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Background: Cushing disease (CD) may lead to accelerated cardiovascular
remodeling and increased mortality. There are suspected differences in the
mechanism of cardiovascular dysfunction between males and females with
CD. The purpose of this study was to assess the effect of patient sex on the
hemodynamic profile assessed via impedance cardiography and
echocardiography in patients newly diagnosed with CD.

Material and methods: The 54 patients newly diagnosed with CD (mean age 41
years; 77.8% of females) who were included in this prospective clinical study
underwent impedance cardiography to assess specific parameters (including
systemic vascular resistance index [SVRI], total arterial compliance index [TACI],
Heather index [HI], stroke index [Sl], cardiac index [Cl], velocity index [VI], and
acceleration index [ACI]) and transthoracic echocardiography to assess heart
chamber diameters and left ventricular systolic and diastolic function.

Results: Males with CD exhibited higher afterload, with higher SVRI (3,169.3 + 731.8
vs. 2,339.3 + 640.8 dyn*s*cm >*m? in males and females, respectively; p=0.002),
lower TACI (0.80 + 0.30 vs. 1.09 + 0.30 mL/mmHg*mz; p=0.008), and lower
hemodynamic parameters of left ventricular function, with lower HI (9.46 + 2.86 vs.
141 + 5.06 Ohm/s?; p=0.0007), lower VI (35.1 + 11.9 vs. 44.9 + 131 1*1000 **s%;
p=0.009), lower SI (36.5 + 11.7 vs. 43.6 + 9.57 mL/m?; p=0.04), lower Cl (2.36 + 0.46
vs. 317 + 0.76 mL*m #*min™"; p=0.0009), and lower ACI (50.4 + 19.8 vs. 73.6 + 25.0
1/100/s%; p=0.006). There were no significant differences between the sexes in left
ventricular systolic or diastolic function assessed by echocardiography.

Conclusion: In comparison with females with CD, males with CD have a less
favorable hemodynamic profile, with higher afterload and worse left ventricular
function. Sex differences in cardiovascular system function should be taken into
consideration in designing personalized diagnostic and therapeutic
management of patients with CD.
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Introduction

Cushing disease (CD) is a rare endocrine disorder associated
with excess adrenocorticotropic hormone (ACTH) secretion by a
pituitary adenoma. Continued exposure to hypercortisolemia leads
to hemodynamic dysfunction associated with accelerated
cardiovascular remodeling, which ultimately produces multiple
complications and increases mortality (1). The key factor
contributing to cardiovascular disease in patients with CD is
exacerbated inflammation as a result of overweight, abdominal
obesity, hypercortisolism, insulin resistance, high levels of resistin,
oxidized low-density lipoproteins (oxLDLs), triglycerides, C-
reactive protein, and high leukocyte counts (2).

The mechanisms of cardiovascular dysfunction may be different
in males and females with CD. There have been several studies that
showed differences in cardiovascular function between the sexes in
patients with CD (3-8), with the affected males believed to be more
susceptible to cardiovascular complications than females (3, 4). This
difference can be only partly explained by the protective
cardiovascular effect of estrogens in premenopausal women. The
question whether medical treatment in patients with CD (particularly
those with concomitant hypertension [HTN]) should be more
personalized and sex-dependent remains without a definitive
answer. Therefore, there is a need for noninvasive methods, which
would allow detailed assessment of cardiovascular function in
patients of the two sexes diagnosed with CD, in order to initiate
personalized treatment and, ultimately, to reduce the cardiovascular
risk. Based on earlier reports (9-14), we hypothesized that the use of
impedance cardiography (ICG), which provides a noninvasive means
of assessing hemodynamic parameters, such as arterial stiffness and
cardiac function, will illustrate the potential differences between male
and female patients with CD in terms of cardiovascular dysfunction
mechanisms. Such findings would demonstrate a substantial benefit
of this technique in addition to those offered by the commonly used
echocardiography. Consequently, the purpose of this study was to
compare the hemodynamic profiles of females and males newly
diagnosed with CD.

Materials and methods
Study population

A total of 54 patients newly diagnosed with CD, without
clinically significant concomitant conditions, were included in
this observational prospective study. The mean age of the study
participants was 41 years, 64.8% of whom were diagnosed with
HTN; females constituted 77.8% of the study population.

CD had been diagnosed based on the most recent guidelines on
the diagnosis and management of CD. The diagnostic criteria
included symptoms of hypercortisolemia and standard hormonal
criteria: elevated urinary free cortisol (UFC), elevated serum cortisol
levels at 8.00 a.m., loss of cortisol circadian rhythm, increased or
detectable plasma ACTH levels at 8.00 a.m., and no reduction serum
cortisol levels to <1.8 mg/dL during an overnight dexamethasone
suppression test (1 mg of dexamethasone administered at midnight).
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A pituitary etiology of CD was confirmed by decrease in serum
cortisol levels or an over 50% reduction in urinary free cortisol (UFC)
in a 2-day (2 mg every 6 hours) high-dose dexamethasone
suppression test (HDDST) or positive corticotropin-realeasing
hormone (CRH) stimulation test (100 ug i.v.). Magnetic resonance
imaging of the pituitary gland was performed in all patients, which
confirmed the presence of a pituitary tumour. If the results of the
hormonal dynamic tests or the MRI results were inconclusive or in
the case of microadenomas < 6 mm in size found on MRI, the
diagnostic tests were extended to include sampling of the inferior
petrosal sinus (15-17).

In addition, plasma levels of ACTH, follicle-stimulating
hormone (FSH), luteinizing hormone (LH), and thyroid-
stimulating hormone (TSH) were analyzed. The study patients
were not taking drugs that affect the function of the pituitary-
adrenal axis. Thus, neither steroidogenesis inhibitors nor estrogen/
testosterone therapy affected the results of the haemodynamic
profile assessed by impedance cardiography. None of our patients
had been pregnant and had not given birth in the last five years.
Seven patients had become pregnant and given birth in the past. In
the study group, infertility was the main problem among patients of
reproductive age. Tests to detect possible disorders of carbohydrate
metabolism, such as impaired fasting glucose (IFG), impaired
glucose tolerance (IGT), and type 2 diabetes mellitus (T2DM),
were also conducted. The study patients, all of whom had CD, had
not been on any medications that may have affected the
hypothalamic-pituitary-adrenal axis and, consequently, the
assessed hemodynamic parameters.

