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Abstract: Cardiovascular morbidities are the main cause of mortality in pituitary disorders accruing 

either from hormonal excess or deficiency. Cushing disease is associated with various 

cardiovascular abnormalities;visceral obesity, insulin resistance, atherosclerosis, arterial 

hypertension, dyslipidaemia and hypercoagulability, structural and functional changes in heart, 

which do not seem to reverse completely even after remission. Acromegaly is related with insulin 

resistance, but also with structural and functional heart changes which consist acromegalic 

cardiomyopathy. Patients with prolactinomas demonstrate an aggravation of metabolic parameters, 

obesity, dysregulation of glucose and lipid metabolism and endothelial dysfunction. On the other 

hand, hypopituitarism and conventional hormonal replacement which is far from ideal contribute 

to an unhealthy metabolic status which leads to atherosclerosis and premature mortality. This 

review aims to update literature on cardiovascular risk and relevant morbidities in pituitary 

disorders. 

Keywords: cardiovascular disease; pituitary; acromegaly; Cushing’s disease; prolactinoma; 
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Introduction 

Pituitary gland plays a pivotal role in the regulation of metabolism and the cardiovascular status. 

Glucocorticoids increase caloric and dietary fat intake, induce hyperglycemia and ectopic fat 

distribution and act directly on the heart and blood vessels. Cushing’s disease (CD) is associated with 

visceral obesity, insulin resistance, atherosclerosis, arterial hypertension, dyslipidaemia and 

hypercoagulability, structural and functional changes in the heart. GH promotes insulin resistance 

and lipolysis and regulates cardiac contractility and vascular motility. Acromegaly may result in 

glucose and lipid abnormalities and various structural and functional heart disorders characterized 

as acromegalic cardiomyopathy. Prolactin regulates food intake and exerts inotropic action on 

myocardium. Patients with prolactinoma have frequently endothelial dysfunction and even 

abnormalities of systolic and diastolic heart function. Hormonal excess or deficiencies commonly 

caused by pituitary adenomas are associated with several morbidities; the cardiovascular burden is 

the most important and the main cause of mortality. Various treatment modalities (surgery, medical 

treatment or radiotherapy) of pituitary adenomas may also affect the cardiometabolic status of the 

patient (Table 1). Herein, we review the literature on cardiovascular (CV) risk in patients with CD, 

acromegaly, prolactinomas and hypopituitarism.  

Table 1. Metabolic and cardiac structural and functional alterations in patients with GH deficiency, 

acromegaly, prolactinoma and CD. 

 GHD Acromegaly Prolactinoma Cushing’s disease 
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Lipid 

metabolism 
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cholesterol & LDL 
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Increased LDL 
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Increased total 

cholesterol & LDL 

Increased 

triglycerides 
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Cardiac 

structure and 

function 

changes 

 

Diastolic dysfunction  

Myocardial 

hypokinesia 

Reduced left cardiac 

ventricular mass  

Low ejection fraction  

Compromised exercise 

capacity 

Hypertension 

Left ventricular 

hypertrophy 

Systolic & diastolic 

dysfunction 

Cardiomyopathy 

Valvulopathies 

Hypertension 

 

Subclinical 

cardiac 

dysfunction 

 

Left ventricular 

hypertrophy  

Systolic & diastolic 

dysfunction 

 

Insulin 

resistance/ 

metabolic 

syndrome 

 

Obesity 

Increased 

subcutaneous and 

visceral fat 

Glucose intolerance 

Reduced beta cell 

function  

Increased lipolysis 

Decreased glucose 

uptake  

Increased 

glycogenolysis & 

glyconeogenesis 

Obesity  

Insulin 

resistance 

Obesity 

Insulin resistance  

Diabetes mellitus 

 

 

Endothelium 

and 

vasculature 

 

Increased carotid 

intima media thickness 

Atherosclerosis of 

small and large vessels 

Reduced ascending 

aorta diameter  

 

Endothelial 

dysfunction 

Increased 

endothelial 

proliferation 

Increased oxidative 

stress 

  

 

Coagulation 

abnormalities 

Increased (PAI-1) 

Reduced protein S 

Increased 

fibrinogen and 

(PAI-1) 

Decreased (t-PA) 

and (TFPI)  

 
Hypercoagulability 

state 

 

Pro-

inflammatory 

markers and 

oxidative 

stress 

Increased c-reactive 

protein 

Increased adipokines 

& pro-inflammatory 

cytokines (as IL-6 and 

TNF-α) 

Increased (PAPP-A) 

Elevated oxidated LDL  

Increased 

proinflammatory 

cytokines 

Overexpression of 

cell adhesion 

molecules  

 

Increased 

proinflammatory 

cytokines 

 

Abbreviations: low-density lipoprotein (LDL), high-density lipoprotein (HDL), left ventricle hypertrophy 

(LVH), plasminogen activator inhibitor (PAI-1), pregnancy associated plasma protein A (PAPP-A), tissue 

plasminogen activator (t-PA), tissue factor pathway inhibitor (TFPI). 

