer. All carotid artery districts were di-
vided into three segments (inferior, medial
and superior) with a 60° angle of incidence.
Two technicians completed the exams and
a third operator reviewed the images ac-
quired.

Two parameters were considered for
cach arterial district, [.e., IMT (in mm) and
the extent of atherosclerotic lesions, ex-
pressed as the percentage of stenosis in the
vascular lumen. IMT was measured using
the method described by Pignoli ef .18

FLOW-MEDIATED BRACIHIAL ARTERY DILATION

FMD measurements are widely accepted

“as a valid indicator of endothelial function

Females Males
Cases (43) Congrols {45) Cases (18) Conirols (18)

Mean age 42.1x13,9 41.6x13.8 43.2+13.7 42.7x£14.0
BN 27.5%5.1 25.624.0 28.4+5.1 27.4x4.7
Hypertension? (>140/90 mmHg) 51 30 6l 61
Dyslipidemia% (CT and/or TG) 34 33 56 50
Smokers % 22 22 67 (5]
IGT ot diabetes % A2 38 39 33

BME: body mass index, 1GT: impaired glucose tolerance; CT: 1ol cholesterol; 1G: wiglycerides.
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and FMD is considered one of the carliest
signs of atherosclerosis.’ The procedures
adopted were those described in the Guide-
lines of the Internationai Brachial Artery Re-
activity Task Force.20 We did not perform
FMD endothelium —dependent vasodilata-
tion with nitroglycerin because insulin-re-
sistance limits it, and it is impaired in dia-
betics subjects.?! 22

Statistical analysis

IMT and FMD findings were compared
using Student’s two-tailed t-test for matched
data. Data are given as mean x3D. Statisti-
cal significance was assumed where p<0.05.

Results

Cases and controls had a similar cardio-
vascular risk profile,

Among the Cushing’s cases, there were
more male than female smokers (67% ver-
sus 22% of women) and this male subgroup
also contained more cases of hypercho-
lesterolemia (56% wversus 38% in women)
and hypertension (61% wversus 51% of the
females) (Table 1). HOMA index was avail-
able only in cases (3.0+£1.8).

Comparison of color Doppler ultrasound

GENDER-RELATED DIFFERENCES IN CAROTID ATIIEROSCLEROSIS

findings between women with CS wversus
women without Cushing’s syndrome, and
between the men with CS versus men with-
out the syndrome demonstrated that FMD
was significantly reduced in the Cushing’s
patients of both genders. IMT was signifi-
cantly greater in Cushing's patients in cony-
mon carotid arteries (Table ID.

When the CS group was considered alone,
there was no difference in the IMT or FMD
between males and females (Tabie 111}, and
risk factors that seemed to correlate with
EMD were glucose intolerance/diabetes and
HOMA index in females (p<0.04, p<0.01)
and smoking habit in males (p<0.02).

In control group, men had a higher IMT
and a more severely reduced FMD than fe-
males. FMD seemed to correlate with age
(p<0.0001) and dyslipidemia in females
(p<0.02).

Comparing the changes in FMD be-
tween CS cases and controls in terms of
their atherosclerotic risk factors we discov-
ered a reduced FMD in females (both CS
cases and controls) was closely connected
to a higher BMI (p<0.00006), dyslipideniia
(p<0.004) and smoking (p<0.02), while for
males {both cases and controls) the correla-
tion was with glucose intolerance/diabetes
(p<0.05) (Table IV).

Among the subjects under 50 years old,

Tanie IL—dntima-medic thickness (IMT) and flow-mediated difation (FMI2) in female and male cases and

CONTTols,
Female Male
Cases Controls P Cases Controls e
IMT-CC mm (.9+0.3 0.740.2 0.0009 $4.0x0.2 0.8£0.2 0.01
IMT-B mm 0.8+0.3 0.8£0.2 ns 0.9+0.3 0.920.2 ns
IMT-TCA mun 0.8+0.3 0.8£0.2 ns 0.9+0.3 0.9+0.2 ns
FMD % 12.3+5.2 23.9£12.6 0.000003 10.06 £3.9 15.546.2 0.04

CC: common carotid artery; 3: bulb; ICA: internal carotid artery.