Our study was conducted in accordance with the principles of
Good Clinical Practice (GCP) and the Declaration of Helsinki and
was approved by the local ethics committee at the Military Institute
of Medicine - National Research Institute in Warsaw, Poland
(approval No. 76/WIM/2016). All patients provided their written
informed consent to participate in this study. The study was funded
by the Ministry of Science and Higher Education/Military Institute
of Medicine - National Research Institute in Warsaw, Poland (grant
No. 453/WIM).

Exclusion criteria

The study exclusion criteria were: (1) coronary artery disease; (2)
heart failure with mid-range ejection fraction (HFmrEF) or heart failure
with reduced ejection fraction (HFrEF); (3) history of pulmonary
embolism, (4) history of stroke or transient ischemic attack (TTA); (5)
chronic obstructive pulmonary disease (COPD); (6) respiratory failure
(decreased partial pressure of oxygen (PaO,) <60 mmHg and/or
increased partial pressure of carbon dioxide (PaCO,) >45 mmHg); (7)
history of head trauma; (8) pregnancy; (9) lack of consent.

Clinical examination
The clinical examination was performed with a particular focus

on any risk factors indicating cardiovascular dysfunction (including
history of cardiovascular symptoms, concomitant conditions,
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cardiovascular disease in the family, smoking, or disorders of
carbohydrate metabolism; and measurements of patient’s height,
body mass index (BMI), blood pressure (BP), systolic BP (SBP),
diastolic BP (DBP), and heart rate (HR). BP measurements were
conducted based on the European Society of Cardiology (ESC)
guidelines, with the use of an automatic blood pressure monitor
(Omron M4 Plus, Japan) (18).

Impedance cardiography

Impedance cardiography is one noninvasive and well-validated
tool for assessing cardiovascular hemodynamics based on the
phenomenon of impedance variation of a given body segment
related to blood flow in large arterial vessels. Blood circulating in
the vascular system is characterised by a relatively low impedance in
relation to the surrounding tissues, and its variability over time
allows the assessment of many important haemodynamic
parameters (12, 19-23).

Hemodynamic parameters were measured via ICG with a
Niccomo™ ™ device (Medis, Ilmenau, Germany) during a 10-minute
resting examination in a supine position. Analysis of the obtained
ICG records (Niccomo Software) included the mean values of such
hemodynamic parameters as: HR [bpm]; SBP [mmHg]; DBP
[mmHg]; thoracic fluid content (TFC [1/kOhm] = 1000/Z0, where
Z0 is baseline thoracic impedance); stroke volume (SV [mL]) based
on the formula SV = VEPT x(dZmax/Z0) x LVET, where VEPT is
the volume of electrically participating tissue, calculated from the
subject’s weight, height, and sex, dZmax is the maximum change in
thoracic impedance, Z0 is baseline thoracic impedance, and LVET is
the left ventricular ejection time; stroke index (SI [mL/m?]); cardiac
output (CO [mL] = SV x HR); cardiac index (CI [mL*m**min"]);
acceleration index (ACI [1/100/s%], which describes peak blood flow
acceleration in the aorta; velocity index (VI [1*1000*s™']); Heather
index (HI [Ohm/s?], based on the formula HI = dZmaxx TRC, where
TRC is the time interval between the electrocardiographic R-peak and
the C-point on the ICG wave); systemic vascular resistance (SVR
[dyn*s*cm™]); SVR index (SVRI [dyn*s*cm>*m?]); total arterial
compliance index (TACI [mL/mmHg] = SV/pulse pressure
[mL/mmHg*mz] ).

Echocardiography

Echocardiographic examinations were conducted according to
the current American Heart Association standards (a Vivid E 95
device, GE Healthcare, USA) (24). The evaluated parameters
included heart chamber diameters (left atrial [LA] diameter, left
ventricular end-diastolic diameter [LVEDD], right-ventricular end-
diastolic diameter [RVEDD], ascending aortic diameter [AoA]);
wall thickness measures (interventricular septal end-diastolic
diameter [IVSd], left ventricular mass index [LVMI], left
ventricular hypertrophy [LVH]); left ventricular (LV) systolic
function (including LV ejection fraction [LVEF] calculated with
the Simpson method and global longitudinal strain [GLS],
evaluated by speckle-tracking echocardiography; and LV diastolic
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function (including the early-to-late-diastolic mitral inflow velocity
ratio [E/A] assessed with pulsed wave Doppler, as well as the early-
diastolic mitral annular velocity [¢’] and the peak early diastolic
mitral inflow velocity-to-early diastolic mitral annular velocity ratio
[E/e’], assessed with tissue Doppler).

Statistical analysis

Statistical analysis was conducted with Statistica 12.0 (StatSoft
Inc., Tulsa, USA). Normality of data was assessed visually and with
the Kolmogorov-Smirnov test. Continuous variables were
expressed as means + standard deviations (SDs), whereas discrete
(qualitative) variables were expressed as absolute values (n) and
percentages (%). The distribution of continuous variables was
assessed visually and with the Shapiro-Wilk test. The differences
in the absolute values of continuous variables between males and
females were compared with a t-test for normally distributed data
and the Mann-Whiney U test for non-normally distributed data. P-
values of <0.05 were considered statistically significant.

Results

Demographic and clinical characteristics of
the CD population

Detailed characteristics of patients with CD have been presented
in Table 1. The study group comprised mostly females (77.8%).
Thirty-five patients (64.8%) had been diagnosed with HTN, and all of
them were receiving medical treatment, usually with one or two
antihypertensive drugs. Mean blood pressure values were 126/83
mmHg. Nine patients had a previous diagnosis of dyslipidaemia and
were treated with statins. The mean LDL cholesterol values in the
statin-treated group were 55.5 mg/dl. Thus, we wanted to exclude a
potential influence of HTN and dyslipidaemia on the results
obtained. The mean BMI was nearly 30 mg/m” Twenty (37%) out
of the 54 patients with CD had T2DM,; 15 of those were treated with
metformin, five with metformin and insulin, and one with insulin
alone. Forty-three of the patients with CD had normal anterior
pituitary function. Eleven patients with an invasive corticotropic
tumor had TSH deficiency; however, it was well controlled with a
stable-dose L-thyroxin regimen.