Cushing’s Disease 

Mortality 
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CD is a rare condition of cortisol excess attributed to an ACTH secreting adenoma. Chronic 

hypercortisolemia is associated with cardiovascular abnormalities (visceral obesity, insulin resistance 

and impaired glucose tolerance, atherosclerosis, arterial hypertension, dyslipidaemia and 

hypercoagulability, structural and functional changes in heart) which do not seem to reverse 

completely even after remission. CV disease is the main cause of increased mortality which is 

observed not only in patients with persistent hypercortisolemia but also in those in remission [1–8].  

A Danish study of 343 patients with Cushing’s syndrome (CS) (211 patients with CD) estimated 

an increased risk for cardiovascular and thromboembolic events even 3 years before diagnosis. For 

the period 0-30 years after diagnosis the estimated hazard ratio risk (HR) for venous 

thromboembolism was 2.8 (95% CI 1.4-5.6), for acute myocardial infarction 3.6 (95% CI 2.2-5.9), for 

stroke 2.1 (95% CI 1.2-3.6) and for heart failure 1.3 (95% CI 0.5-3.2). Mortality risk was increased 

during first year and remained high during long term follow up and remarkably was higher in 

younger patients (≤44 years) than in older ones (HR 3.9, 95% CI 2.6-6.1 versus HR 2.0, 95% ci 1.5-2.6) 

[9]. A multinational, retrospective study from UK, Denmark, Netherlands, and New Zealand for 

patients cured from CD for a minimum of 10 years at study entry (320 patients) estimated an 

increased standard mortality ratio (SMR) for circulatory disease 2.72 (95% CI 1·88–3·95), while the 

overall SMR for all-cause mortality was 1.61 (95% CI 1·23–2·12) [2]. Recently a Swedish nationwide 

study including 502 patients with confirmed CD and median follow-up time 13 years, reported an 

increased SMR 6.9 (95% CI, 4.3-10.4) for patients not in remission and lower but still increased SMR 

for patients in remission 1.9 (95% CI, 1.5-2.3). CV disease was the commonest cause of death and CV 

SMR was 3.3 (95% CI, 2.6-4.3). More specifically, SMR for ischemic heart disease was 3.6 (95% CI, 2.5- 

5.1) and for cerebral infarction 3.0 (95% CI, 1.4- 5.7). For ischemic heart disease SMR for patients in 

remission was 2.7 (95% CI 1.7-4.2) for patients not in remission 10.7 (95% CI 3.5-25) while for patients 

with unknown remission status 10.4 (95% CI 4.2-22). These data highlight the irreversible negative 

effect of chronic hypercortisolemia on the CV and cerebrovascular system which contributes to an 

increased mortality even in cured patients [7].  

The incidence of cardiac and cerebrovascular comorbidities has been investigated in 503 patients 

with CD during the period before diagnosis, from diagnosis to 1 year after remission, and during 

long-term remission. A 3-fold increased standard incidence ratio (SIR) was observed for stroke, 2-

fold for myocardial infarction, 5-fold for pulmonary embolism and 3-fold for deep vein thrombosis. 

SIR for thromboembolism was increased in both the period before diagnosis 11.5 (95% CI 4.2- 25.0) 

and the peri- treatment period 18.3 (95% CI 7.9- 36). In particular, SIR for deep vein thrombosis was 

increased during both periods, while SIR for pulmonary embolism was elevated during the peri-

treatment period. SIRs for myocardial infarction and ischemic heart disease, were increased only 

during the period of 3 years prior to diagnosis. SIR for stroke was increased (4.9, 95% CI, 1.3-12.5) 

during the peri-treatment period, but not before the diagnosis. SIRs for atrial fibrillation were also 

increased during the peri-treatment period. The incidence of stroke (3.1, 95% CI 1.8-4.9), and 

thromboembolism (4.9, 95% CI 2.6-8.4), remained elevated during long-term remission [10]. 

Metabolic Issues 

Physiological Effects of Cortisol  

Glucocorticoids (GCs) increase caloric and dietary fat intake [11]. They increase blood glucose 

levels by inhibiting peripheral glucose uptake by muscles and adipose tissue and by promoting 

gluconeogenesis and glycogenolysis in the liver. At the level of pancreas cortisol decreases insulin 

and increases glucagon, which enhances liver glycogenolysis, gluconeogenesis, ketogenesis and 

lipolysis and decreases lipogenesis. GCs increase de novo lipid production in hepatocytes and 

promote hydrolysis of circulating triglycerides (chylomicrons, very low-density lipoproteins) by 

lipoprotein lipase (LPL) activity and the conversion of preadipocyte to mature adipocytes. 

Accumulation of fatty acids in circulation results in ectopic fat distribution in the liver, muscle, and 

central adipocytes.  