Tapie 1—Intima-media thickness (IM1) and flow mediated dilalion (FMD} in female and male Cusbing's

patients and in_female and male conirols.

TMT-CC

IMT-B [MT-TCA

Cushing males/females o o i EMD %
P n.s. 7.5, n.s, .38,
Controls males/females IMT-CC IMT-B IMT-ICA FMD
r .03 0.009 0.03 0.608

IMT: intima-media thickness; CC: common carotid arlery; B: bulb; ICA: intesnal carotid arlery.

GAZZFTTA MEDICA ITALIANA - ARCHIVIO PER LE SCIENZE MEIHCHE CGennaio-Febbraio 2014

24




SIS

LS

th
1wl

e
25

ia

GENDER-RELATED DIFFERENCES IN CAROTID ATIIEROSCLEROSIS

ZULIAN

TaBLE IV.—Coivelation betiveen recduced flow- mediated dilation (FMI3) and atherosclerotic risk faciors in

female and male cases and controls.

Female Male
. Cases/Controls Cases/Controls
BMI>25 P<0.0000 BMI=25 P<0.02
Dyslipidemia P<0.004 [yperglicemia P<0.05
Smoking P<0.02 Smoking P<0.003

TABIE V.—Reduction in_flow-mediated difation (FMD) in cases and conirols and age: gender-related differ-

eHees.

D Controls Cases
M<50 years 17.4+06.0 14.3+5.0
F<50 years 28.1+12.8 16.6£1.6
D <0.001 <301
M>50 years 12.4+5.4 11.2+3.2
F>50 years 14.7+5.3 12.242.2
P ns ns

male controls had a greater (reduction)
FMD than the females controls; beyond
this age, gender-related difterences in FMD
were less evident (Table V). Much of the
same findings applied to CS cases, but the
differences were less marked (Table V).

Discussion

Our study on 63 cases of Cushing’s syn-
drome aimed to identify early cardiovascu-
lar changes and gender-related differences
and to correfate them with classic athero-
sclerotic risk factors by comparison with a
homogeneous control group.

Our study was retrospective, therefore
we chose a control group with no cardio-
vascular diseases and with strong similarity
to our CS cases. This enabled us 1o see.if
issues other than classic atherosclerotic risk
factors might influence the evolution of ath-
erosclerosis in Cushing’s patients, also de-
pending on gender.

Our results showed that CS patients have
early markers of atherosclerosis, such as a
reduced FMD and an increased IMT, with
no gender-related differences (which were
identified instead in controls). We did not
make flow-mediated dilation of brachial
artery in these patients because is now
accepted that this parameter can be im-

paired if subjects are diabetics like Cush-
ings 21, 22 even if some authors did it.25 Risk
factors relating to these findings were an
increased glycemia and insulin resistance in
women and smoking in men. These find-
ings confirm the value of insuiin resistance
in the process of endothelial dysfunction
and atherosclerotic damage.t OQur data
should be considered with caution, howev-
er, because our group of CS cases included
fewer males (due to the fact that Cushing'’s
syndrome has a female predilection, and
that males were three times more likely to
be smokers than females).

Our data on differences in blood glu-
cose levels scems to be of greater interest
because this risk factor carried the same
weight in the two cases group (males and
females) and the literature indicates a high-

" er prevalence of glucose intolerance among

women after menopause than men.?s

In our control group, there were relevant
gender-related differences and the corre-
lation between atherosclerotic risk factors
was more evident in older women, with
high blood lipid and glucose levels. These
findings are consistent with recent reports
that menopause marks the time when car-
diovascular risk becomes the same in men
and women. 26

IMT in the casotid district was greater
in Cushing's patients than in controls, par-
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ticularly in common carotid artery. This
condition has already been reported in lit-
erature,? but it becomes more significant
considering that our CS cases were a mean
of 41 years old and their gender did not
influence the result.