A comparison between males and
females with CD in terms of basic
clinical characteristics

A comparison of basic characteristics between males and
females with CD has been presented in Table SI. These two
subgroups showed no differences in terms of age, BMI, or the
rates of hypertension, dyslipidemia, T2DM, or smoking. Moreover,
the two sex subgroups showed no significant differences in terms of
clinical manifestations.
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TABLE 1 Basic characteristics of the study group.

age (years) 41.1 £ 13.5
females 42 (77.8)
BMI (kg/m?) 29.7 £ 6.5
HR (office) (bpm) 719 + 11.4
SBP (office) (mm Hg) 126 + 17
DBP (office) (mm Hg) 83+ 12
LVEF (%) 66.7 + 4.2
hemoglobin (g/L) 145+ 1.3
creatinine (mg/dL) 0.87 + 0.27
Comorbidities

hypertension 35 (64.8)
dyslipidemia 9 (16.7)
diabetes mellitus 20 (37.0)
current smoking 6 (11.1)
Symptoms

exercise intolerance 40 (74.1)
dyspnea on exertion 18 (33.3)
dyspnea at rest 8 (14.8)
dizziness 19 (35.2)
syncope 4 (7.4)
heart palpitations 23 (42.6)
peripheral edema 29 (53.7)

BMI, body mass index; DBP, diastolic blood pressure; HR, heart rate; LVEF, left ventricular
ejection fraction; SBP, systolic blood pressure; SD, standard deviation.

A comparison between males and females
with CD in terms of two-dimensional
echocardiographic parameters

The only differences between male and female patients
identified with echocardiography were RVEDD and LA
diameter, which were due to constitutional differences between
the sexes — Table 2. There were no significant differences between
the sexes in terms of LVEF, GLS, or parameters of LV
diastolic dysfunction.

A comparison between males and females
with CD in terms of the hemodynamic
parameters assessed with ICG

Mean BP values in both subgroups were normal. Despite there
being only slight differences in basic hemodynamic parameters
(HR, SBP, and DBP), a comparative analysis of the remaining
ICG parameters revealed more pronounced differences between the
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TABLE 2 Comparison between males and females — hemodynamics.

Variables Males Females

(n=12) (QEZ:Y))]

mean + SD/n | mean + SD/n

(%) (%)
Echocardiography
RVEDD [mm] 31.9 + 2.86 27.8 +3.71 0.001
LVEDD [mm] 48.7 + 3.89 46.9 + 4.36 0.168
LA diameter [mm)] 38.7 +3.32 35.6 +3.93 0.024
AoA [mm] 32.1 +3.75 29.8 + 3.57 0.059
LVMI [g/m?] 105.8 +22.2 92.1 +21.8 0.053
LVEF [%)] 65.3 + 3.57 65.9 + 4.33 0.454
GLS [%] 183 + 2.41 18.0 + 2.34 0.552
E/A [-] 0.94 +0.27 1.13 + 034 0.086
avg ¢ [cm/s] 9.14 +2.67 9.66 + 3.36 0.748
Ele’ [] 7.00 + 1.80 7.83 + 2.08 0.234
Impedance cardiography
HR [bpm] 67.6 + 10.7 72,5+ 12.2 0.230
SBP [mmHg] 1327 £ 17.7 123.7 £ 165 0.102
DBP [mmHg] 84.5 +10.7 81.9 + 11.9 0.670
MBP [mmHg] 95.6 + 10.3 92.7 + 12.5 0.466
PP [mmHg] 484 + 13.6 41.8 +10.2 0.158
SI [mL/m?] 36.5 + 11.7 43.6 +9.57 0.041
CI [mL*m>*min] | 2.36 + 0.46 3.17 £ 0.76 0.0009
VI [1%1000 #s™'] 351+ 119 449 +13.1 0.009
ACI [1/100/s%] 50.4 + 19.8 73.6 + 25.0 0.006
HI [Ohm/s?] 9.46 + 2.86 14.1 + 5.06 0.0007
SVRI [dyn*s*cm’
>*m?] 3,169.3 + 731.8 2,339.3 + 640.8 0.002
TACI [mL/
mmHg*m?] 0.80 + 0.30 1.09 + 0.30 0.008
TEC [1/kOhm] 26.9 +2.74 252 +4.12 0.148

AoA, ascending aortic diameter; ACI, acceleration index; CI, cardiac index; DBP, diastolic
blood pressure; ¢, early diastolic mitral annular velocity, E/A, early-to-late-diastolic mitral
inflow velocity ratio, E/e’, early mitral inflow-to-early mitral annular velocity ratio, GLS, global
longitudinal strain; HI, Heather index; HR, heart rate; LA diameter, left atrial diameter;
LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction;
LVMI, left ventricular mass indexed to body surface area; MBP, mean blood pressure; PP,
pulse pressure; RVEDD, right ventricular end-diastolic diameter; SBP, systolic blood pressure;
SD, standard deviation; SI, stroke index; SVRI, systemic vascular resistance index; TACI, total
arterial compliance index; TFC, thoracic fluid content; VI, velocity index.

sexes — Table 2. ICG showed that male patients had stiffer arteries,
as evidenced by a higher SVRI (p=0.002) and a lower TACI
(p=0.008) as well as lower hemodynamic parameters of LV
function, including a lower HI (p=0.0007), a lower VI (p=0.009),
a lower SI (p=0.04), a lower CI (p=0.0009), and a lower ACI
(p=0.006). No significant differences between the sexes were
observed in terms of TFC.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1270455
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Jurek et al.

Discussion

The comprehensive assessment of hemodynamic parameters
with the use of ICG revealed the hemodynamic profiles of male
patients with CD to be different from those of females with CD. Our
analysis of patients newly diagnosed with CD also showed
significant differences between males and females in terms of
hemodynamic dysfunction parameters, despite normal LV systolic
and diastolic function and optimal BP control. The patients from
both study subgroups were comparable in terms of their basic
characteristics (which eliminated potential effects of patient age, BP,
HR, or BMI) and symptoms, such as dyspnea, palpitations, or pain
in the chest. Since the patients included in this study had neither
clinically overt cardiovascular dysfunction nor any serious
comorbidities, we were able to obtain a comprehensive
hemodynamic profile in males and females with CD, which
indicated sex differences in the pathophysiology of CD.