Effect of Cortisol Excess  
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Obesity 

Chronic hypercortisolemia has a negative effect on body composition. It increases the total and 

trunk fat and reduces the lean part [12]. A magnetic resonance study (MRI) study showed that 

females with active CD had significantly higher total, visceral and trunk subcutaneous adipose tissue, 

but similar intermuscular, despite lower skeletal mass, compared to weight matched controls [12]. 

Prolonged exposure to GCs suppresses the function of human brown adipose tissue (BAT) and favors 

energy production and lipogenesis [13]. Body composition changes remain impaired even after 5 

years of remission and these patients have significantly higher body mass index (BMI) and waist-to-

hip ratio (WHR) in comparison with age, sex and BMI matched controls [14]. An increased infiltration 

by CD68+ macrophages, CD4+ T lymphocytes, and CD11c+ macrophages and decreased vimentin 

characterizes the adipose tissue of patients with active CD compared with BMI-matched controls [15]. 

Excessive total and trunk fat and the inflammatory profile with low adiponectin and high TNF-1 and 

IL-6 persist even 11 years after remission of CD [16]. Similarly, proinflammatory IL-6 and IL-1β levels 

remained significantly elevated in a group of 31 patients with CD despite their remission (mean 19.5 

months) and the significant decreases in their BMI, insulin resistance and visceral, hepatic and 

intermuscular fat stores [17]. TNF-1 has been associated with coronary calcifications in CD patients 

with long term remission (mean 11 years). Remission of CD for 6 months improves fat distribution 

and ameliorates but not completely the metabolic profile [18]. Persistent low-grade inflammation, 

contributes to the increased cardiovascular mortality in CD patients [19]. 

Glucose Metabolism 

Hyperglycaemia in CD is due to several GCs-related actions [20]. GCs promote gluconeogenic 

enzymes and reduce insulin sensitivity in the liver and skeletal muscle. They increase proteolysis and 

subsequent muscle mass loss which results in impaired glucose uptake. They affect b-cell function 

interfering with glucose uptake and b-oxidation as well as with insulin secretion [21]. Abdominal 

obesity enhances insulin resistance and lipolysis, aberrant adipokine secretion, and low-grade 

inflammation. Amongst 25 patients with CD and 32 sex- and age-matched subjects (control-1 group) 

and 32 BMI-matched subjects (control-2), the prevalence of impaired glucose metabolism was higher 

in CD patients and recovered only in 2 patients (40%) after 1 year in remission [22]. Furthermore, 

patients with CD in remission for 5 years had higher fasting and stimulated glucose and insulin levels 

than sex- and age-matched controls. Diabetes mellitus was diagnosed in five patients (33.3%) and in 

two (6.7%) BMI- matched controls, whereas reduced glucose tolerance was found in four patients 

(26.7%), in three sex- and age-matched controls, and in eight BMI matched controls [14]. 

Lipid Metabolism 

Excess GCs may lead to the development of dyslipidaemia due to the inhibition of LPL activity 

in adipose tissue. Patients with active CD have higher total, low density lipoprotein-cholesterol 

(LDL), total/high-density lipoprotein (HDL) ratio and lower HDL levels than sex and age matched 

(control-1) subjects and higher total/HDL ratio and lower HDL levels than BMI matched (control-2) 

subjects [23]. Markers of atherosclerosis as an increased intima-media thickness (IMT) and lower 

systolic lumen diameter and atherosclerotic plaques are more prevalent in comparison with either 

control group. One year after remission, although LDL-cholesterol and IMT significantly decreased 

and systolic lumen diameter significantly increased, they were still abnormal compared with sex and 

age matched controls but similar to BMI matched subjects [22]. Greater IMT has been estimated not 

only at carotid level but also at aortic sites in comparison with controls [23]. Coronary calcifications 

and/or noncalcified plaques have been demonstrated by noninvasive angiography in 42% of women 

and 30% of patients (<45 yrs) with long term remission (mean time 11.6 years) [22]. Echo doppler 

ultrasonography has showed that atheromatic indices remain impaired even after remission of 5 

years [14]. 

Cardiovascular Issues 
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Physiological Effects of Cortisol  

GCs act through glucocorticoid and mineralocorticoid receptors on heart and blood vessels. 

Through different signaling pathways GCs are involved in angiogenesis, oxidative stress, and 

inflammation in vascular smooth and endothelial cells [24]. A well-recognized effect is the 

modulation of NO biosynthesis [25,26]. Systemic glucocorticoid administration in mice leads to 

hypertension through inhibition of NO metabolites and downregulation of the gene expression of 

NO synthase III in endothelial cells [27]. 