FMD is an early marker of atherosclerosis,
so we attempted to establish whether it cor-
related with the classic atherosclerotic risk
factors. Comparing FMD in G5 cases versus
controls revealed a correlation with all risk
factors, but no gendet-related differences.
Correlation was stronger in older women,
BMI and dyslipidemia than in men. These
results are consistent with cusrent litera-
ture;2% an high BMI and central obesity are
important triggers for metabolic syndrome
and hormone changes are responsible for a
greater cardiovascular risk (increasing IMT
and decreasing FMD). Gender and age also
influence cardiovascular risk.? We did not
find a correlation with hypertension and
cases, like reported in literature, probably
because all were in treatment with two or
three drugs. Literature indicates a corrcla-
tion between age and carotid artery IMT
while females are at lower cardiovascular
risk than males, but only until menopause;
this risk increases in women with metabolic
syndrome. 3!

Conclusions

Our retrospective  case-control study
demonstrates that Cushing’s patients have
a reduced FMD and an increased IMT in
the carotid district — results that cannot
be explained by the metabolic syndrome
alone.

The changes in the carotid arteries were
not found gender-dependent in cases of CS,
in contrast with the condition of general
population. This is due to their hypercot-
tisolism per se. In older women, metabolic
syndrome may have a stronger influence in
reducing FMD than in males, thus predis-
posing them to cardiovascular events.

The early identification and treatment of
Cushing’s syndrome is mandatory. In partic-
ular, treating metabolic syndrome in meno-
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pause may prevent the progression of athero-
sclerosis, improving these patient’s prognosis
guoad vitam e quoad valetudinent.

Riassunto

Differenze genere-correldre nellaterosclerosi caro-
tidea e dilatazione flusso-mediater in pazienti con
malattia di Cushing

Obieftivo. 1 pazienti affetti da m. di Cushing pre-
sentano una mortaliti cardiovascolare quatito voite
maggiore tispetto la popofazione generale, Lo sco-
no di questo studic e stato quelle di valutare Fin-
cidenza di precoci lesiont aterosclerotiche a tivello
del distretto carotidee e brachiale mediante studio
dellintima-media thickness (IMT) e delia Bow me-
diated ditation (FMD) in un gruppo di soggetti af-
fetli da m. di Cushing appaiati a controlli per sesso,
etit ed i comuni fastori di rischio per Paterosclerosi.

Metodi. Abbiamo pertanto svolio uno studio re-
trospettivo comprendente 63 pazienti (45 femmine
¢ 18 maschi) con una s. di Cushing ACTH dipen-
dente. I} gruppo € stato appaiaio ad un campione di
controllo selezionato per caratieristiche antropome-
triche e metaboliche. Tulli 1 soggetti hanno eseguito
cco-cotor Doppler delle arterie carotidi per lo stu-
dio dellTMT ed ecografia dinamica delva. brachiale
per lo studio dell'TMD.

Risuliati. 1 casi presentavano un’'IM1 maggiore cd
una FMD inferiore rispetto i controlii e rale risultato
era particolarmente evidente nel sesso femminile.
Tra | soggetti di sesso maschile e femminite con
Cushing 1 valori di IMT e di FMD erano comparalli.
valutando poi linfluenza dei fattori di rischio per
Paterosclerosi su questi rilievi, si evidenziava come
I'EMD detle femmine dei casi si correlasse con la
distipidemia e il BML Viceversa nei casi di sesso
maschile, FMD correlava con il diabete mellito,

Conclusioni. Questo studio retrospeltivo caso-
controllo ha evidenziato come i matati di Cushing
presentino precoci alteraziond aterosclerotiche che
correlano con la loro s, metabolica e non sono in-
fluehzaie dal genere, Si propone l'esecuzione pre-
coce di eco-color Doppler nei soggetti afferti da
malattia ¢i Cushing al fine di prevenire le note com-
plicanze cardio-vascolati.

PAROLE CHiAvE: Sindrome di Cushing - Intima-media
carotidea, spessore - Genere.
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