Neither basic nor clinical characteristics of our study population
differed from those reported in other studies on cardiovascular
disorders in patients of either sex with CD (3-8). The
preponderance of females among patients with CD may be
associated with estrogen receptor expression on ACTH-secreting
pituitary adenomas (3, 4). Sex steroids have been suggested to be a
contributing factor in the development of ACTH-secreting pituitary
tumors (25). Analysis of molecular features characterizing ACTH-
secreting pituitary adenomas collected from male and female
patients with CD revealed differences between the sexes,
indicating a need for their analysis in each sex separately (26).
We would like to emphasize that the detailed analysis of
hemodynamic parameters conducted in our study with the use of
ICG with study group stratification by sex is one of the first such
attempts and it may cast new light on CD pathophysiology.

ICG assessment of hemodynamic parameters demonstrated a
significantly worse cardiac function, decreased myocardial
contractility, increased vascular resistance, and decreased artery
compliance in males with CD, in comparison with those in females
with CD. These findings confirm an unfavorable hemodynamic
profile in males with CD - characterized by pronounced
vasoconstriction and impaired LV function. Subclinical
hemodynamic changes indicate an additive effect of long-term
hypercortisolemia on cardiovascular function, which is significantly
greater in males than females with CD. The data obtained in our
study are consistent with those reported by other authors, who
demonstrated that, in comparison with females, males with CD
have a higher cardiovascular risk (HTN, anemia, hypercoagulable
states, hypokalemia, arrhythmias, dyslipidemia, high HbAlc levels,
increased BMI), lower quality of life (low libido, sexual dysfunction,
myopathy, stretch marks, lumbar osteoporosis, fractures,
nephrolithiasis), worse biochemical parameters (higher serum
ACTH, serum cortisol, and UFC levels), and worse postoperative
prognosis (lower rates of postoperative normalization of cortisol
levels and higher risk of recurrence) (3-8, 25, 26). Moreover, the
hormone tests used to assess pituitary disease etiology showed a lower
sensitivity in male patients with CD, which caused males to more
often undergo invasive procedures, such as petrosal sinus sampling,
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in order to establish a definitive diagnosis. Moreover, pituitary
adenomas in males with CD were more difficult to visualize with
MRI than those in females, which posed additional diagnostic
challenges and delayed treatment in male patients (1, 3). These
facts may be what contributes to delayed CD diagnosis in male
patients and to the predominance of females among patients
diagnosed with CD (3, 5).

The fact that male patients with CD had higher serum ACTH,
cortisol, and UFC levels at the time of diagnosis suggested a higher
secretory activity of pituitary adenomas in males in comparison with
females (3-5). Osteoporosis (leading to fractures) and anemia were
also more common in male than female patients with CD, which may
be partly due to patients themselves delaying the diagnostic process
(7). Apart from increased BMI, males with CD tend to additionally
have fatty liver and hepatic dysfunction (8). HTN was reported to
contribute to the increased mortality associated with a higher
cardiovascular risk in males with CD. The duration of
hypercortisolemia seems to correlate with the development of HTN
in patients with CD. Possibly, ACTH not only induces the release of
aldosterone but also inhibits 11B-hydroxysteroid dehydrogenase
(11B-HSD) which may potentiate the effect of cortisol on
mineralocorticoid receptors. Hypokalemia and HTN are strongly
associated with overall CD mortality; therefore, males with CD tend
to have a poorer prognosis than females (8). Moreover, males with
CD have a prolonged QT interval, which may be related to a higher
risk of ventricular arrhythmias. This may be due both to low
testosterone level and to hypokalemia (27). Moreover, males with
CD had a less favorable postoperative course of the disease (4), with
considerably higher postoperative (at six months after surgery)
cortisol levels and a higher rate of disease recurrence, which
suggests that this subgroup of patients requires a careful long-term
follow-up, even if the surgery seems to have been successful (6).

Most authors emphasize the need to differentiate the diagnostic
process and treatment in CD depending on patient sex, which is due
to the much higher risk of cardiovascular complications in males
associated with difficulties in hormonal and imaging diagnosis,
which lead to delayed treatment initiation (3-5). Some, though
not many, authors present a different opinion by pointing out that
male patients with ACTH-dependent Cushing syndrome seem to
have a different clinical presentation in terms of symptoms and
biochemistry; however, this should not affect further diagnostic
strategy, treatment, or surgical outcomes. Thus, patients require no
different diagnostic or therapeutic strategies with respect to their
sex (7).

Our observations revealed significant differences between the
sexes in cardiovascular hemodynamic function in patients newly
diagnosed with CD. These differences may affect the personalized
treatment approach. Earlier recognition of cardiovascular
complications and earlier introduction of preventive measures in
patients with CD, depending on their sex, may lower the
cardiovascular risk. Personalizing the treatment based on the
hemodynamic profile and the patient’s sex may be associated not
only with better BP control, but also with higher chances of
achieving a normal hemodynamic profile. The differences
between the sexes in hemodynamic phenotypes may help develop
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more personalized therapeutic approaches for patients with CD.
Current guidelines stress the necessity of personalized therapy (18).