Effect of Cortisol Excess  

Hypertension 

Hypertension in CD is multifactorial and affects up to 81% of patients [28]. Underlying 

pathogenesis includes the activation of mineralocorticoid and glucocorticoid receptors, the 

upregulation of renin-angiotensin system and sympathetic nervous system and an imbalance 

between vasoconstriction and vasodilatation substances [29]. Electrocardiographic abnormalities 

with longer QTcd and shorter QTcmin, left and right ventricular hypertrophy (LVH), (RVH), higher 

systolic and diastolic blood pressure (SBP) are common [28]. 

CD patients exhibit greater degree of vasoconstriction and LV systolic dysfunction in 

comparison with hypertensive middle aged controls [30]. Lack of nocturnal blood pressure dipping 

was observed in 50% of patients with active disease and it remained 1 year after remission. Daytime 

heart rate was higher in active CD and decreased over time after cure [31]. In a group of 29 patients 

with CS (14 with CD) hypertension was demonstrated in 64% during the active period and 50% 

continued to need antihypertensive drugs 1 year after remission [32]. 

Structural and Functional Heart Disorders 

During active CD impaired diastolic and systolic LV function has been detected [33] and 70% of 

patients with active CS present abnormal LV mass parameters; specifically concentric hypertrophy 

has been evaluated in 42% and concentric remodeling in 23% [34]. Even those with well controlled 

blood pressure (below 140/90mmHg) demonstrated significantly lower (LV) contractility and higher 

prevalence of LV diastolic dysfunction in comparison with hypertensive patients and healthy 

volunteers [30]. 

Thrombotic Risk 

Hypercortisolism provokes a hypercoagulability state predisposing to venous and arterial 

thromboembolic events [35]. The underlying mechanisms include i) increase in pro-coagulation 

factors and shortened activated partial thromboplastin time (aPTT), (ii) impaired fibrinolysis, (iii) 

increased thrombin, thromboxane A2 and platelets, and (iv) compensatory increase in 

anticoagulation factors such as protein C and S. Endothelial dysfunction, increased IMT, vascular 

wall fibrosis and remodeling, increased vascular oxidative stress and atherosclerosis, obesity, 

hypertension, insulin resistance and diabetes contribute to disturbances in the hemostatic balance. 

The risk for venous thromboembolic events (VTE) after pituitary surgery is higher in CD patients 

(3.4%), in comparison with patients with nonfunctioning pituitary adenomas (NFPAs) (0%). The 

incidence rate for CD patients was 141 (95% CI 75–234) per 1000 person-years and the majority of 

events occurred between 1 week and 2 months after pituitary surgery. Medically pretreated patients 

had a lower risk of VTE in the 3 months after surgery (2.5%, 95% CI 1.2–5.1) compared with those 

who were not pretreated (7.2%, 95% CI 3.1– 15.9) [36]. A metanalysis of 2,083 cases undergoing either 

transsphenoidal (TSS) surgery (1476 cases) or adrenalectomy (607 cases) estimated that 4.75% 

(99/2,083) of patients had a VTE event within 30 days of surgery [37]. Postoperative reduction of 

cortisol activates inflammation and increases coagulation parameters and thrombotic risk and 

abnormalities persist up to 1 year or longer after remission. According to recent guidelines screening 

of cardiovascular risk and rigorous management should be performed during all stages of 

management of CD [38]. 
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Effects of Specific Treatments on Metabolic and Cardiovascular Issues 

Treatment with levoketoconazole improves glycemic control in patients with DM [39]. Long 

term treatment with osilodrostat ameliorates metabolic and cardiovascular parameters and decreases 

weight, BMI, waist circumference, blood pressure, fasting plasma glucose, HbA1c, total cholesterol, 

and triglycerides [40]. Pasireotide therapy significantly reduces weight, BMI, waist circumference, as 

well as total and LDL-cholesterol, whereas significantly increases fasting plasma glucose and 

glycated haemoglobin [41,42]. Mifepristone is the only FDA-approved drug for glycaemia control in 

patients with Cushing’s syndrome and type 2 diabetes. It enhances insulin-stimulated glucose uptake 

through a mechanism that involves a decrease in mitochondrial function and AMPK activation in 

skeletal muscle cells [43]. 

Acromegaly 

Mortality 

Acromegaly is characterized by increased levels of growth hormone (GH) and insulin-like 

growth factor-1 (IGF-1) caused in the majority of cases by a GH-producing pituitary adenoma. Older 

studies reported increased SMR by 2-3 times, mainly due to CV and respiratory causes [44,45]. 

However, recent reports describe a reduction in SMR to levels similar to the general population with 

malignancies being the main cause of death [46,47]. SMR for all patients of the Swedish pituitary 

registry was 1.29 (95% CI 1.11-1.49). It was not increased in controlled acromegalics but it was 

elevated in non-controlled patients at the latest follow-up 1.90 (95% CI 1.33-2.72) (for the decade 1991-

2000) and 1.98 (95% CI 1.24-3.14) (for the decade 2001-2011), respectively [48]. Both increased GH 

levels and duration of disease affect CV risk. Remarkably an average delay for diagnosis about 10 

years has been estimated. The adoption of current, safe GH levels (random <1ng/ml, nadir during 

oral glucose tolerance test <0.4ng/ml) and age/gender normalized IGF-1 levels together with modern 

therapeutic modalities have improved patient outcomes [49]. 

Metabolic Issues 

Physiological Effects of Growth Hormone  

GH is acting as an anabolic hormone and induces lipolysis. This may occur by activation of 

hormone sensitive lipase (HSL) [50], a critical enzyme for lipolysis. GH inhibits LPL activity in 

adipose tissues, increasing serum lipids and changing body fat distribution. The increased 

availability of free fatty acids (FFA) in the context of insulin resistance increases triglyceride and 

reduces HDL levels [51]. Unlike in the adipose tissue, GH induces (FFA) uptake into skeletal muscle 

by up-regulation of LPL expression.  The role of GH and IGF-1 in glucose metabolism is complex. 

GH promotes directly an insulin resistant state as it antagonizes insulin action and increases hepatic 

gluconeogenesis [52,53]. Moreover, it promotes triglyceride (TG) uptake into the liver by increasing 

(LPL) and/or hepatic lipase expression and/or activity. In addition, it stimulates TG secretion and 

hepatic fatty acid oxidation.  

In the basal state, the effects of GH on protein metabolism are modest and include increased 

protein synthesis and decreased breakdown at the whole body level and in muscle together with 

decreased amino acid degradation/oxidation.  

The Role of GH Excess  

Obesity 

No differences have been detected in body composition between controlled and not controlled 

acromegalics by the means of bioimpedance or dual-energy X-ray absorptiometry (DEXA) analysis 

[54,55]. Interestingly, a type of lipodystrophy with reduced adipose mass centrally and intrahepatic 

lipid and a shift of excess lipid to intramuscular adipose tissue has been observed [55]. The increased 

adipose content in muscle could be associated with GH-induced insulin-resistance [56]. GH directly 

promotes inflammation of human adipocytes by increasing VEGF and MCP1 levels [57]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2024                   doi:10.20944/preprints202405.0588.v1

https://doi.org/10.20944/preprints202405.0588.v1


 7 

 

Glucose Metabolism 

Chronic GH excess impairs insulin sensitivity, increases gluconeogenesis, reduces the glucose 

uptake in adipose tissue and muscle and alters pancreatic β-cell function. Hyperproinsulinaemia in 

acromegaly suggests that prolonged and excessive GH secretion may result in pancreatic β-cell 

dysfunction [58].  

The prevalence of abnormal glucose tolerance is more than 50 % at the time of diagnosis and it 

is associated with an older age, a higher BMI, a family history of diabetes and a higher IGF-1 z-score, 

but not with fasting or post-OGTT GH levels [59]. The negative effect of diabetes in CV mortality of 

acromegalics was clearly demonstrated in the following Swedish, nationwide, study which compared 

254 acromegalics with type 2 diabetes (ACRO-DM group) with 532 without diabetes (ACRO group) 

for a mean follow-up of 9.2 years. The unadjusted overall mortality rate per 1000 person-years was 

35.1 (95% CI, 27.2-44.7) and 20.1 (95% CI, 16.5-24.3) respectively. HR for overall mortality was 1.58 

(95% CI, 1.12-2.23), while CV mortality (HR 2.11; 95% CI, 1.09-4.10) and morbidity (HR 1.49; 95% CI, 

1.21-1.82) were increased in the ACRO-DM group [60].  

Lipid Metabolism 

Acromegalic patients are characterized by lower HDL cholesterol and apoA-I levels and by 

higher triglycerides and Lp(a) concentrations in comparison to controls [61,62]. Additionally, they 

have increased levels of oxidative stress markers which contribute to a more atherogenic profile [63]. 

Cardiovascular Issues 

Physiological Effects of GH  

Under physiologic conditions GH and IGF-I are exerting a beneficial effect on CV system. GH 

and IGF-1 receptors are expressed in the heart and the vessels and regulate myocyte growth and 

structure, cardiac contractility and vascular function [64,65]. They affect peripheral resistance 

through the release of NO and/or other vasodilators from the endothelium or the regulation of gene 

expression of the vascular smooth muscle K-ATP channel. Aberrations in coagulation and fibrinolysis 

have been reported [66]. 

The Role of GH Excess  

Hypertension 

Hypertension is a major factor for CV mortality in acromegaly. Excess GH leads to increased 

sodium and water retention, by a direct kidney effect at the epithelial sodium channel (ENaC) subunit 

in the cortical collecting ducts [67]. The prevalence is estimated at approximately 30% and 50% of 

patients are non-dippers [68]. These changes are not always reversible and hypertension may persist 

in treated acromegalic patients [69,70]. 