Sex-based differences in cardiovascular system function have
been already described in patients with HTN (28-30). Females with
HTN exhibited a different hemodynamic profile when assessed with
ICG in comparison with that of males, namely lower large artery
compliance, with better LV function as a pump. This may be
explained by a considerable role of estrogens in neutralizing the
unfavorable features of the female hemodynamic profile and
protecting women against adverse cardiovascular events. Estrogens
reduce adrenergic-mediated vasoconstriction, increase nitric oxide
release, and affect the renin-angiotensin-aldosterone system by
inhibiting rein production and AT1 receptor expression. Males do
not have this protection. At the same time, estrogens increase the
expression of AT2 receptors, which play an important role in BP
regulation in women. Moreover, males with HTN are more
vulnerable to endothelin 1, which is a vasoconstrictor (28, 31-35).
Another study showed that young women have higher mean CI and
lower SVRI values than men of the same age; however, these
hemodynamic differences between the sexes disappear after
menopause (29). Another study assessed the relationship between
LV diastolic function and the hemodynamic profile assessed with the
use of ICG. LV diastolic dysfunction and arterial stiffness have been
reported in young and middle-aged patients with HTN. The fact that
patient’s sex may affect cardiovascular hemodynamics should be
taken into account in therapeutic strategies (30). Moreover, other
studies demonstrated significant differences in CO between the sexes
(36, 37). Female hearts were reported to react to pressure overload by
an increase in mitochondrial gene expression, whereas male hearts
responded by an increased expression of genes responsible for protein
and extracellular matrix synthesis, which shows that genetic analyses
also provide a molecular basis for sex differences in cardiovascular
function (38). Increased arterial stiffness, which is characterized by an
increased SVRI and decreased TAC, has been reported to increase the
cardiovascular risk (36-38). These hemodynamic changes were
observed in the male subgroup of our study. As a result, males may
be at a higher risk of serious complications (i.e. myocardial infarction,
stroke, or HF). As a result of long-term exposure to increased,
prolonged pressure overload and long-term effects of chronic
hypercortisolemia, males are more predisposed to develop HTN,
HF, and coronary artery disease, even if there are no detectable
imaging study abnormalities at the time of diagnosis. Already at the
time of CD diagnosis, the heart of a male with CD has been working
against stiff vessels in order to maintain an adequate LVEF. In
response to lower arterial compliance, LV undergoes remodeling,
and this may lead to reduced myocardial perfusion and decreased
exercise tolerance.

The echocardiographic differences between the sexes in absolute
heart chamber diameters and LV mass are a result of the
constitutional differences. The observed tendency (p = 0.053) for
higher prevalence of LVH in males suggests the existence of certain
distinct features characterizing the male subpopulation, since the
rates of LVH in the general population are equally distributed
between the sexes. The echocardiographic assessments in our study
group showed no significant differences in LV function. Despite
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normal LV systolic and diastolic function illustrated by
echocardiography, ICG results indicated subclinical hemodynamic
differences. Our study showed that the parameters of cardiac function
as a pump, namely SI, VI, CI, and ACI, were lower in males with CD
than in females with CD. This may be due to accelerated, subclinical,
hypercortisolemia-induced myocardial remodeling associated with
concentric LVH (39, 40). The observed changes are associated not
only with myocardial hypertrophy due to pressure overload, since
cortisol also directly leads to myocardial fibrosis (40). Myocardial
remodeling and dysfunction may increase considerably in patients
with CD with concomitant HIN and hypercortisolemia. The
abnormal hemodynamic profile in males with CD observed in our
study may lead to hemodynamic LV dysfunction and development of
symptomatic HF (39, 41, 42). Females have been reported to have
better echocardiographic LV parameters (including higher LVEF)
than males (43, 44). Abnormal GLS in echocardiography was
associated with a hemodynamic profile similar to that observed in
the subgroup of males with CD (low CI, high SVRI) (45). Early LV
dysfunction in the form of abnormal GLS and LV diastolic
dysfunction were observed already at early stages of pituitary
disease (46).

These study results have important practical applications.
Routine BP measurements and routine imaging studies may be
insufficient to identify sex-dependent hemodynamic abnormalities.
Cardiovascular hemodynamic differences between the sexes may be
responsible for various responses to medical treatment. This
indicates that ICG has an added value in assessing cardiovascular
hemodynamic parameters in patients with CD.

Clinical implications

Our observations revealed sex differences in the cardiovascular
hemodynamic parameters of patients with CD, which may affect
antihypertensive treatment personalization and hinder attempts to
introduce early prevention, particularly in males with CD. In light of
the fact that antihypertensive treatment personalization based on an
individual hemodynamic profile may lead to better BP control, such
differences between the sexes in hemodynamic phenotypes may help
identify more personalized therapeutic approaches. Current
guidelines emphasize the need for personalized treatment, which
suggests the direction of future studies. Moreover, early introduction
of preventive treatment in males with CD based on their
hemodynamic profiles may help prevent the development of
cardiovascular complications, including HTN, HF, or coronary
artery disease, even before they become symptomatic, which may
be clinically significant and may contribute to reducing mortality in
this patient subgroup. Studies show that, due to the particularly
unfavorable hemodynamic profile in males with CD, first-line
preventive and antihypertensive measures should include
vasodilators and cardioprotective agents, such as angiotensin
converting enzyme (ACE) inhibitors, angiotensin receptor blockers
(ARB), and calcium channel blockers (CCB) (46, 47). Low TFC with
normal LVEF in men with CD indicates that diuretics should not be
the treatment of choice in antihypertensive therapy.
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Study limitations

One limitation of our study was a relatively small sample size.
This was dictated by a low prevalence of CD in the general
population and a prospective nature of the study. The exclusion
criteria further limited the study group only to patients newly
diagnosed with CD without serious comorbidities or clinically
significant cardiovascular dysfunction that might affect study
results. Many patients with CD are already affected by multiple
comorbidities at the time of their diagnosis, which makes patients
newly diagnosed with CD but with no serious concomitant
conditions even scarcer. Importantly, only young or middle-aged
males and females with CD without any serious comorbidities or
overt cardiovascular dysfunction were included in our study. This
special, highly selected group of patients exhibited distinctive,
subclinical hemodynamic changes already at the early stage of
CD. If left untreated, these hemodynamic changes may lead to
serious cardiovascular complications. The potential effect of
concomitant HTN (even despite good BP control) and the use of
antihypertensive treatment should be also considered in study result
interpretation. In addition, the difference between cortisol-induced
cardiovascular changes in different sexes should be clearly
distinguished from physiological sex differences in cardiovascular
disease, especially in premenopausal women.