Structural and Functional Heart Disorders 

With normal GH/IGF-1 levels the protective PI3K-Act pathway predominates reducing vascular 

tone and oxidative damage. On the contrary, excess GH/IGF-1 levels acting through the MAPK 

pathway are leading to expression of pro-inflammatory cytokines and facilitate endothelial 

dysfunction and vascular remodeling [71].  

Significantly lower flow mediated dilatation (FMD) of the brachial artery has been detected in 

acromegalics than in healthy and risk-factor-matched controls. Comparison of carotid IMT by 

ultrasonography showed no differences between acromegalics and controls and between active and 

controlled acromegalics [72]. 41% of acromegalic patients have evidence of coronary atherosclerosis 

and control of the disease does not influence the result [73]. Data from the German Acromegaly 

Registry estimated that SMR for myocardial infarction was 0.89, for stroke 1.17 and the latter was 

more increased in hypertensive patients [74]. 
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GH can stimulate cardiomyocyte hypertrophy independently of IGF-1 [65]. On the other hand, 

IGF-1 has a direct hypertrophic effect on cultured rat cardiomyocytes through its own receptor 

leading to increased actin/myosin expression, increased intracellular calcium levels and an anti-

apoptotic effect [64]. However, the exact mechanism for the increased cardiac contractility and 

hypertrophy induced by excess GH/IGF-1 level remains unclear. In cardiac echocardiography 

studies, LVH ranges between 11-78% and diastolic dysfunction between 11-58% of patients [75]. 

Cardiac magnetic resonance (CMR) studies describe lower prevalence of LVH and development of 

myocardial fibrosis in 14.8% of patients [76]. 

Acromegaly is associated with a typical cardiomyopathy, characterized by biventricular 

hypertrophy, myocardial necrosis, lymphocytic infiltration, and interstitial fibrosis [68]. The first 

stage of cardiac hypertrophy presents as hyperkinetic syndrome with increased systolic output. At 

the intermediate stage, more severe hypertrophy is leading to diastolic dysfunction, in up to 58% of 

patients with active disease, and systolic dysfunction on effort. The end-stage is characterized by 

systolic dysfunction at rest and overt congestive heart failure (CHF). The progression to systolic 

dysfunction is generally uncommon (<3%) and CHF is rare in active acromegaly (1-4%). The 1- and 

5-year mortality (or transplantation) rates for patients with chronic symptomatic CHF are 25% and 

37.5%, respectively, as dilated cardiomyopathy is not reversible [77]. 

Cardiac arrhythmias, in the form of complex ventricular cardiac arrhythmias and sudden 

cardiac death are the most common causes of increased mortality in acromegaly. There are reports of 

elevated beat-to-beat QT variability and elevated late potentials. The low-amplitude, high-frequency 

waves in the terminal tract of QRS complexes correlate with ventricular tachyarrhythmias [45]. LV 

dyssynchrony is increased in acromegaly and may contribute to the progression to dilated heart 

failure [78]. Interstitial fibrosis is another factor that may cause arrhythmias in acromegaly since it 

disturbs the process of pulse propagation.  

Valvulopathy has been reported, including mitral valve (5% vs 0% in controls) and aortic valve 

regurgitation (20% vs 4% in controls) with risk increasing by 19% per year with disease duration [79]. 

In a prospective study, mitral valve regurgitation increased from 46% to 76% in 2 years [80]. 

Thrombotic Risk 

Abnormalities of hemostatic function include elevated levels of fibrinogen, antithrombin III, 

Plasminogen Activator Inhibitor-1 (PAI-1) and enhanced platelet activity and reduced levels of 

protein C, S and t-PA [66,81,82]. Moreover, patients with active acromegaly have disturbed fibrin 

network with more compact clots [83]. 

Effects of Specific Treatments on Metabolic and Cardiovascular Issues 

Surgical treatment of acromegaly has a beneficial effect on insulin resistance and glucose 

metabolism [84], however, patients with already compromised β-cell function do not improve after 

surgery [85]. Somatostatin analogues (SSAs) improve insulin sensitivity but on the other hand inhibit 

insulin secretion [86]. In a prospective study SSAs as primary medical treatment for 5 years improved 

dyslipidemia and glucose tolerance was stable [87]. A recent meta-analysis showed that SSAs 

treatment in acromegaly patients, improve disease control, reduce insulin levels, and increase HbA1c 

levels without affecting fasting plasma glucose (FPG) [88]. Glucose monitoring is necessary during 

SSAs treatment, particularly for the second generation SSA pasireotide. Diabetes is diagnosed in up 

to 26% of patients who receive pasireotide both in responders and non-responders [89]. During long-

term treatment with pegvisomant, fasting serum insulin and glucose levels decrease significantly 

[90]. Combination treatment of SSA and pegvisomant has a better effect on glucose profile compared 

with SSAs only [91]. Both surgery and SSAs have been reported to reduce triglycerides and increase 

HDL levels in acromegalic patients [87,92]. Pegvisomant increases significantly LDL and total 

cholesterol, whereas SSAs have no effect on LDL levels [93]. 

Modern management of acromegaly has reduced mortality and CV morbidities [94]. 

Hypertension responds to amiloride [95], but ACE-i or ARBs may also improve cardiac indices in 
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CMR compared with other antihypertensive drugs [96]. Changes induced by GH excess may not be 

reversible and hypertension may persist in treated acromegalic patients [69,70]. 

The effect of GH/IGF-I excess on endothelial function is only partially reversible in cured 

acromegaly [70]. Patients with acromegaly have significantly impaired endothelial function as 

assessed by FMD, irrespective of disease activity [97]. In a prospective study where patients received 

6 months SSAs, IMT had a trend only to decrease in patients with disease control [98]. Similarly, in 

another study a slight reduction of carotid arteries wall thickness and a significant improvement of 

brachial arteries vascular function was observed in patients with acromegaly resistant to SSA who 

were treated with pegvisomant [99]. 

Acromegaly cardiovascular disease improves after treatment by either surgery, SSA or 

pegvisomant. In a prospective study, LVM, LVMi, interventricular septum diastolic thickness 

(IVSDT) and posterior wall diastolic thickness (PWDT) were significantly reduced and diastolic 

function was significantly improved within 6 months after surgery [100]. The reversibility of LVH by 

SSAs appears by 3 months, and cardiac remodeling occurs quite quickly [77]. Reduction of LV mass 

correlates with the response to SSAs treatment [101]. SSAs have direct beneficial effects on cardiac 

myocytes and contribute to the improvement of echocardiographic parameters even in patients who 

have not achieved complete biochemical control of the disease [102]. Diastolic filling is improved, but 

the effect on ejection fraction and exercise tolerance is more variable. They have beneficial effects on 

cardiomyopathy that are not apparent in surgically treated patients [102]. The recovery of LV 

hypertrophy or diastolic and systolic dysfunction depends not only on the correction of hormone 

excess but also on patient age and disease duration [103]. In patients not controlled on SSAs alone, 

pegvisomant monotherapy [104] or in combination with SSAs [105] improves acromegalic 

cardiomyopathy.  

Arrhythmias are ameliorated by SSAs therapy, possibly acting through the heart somatostatin 

receptors (SSTRs). SSAs have well-known electrophysiological properties like QT prolongation, early 

repolarization, low voltage, R/S transition, early R wave progression, and nonspecific ST-T wave 

changes, as well as bradycardia. In a cohort of acromegalic patients that presented >50 ectopic 

ventricular beats per 24h, a significant amelioration was observed after 6 months treatment with SSAs 

[106]. Attention is needed in patients that exhibit a prolonged QT interval, as risk of QT interval 

prolongation has been reported with pasireotide [107]. Some studies have shown no change in the 

frequency of ventricular arrhythmias after successful treatment of acromegaly, possibly due to the 

irreversibility of myocardial fibrosis in some cases. On the contrary, acromegalic patients that lacked 

structural heart disease had a low frequency of cardiac arrhythmias [108]. Pegvisomant has also been 

reported to improve arrhythmias [109]. 11- 30% of patients with acromegaly have obstructive sleep 

apnea (OSA), predisposing them to arrhythmias. The effect of acromegaly treatment on OSA is 

variable. However, despite cure of acromegaly, sleep apnea persisted in more than 40% of patients 

in prospective studies [110]. 

Of note, the incidence of valvular abnormalities and the risk for further progression of 

valvulopathy remain unchanged with treatment. Fortunately, data are reassuring regarding the risk 

for cardiac valve disease in patients with acromegaly treated with cabergoline [111]. 

The disturbed parameters of coagulation and fibrinolysis have been considered to contribute to 

the increased cardiovascular risk in acromegaly. Some of these abnormalities are reversible after 

surgical or medical treatment. Fibrinogen levels are reduced in controlled patients [98] and platelet 

volume and function are at least partially normalized [112]. Similarly, the abnormal clot structure 

properties in active acromegaly seem to ameliorate in patients with long term disease remission [83]. 

Real world data show that comorbidities are less prevalent in controlled patients, but 

unfortunately a third of the patients remained uncontrolled after 8 years of treatment which 

demonstrates the difficulty of achieving control in some patients [113]. 

Prolactinomas 

Mortality 
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CVD related mortality is lower in prolactinomas compared to ACTH, TSH and NFPA patients. 

In a study from Korea SIR for hemorrhagic stroke was 3.88, for ischemic stroke 2.94, while for acute 

myocardial infarct was 1.94 [114]. Higher incidence rate of cardiovascular events has been estimated 

in males (14.8 per 1000 person-years versus 1.8 for the females [115]. 