Conclusions

Males with CD, in comparison with their female counterparts,
are characterized by a less favorable hemodynamic profile, with
increased afterload and decreased LV function. Sex differences in
cardiovascular function should be considered in personalizing the
diagnostic and therapeutic approach to patients with CD.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics
Committee at Military Institute of Medicine National Research
Institute. The studies were conducted in accordance with the local
legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

AJ: Conceptualization, Data curation, Formal Analysis, Funding
acquisition, Investigation, Methodology, Project administration,

Frontiers in Endocrinology

10.3389/fendo.2023.1270455

Resources, Software, Supervision, Validation, Visualization, Writing -
original draft, Writing - review & editing. PK: Conceptualization,
Funding acquisition, Investigation, Methodology, Project
administration, Supervision, Writing - original draft, Writing -
review & editing. BU: Conceptualization, Data curation,
Investigation, Resources, Supervision, Writing — review & editing.
PW: Conceptualization, Data curation, Investigation, Methodology,
Resources, Supervision, Writing - review & editing. GZ:
Conceptualization, Data curation, Investigation, Supervision, Writing
- review & editing. AK: Conceptualization, Investigation, Writing —
review & editing. RW: Conceptualization, Investigation, Writing —
review & editing. MB: Investigation, Writing — review & editing. GG:
Conceptualization, Data curation, Funding acquisition, Investigation,
Methodology, Resources, Supervision, Writing — review & editing.

Funding

The authors declare financial support was received for the
research, authorship, and/or publication of this article. This study
was funded by the Ministry of Science and Higher Education/
Military Institute of Medicine -National Research Institute in
Warsaw, Poland (grant No. 453/WIM).

Acknowledgments

We would like to thank the medical personnel at the Military
Institute of Medicine for their help in providing patient care.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fend0.2023.1270455/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2023.1270455/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1270455/full#supplementary-material
https://doi.org/10.3389/fendo.2023.1270455
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Jurek et al.

References

1. Pivonello R, Faggiano A, Lombardi G, Colao A. The metabolic syndrome and
cardiovascular risk in Cushing's syndrome. Endocrinol Metab Clin North Am (2005) 34
(2):327-39. doi: 10.1016/j.c1.2005.01.010

2. Boero L, Manavela M, Botta E, Mallea-Gil MS, Katz D, Merofio T, et al.
Conditioning factors for high cardiovascular risk in patients with cushing syndrome.
Endocr Pract (2015) 21(7):734-42. doi: 10.4158/EP14408.0R

3. Zilio M, Barbot M, Ceccato F, Camozzi V, Bilora F, Casonato A, et al. Diagnosis
and complications of Cushing's disease: gender-related differences. Clin Endocrinol
(Oxf) (2014) 80(3):403-10. doi: 10.1111/cen.12299

4. Pecori Giraldi F, Moro M, Cavagnini F. Study Group on the Hypothalamo-
Pituitary-Adrenal Axis of the Italian Society of Endocrinology. Gender-related
differences in the presentation and course of Cushing's disease. J Clin Endocrinol
Metab (2003) 88(4):1554-8. doi: 10.1210/jc.2002-021518

5. Chen Y, Mei X, Jian F, Ma Q, Chen X, Bian L, et al. Gender and magnetic
resonance imaging classification-related differences in clinical and biochemical
characteristics of Cushing's disease: a single-centre study. Chin Med ] (Engl) (2014)
127(22):3948-56.

6. Huan C, QuY, Ren Z. Gender differences in presentation and outcome of patients
with Cushing's disease in Han Chinese. BioMed Mater Eng (2014) 24(6):3439-46.
doi: 10.3233/BME-141168

7. Broersen LHA, van Haalen FM, Kienitz T, Biermasz NR, Strasburger CJ, Dekkers
OM, et al. Sex differences in presentation but not in outcome for ACTH-dependent
Cushing's syndrome. Front Endocrinol (Lausanne) (2019) 10:580. doi: 10.3389/
fendo.2019.00580

8. Liu X, Zhu X, Zeng M, Zhuang Y, Zhou Y, Zhang Z, et al. Gender-specific
differences in clinical profile and biochemical parameters in patients with Cushing's
disease: A single center experience. Int J Endocrinol (2015) 2015:949620. doi: 10.1155/
2015/949620

9. Krzesinski P, Stanczyk A, Gielerak G, Uzith)—Zyczkowska B, Kurpaska M,
Piotrowicz K, et al. Sex determines cardiovascular hemodynamics in hypertension. J
Hum Hypertens (2015) 29(10):610-7. doi: 10.1038/jhh.2014.134

10. Parrott CW, Burnham KM, Quale C, Lewis DL. Comparison of changes in
ejection fraction to changes in impedance cardiography cardiac index and systolic time
ratio. Congest Heart Fail (2004) 10(2 Suppl 2):11-3. doi: 10.1111/j.1527-
5299.2004.03407.x

11. Bhalla V, Isakson S, Bhalla MA, Lin JP, Clopton P, Gardetto N, et al. Diagnostic
ability of B-type natriuretic peptide and impedance cardiography: testing to identify left
ventricular dysfunction in hypertensive patients. Am J Hypertens (2005) 18(2 Pt 2):73S-
81S. doi: 10.1016/j.amjhyper.2004.11.044

12. Krzesinski P, Gielerak G, Kowal J. Kardiografia impedancyjna - nowoczesne
narzedzie terapii monitorowanej chor6b ukladu krazenia [Impedance cardiography - a
modern tool for monitoring therapy of cardiovascular diseases]. Kardiol Pol (2009) 67
(1):65-71.

13. Jurek A, Krzesinski P, Gielerak G, Witek P, Zielinski G, Kazimierczak A, et al.
Cushing's disease: assessment of early cardiovascular hemodynamic dysfunction with
impedance cardiography. Front Endocrinol (Lausanne) (2021) 12:751743. doi: 10.3389/
fendo.2021.751743

14. Sanidas EA, Grammatikopoulos K, Anastasiadis G, Papadopoulos D, Daskalaki
M, Votteas V. Thoracic fluid content and impedance cardiography: a novel and
promising noninvasive method for assessing the hemodynamic effects of diuretics in
hypertensive patients. Hellenic ] Cardiol (2009) 50(6):465-71.

15. Fleseriu M, Auchus R, Bancos I, Ben-Shlomo A, Bertherat J, Biermasz NR, et al.
Consensus on diagnosis and management of Cushing's disease: a guideline update.
Lancet Diabetes Endocrinol (2021) 9(12):847-75. doi: 10.1016/S2213-8587(21)00235-7

16. Nieman LK, Biller BM, Findling JW, Newell-Price J, Savage MO, Stewart PM,
et al. The diagnosis of Cushing's syndrome: an Endocrine Society Clinical Practice
Guideline. J Clin Endocrinol Metab (2008) 93(5):1526-40. doi: 10.1210/jc.2008-0125

17. Ceccato F, Boscaro M. Cushing's syndrome: screening and diagnosis. High Blood
Press Cardiovasc Prev (2016) 23(3):209-15. doi: 10.1007/s40292-016-0153-4

18. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al.
ESC Scientific Document Group. 2018 ESC/ESH Guidelines for the management of
arterial hypertension. Eur Heart ] (2018) 39(33):3021-104. doi: 10.1093/eurheartj/
ehy339. Erratum in: Eur Heart J. 2019 Feb 1;40(5):475.

19. Mansouri S, Alharbi Y, Alshrouf A, Alqahtani A. Cardiovascular diseases
diagnosis by impedance cardiography. J Electr Bioimpedance (2022) 13(1):88-95.
doi: 10.2478/joeb-2022-0013

20. Tan KH, Lai FO, Hwang NC. Measurement of cardiac output using Physio Flow
with different positions of electrode placement. Singapore Med J (2006) 47(11):967-70.

21. Woltjer HH, Bogaard HJ, de Vries PM. The technique of impedance cardiography.
Eur Heart J (1997) 9):1396-403. doi: 10.1093/oxfordjournals.eurheartj.a015464

22. Van De Water JM, Miller TW, Vogel RL, Mount BE, Dalton ML. Impedance
cardiography: the next vital sign technology? Chest (2003) 123(6):2028-33.
doi: 10.1378/chest.123.6.2028

23. Summers RL, Shoemaker WC, Peacock WF, Ander DS, Coleman TG. Bench to
bedside: electrophysiologic and clinical principles of noninvasive hemodynamic

Frontiers in Endocrinology

10.3389/fendo.2023.1270455

monitoring using impedance cardiography. Acad Emerg Med (2003) 10(6):669-80.
doi: 10.1111/§.1553-2712.2003.tb00054.x

24. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, Edvardsen T,
et al. Recommendations for the evaluation of left ventricular diastolic function by
echocardiography: an update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. J] Am Soc Echocardiogr (2016)
29:277-314. doi: 10.1016/j.ech0.2016.01.011

25. Libuit LG, KaraGeorgiadis AS, Sinaii N, Nguyen May NM, Keil MF, Lodish MB,
et al. A gender-dependent analysis of Cushing's disease in childhood: pre- and
postoperative follow-up. Clin Endocrinol (Oxf) (2015) 83(1):72-7. doi: 10.1111/
cen.12644

26. Pecori Giraldi F, Cassarino MF, Sesta A, Terreni M, Lasio G, Losa M. Sexual
dimorphism in cellular and molecular features in human ACTH-secreting pituitary
adenomas. Cancers (Basel) (2020) 12(3):669. doi: 10.3390/cancers12030669

27. Pecori Giraldi F, Toja PM, Michailidis G, Metinidou A, De Martin M, Scacchi M,
et al. High prevalence of prolonged QT interval duration in male patients with Cushing's
disease. Exp Clin Endocrinol Diabetes (2011) 119(4):221-4. doi: 10.1055/s-0031-1271628

28. Caraballo C, Mahajan S, Gu J, Lu Y, Spatz ES, Dreyer RP, et al. Hemodynamic
differences between women and men with elevated blood pressure in China: A non-
invasive assessment of 45,082 adults using impedance cardiography. PloS One (2022)
17(6):€0269777. doi: 10.1371/journal.pone.0269777

29. Krzesinski P, Gielerak G, Stanczyk A, Uzigblo-Zyczkowska B, Smurzynski P,
Piotrowicz K, et al. What does impedance cardiography add more to the assessment of
left ventricular diastolic function in essential hypertension? Pol Merkur Lekarski (2015)
39(234):352-8.

30. Reckelhoff JF, Roman RJ. Androgens and hypertension: role in both males and
females? Hypertension (2011) 57(4):681-2. doi: 10.1161/HYPERTENSIONAHA.110.162750

31. Hart EC, Charkoudian N, Wallin BG, Curry TB, Eisenach JH, Joyner MJ. Sex
differences in sympathetic neural-hemodynamic balance: implications for human
blood pressure regulation. Hypertension (2009) 53(3):571-6. doi: 10.1161/
HYPERTENSIONAHA.108.126391

32. Doumas M, Papademetriou V, Faselis C, Kokkinos P. Gender differences in
hypertension: myths and reality. Curr Hypertens Rep (2013) 15(4):321-30. doi: 10.1007/
$11906-013-0359-y

33. Charkoudian N. Influences of female reproductive hormones on sympathetic
control of the circulation in humans. Clin Auton Res (2001) 11(5):295-301.
doi: 10.1007/BF02332974

34. Sudhir K, Jennings GL, Funder JW, Komesaroff PA. Estrogen enhances basal
nitric oxide release in the forearm vasculature in perimenopausal women. Hypertension
(1996) 28(3):330-4. doi: 10.1161/01.hyp.28.3.330

35. Sathyaprabha TN, Pradhan C, Rashmi G, Thennarasu K, Raju TR. Noninvasive
cardiac output measurement by transthoracic electrical bioimpedence: influence of age
and gender. J Clin Monit Comput (2008) 22(6):401-8. doi: 10.1007/s10877-008-9148-6

36. Frey MA, Doerr BM, Miles DS. Transthoracic impedance: differences between
men and women with implications for impedance cardiography. Aviat Space Environ
Med (1982) 53(12):1190-2.

37. Witt H, Schubert C, Jaekel J, Fliegner D, Penkalla A, Tiemann K, et al. Sex-
specific pathways in early cardiac response to pressure overload in mice. J] Mol Med
(Berl) (2008) 86(9):1013-24. doi: 10.1007/s00109-008-0385-4

38. Muiesan ML, Lupia M, Salvetti M, Grigoletto C, Sonino N, Boscaro M, et al. Left
ventricular structural and functional characteristics in Cushing's syndrome. J Am Coll
Cardiol (2003) 41(12):2275-9. doi: 10.1016/s0735-1097(03)00493-5

39. Ainscough JF, Drinkhill MJ, Sedo A, Turner NA, Brooke DA, Balmforth AJ, et al.
Angiotensin II type-1 receptor activation in the adult heart causes blood pressure-
independent hypertrophy and cardiac dysfunction. Cardiovasc Res (2009) 81(3):592—
600. doi: 10.1093/cvr/cvn230

40. Baykan M, Erem C, Gedikli O, Hacihasanoglu A, Erdogan T, Kocak M, et al.
Assessment of left ventricular diastolic function and Tei index by tissue Doppler
imaging in patients with Cushing's Syndrome. Echocardiography (2008) 25(2):182-90.
doi: 10.1111/j.1540-8175.2007.00572.x

41. Toja PM, Branzi G, Ciambellotti F, Radaelli P, De Martin M, Lonati LM, et al.
Clinical relevance of cardiac structure and function abnormalities in patients with
Cushing's syndrome before and after cure. Clin Endocrinol (Oxf) (2012) 76(3):332-8.
doi: 10.1111/j.1365-2265.2011.04206.x

42. Garavaglia GE, Messerli FH, Schmieder RE, Nunez BD, Oren S. Sex differences
in cardiac adaptation to essential hypertension. Eur Heart J (1989) 10(12):1110-4.
doi: 10.1093/oxfordjournals.eurheartj.a059434

43. Gerdts E, Zabalgoitia M, Bjornstad H, Svendsen TL, Devereux RB. Gender
differences in systolic left ventricular function in hypertensive patients with
electrocardiographic left ventricular hypertrophy (the LIFE study). Am ] Cardiol
(2001) 87(8):980-3. doi: 10.1016/s0002-9149(01)01433-3

44. Krzesinski P, Uzigbto-Zyczkowska B, Gielerak G, Stanczyk A, Kurpaska M,
Piotrowicz K. Global longitudinal two-dimensional systolic strain is associated with
hemodynamic alterations in arterial hypertension. ] Am Soc Hypertens (2015) 9(9):680—
9. doi: 10.1016/j.jash.2015.06.014

frontiersin.org


https://doi.org/10.1016/j.ecl.2005.01.010
https://doi.org/10.4158/EP14408.OR
https://doi.org/10.1111/cen.12299
https://doi.org/10.1210/jc.2002-021518
https://doi.org/10.3233/BME-141168
https://doi.org/10.3389/fendo.2019.00580
https://doi.org/10.3389/fendo.2019.00580
https://doi.org/10.1155/2015/949620
https://doi.org/10.1155/2015/949620
https://doi.org/10.1038/jhh.2014.134
https://doi.org/10.1111/j.1527-5299.2004.03407.x
https://doi.org/10.1111/j.1527-5299.2004.03407.x
https://doi.org/10.1016/j.amjhyper.2004.11.044
https://doi.org/10.3389/fendo.2021.751743
https://doi.org/10.3389/fendo.2021.751743
https://doi.org/10.1016/S2213-8587(21)00235-7
https://doi.org/10.1210/jc.2008-0125
https://doi.org/10.1007/s40292-016-0153-4
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.2478/joeb-2022-0013
https://doi.org/10.1093/oxfordjournals.eurheartj.a015464
https://doi.org/10.1378/chest.123.6.2028
https://doi.org/10.1111/j.1553-2712.2003.tb00054.x
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1111/cen.12644
https://doi.org/10.1111/cen.12644
https://doi.org/10.3390/cancers12030669
https://doi.org/10.1055/s-0031-1271628
https://doi.org/10.1371/journal.pone.0269777
https://doi.org/10.1161/HYPERTENSIONAHA.110.162750
https://doi.org/10.1161/HYPERTENSIONAHA.108.126391
https://doi.org/10.1161/HYPERTENSIONAHA.108.126391
https://doi.org/10.1007/s11906-013-0359-y
https://doi.org/10.1007/s11906-013-0359-y
https://doi.org/10.1007/BF02332974
https://doi.org/10.1161/01.hyp.28.3.330
https://doi.org/10.1007/s10877-008-9148-6
https://doi.org/10.1007/s00109-008-0385-4
https://doi.org/10.1016/s0735-1097(03)00493-5
https://doi.org/10.1093/cvr/cvn230
https://doi.org/10.1111/j.1540-8175.2007.00572.x
https://doi.org/10.1111/j.1365-2265.2011.04206.x
https://doi.org/10.1093/oxfordjournals.eurheartj.a059434
https://doi.org/10.1016/s0002-9149(01)01433-3
https://doi.org/10.1016/j.jash.2015.06.014
https://doi.org/10.3389/fendo.2023.1270455
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Jurek et al.

45. UZieblo-Zchkowska B, Krzesinski P, Witek P, Zielinski G, Jurek A, Gielerak G,
et al. Cushing's disease: subclinical left ventricular systolic and diastolic dysfunction
revealed by speckle tracking echocardiography and tissue doppler imaging. Front
Endocrinol (Lausanne) (2017) 8:222. doi: 10.3389/fendo.2017.00222

46. Isidori AM, Graziadio C, Paragliola RM, Cozzolino A, Ambrogio AG, Colao A,
et al. The hypertension of Cushing's syndrome: controversies in the pathophysiology

Frontiers in Endocrinology

09

10.3389/fendo.2023.1270455

and focus on cardiovascular complications. J Hypertens (2015) 33(1):44-60.
doi: 10.1097/HJH.0000000000000415

47. Yasuda G, Shionoiri H, Umemura S, Takasaki I, Ishii M. Exaggerated blood
pressure response to angiotensin II in patients with Cushing's syndrome due to
adrenocortical adenoma. Eur | Endocrinol (1994) 131(6):582-8. doi: 10.1530/
€je.0.1310582

frontiersin.org


https://doi.org/10.3389/fendo.2017.00222
https://doi.org/10.1097/HJH.0000000000000415
https://doi.org/10.1530/eje.0.1310582
https://doi.org/10.1530/eje.0.1310582
https://doi.org/10.3389/fendo.2023.1270455
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The patient’s sex determines the hemodynamic profile in patients with Cushing disease
	Introduction
	Materials and methods
	Study population
	Exclusion criteria
	Clinical examination
	Impedance cardiography
	Echocardiography
	Statistical analysis

	Results
	Demographic and clinical characteristics of the CD population
	A comparison between males and females with CD in terms of basic clinical characteristics
	A comparison between males and females with CD in terms of two-dimensional echocardiographic parameters
	A comparison between males and females with CD in terms of the hemodynamic parameters assessed with ICG

	Discussion
	Clinical implications
	Study limitations

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