Metabolic Issues 

Physiological Effects of Prolactin  

Prolactin and dopamine receptors type 2 are expressed on both human pancreatic β- cell and 

adipocytes, supporting a key role of prolactin and dopamine in peripheral metabolic regulation. PRL 

excess is known to influence the orexigenic–anorexigenic systems that regulate appetite and elicits 

an increase in food intake, leading to weight gain and obesity [116]. 

The Role of Prolactin Excess  

Obesity 

In comparison with the National Health and Nutrition Examination Survey population, patients 

with prolactinomas and particularly men have an increased prevalence of class II obesity [117]. They 

have significantly higher BMI than controls; but fat mass is higher only in men [118]. Weight gain is 

a presenting feature in prolactinoma patients and normalization of prolactin with either 

transsphenoidal surgery (TSS) or dopamine agonists (DA) is associated with weight loss and BMI 

reduction [119,120]. Treatment with cabergoline decreases significantly the visceral adiposity index 

[109]. 

Glucose Metabolism 

Data for glucose metabolism are not consistent and either higher fasting glucose levels [83] or 

similar to controls [118] have been observed. Dopamine agonists improve insulin sensitivity 

[120,121]. This effect happens independently of prolactin decrease [122]. Decrease of fasting glucose 

has been observed after normalization of prolactin with either TSS or DA therapy [123]. 

Lipid Metabolism 

Patients with prolactinoma have higher levels of LDL and lower levels of HDL in comparison 

with controls. Treatment with dopamine agonists decrease LDL levels [120,121]. 

Cardiovascular Issues  

Physiological Effects of Prolactin  

Prolactin may act on ventricular myocyte [124]. It exerts a direct inotropic positive action on the 

mammalian myocardium, partly mediated via the local release of catecholamines and the cAMP 

pathway [125]. 

The Role of Prolactin Excess  

Hyperprolactinemia in humans may be associated with a slight impairment of diastolic function 

[126]. Epicardial adipose tissue thickness (EATT) is a surrogate marker for visceral fat and a novel 

cardiovascular risk indicator. EATT and cIMT are greater in patients with prolactinoma, despite their 

normal cardiac systolic and diastolic functions [127,128]. Subclinical cardiac dysfunction has been 

observed in untreated patients and is characterized by impaired LV systolic and diastolic function, 

as well as regional segment motional abnormality [87]. Treatment with cabergoline improves 

inflammatory markers and decreases cIMT independently from the decrease in prolactin, LDL 

cholesterol and BMI [122]. 

Effects of Specific Treatments on Metabolic and Cardiovascular Issues 
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Cabergoline improves insulin sensitivity and inflammatory markers and causes a decrease in 

CIMT independently of the decrease in prolactin, LDL cholesterol and BMI [122]. Major adverse 

effects that should be monitored during treatment with dopamine agonists consist of cardiac 

valvulopathy and impulse control disorders[129,130]. 

Hypopituitarism 

Mortality in Hypopituitary Patients 

Patients with pituitary deficiency consist an heterogenous group, due to the variable severity of 

the disease, ranging from isolated deficiency of one hormone to multiple hormone deficiencies. As 

CVR depends on numerous factors apart from pituitary deficiency (vessel and heart diseases, lipid 

and coagulation abnormalities, family history, sex, smoking, obesity), mortality may vary greatly in 

hypopituitarism. 

The great interest about CVR and pituitary deficiency started in early 1990′s, when Rosen & 

Bengtsson [131] published on premature mortality from cardiovascular disease in these patients. As 

evidence grew, it became apparent that women with pituitary deficiency suffered more often than 

men [132]. Apart from sex, age at the onset of hypopituitarism was identified as an important 

determinant of CVR. Young age, both in men and women, has been associated with an increased HR 

for CVR [133]. Additionally, the cause of hypopituitarism is a determinant of CVR, as for example, 

craniopharyngiomas exhibit much higher cardiovascular mortality than non-functioning adenomas 

[134]. Moreover, treatment modalities may contribute to CVR, for example; a) the treatment itself, 

with the example of radiotherapy and vascular deaths and b) the fact that multiple treatments may 

cause more often pan-hypopituitarism that is known to augment CVR [135] 

GH deficiency was implicated as the main cause for CVR mortality, given the fact that 

hypopituitary patients were treated conventionally with thyroxine, cortisol and gonadal steroids 

when needed, but no GH [136].  

The conventional hormone replacement in hypopituitary patients has been considered far from 

ideal. It has been gradually understood that the conventional glucocorticoid replacement was 

actually an over-treatment. That chronic, albeit mild, exposure to elevated glucocorticoids has been 

associated with glucose intolerance, hypertension, obesity and hyperlipidemia [137] and 

cardiovascular morbidities a) atherosclerosis and increased vessel resistance, b) systolic and diastolic 

heart dysfunction and c) impaired heart contractibility [138]. 

Growth Hormone Deficiency 

GH Deficiency and Metabolism 

Adult patients with GH deficiency are often obese. The excess body fat is mostly abdominal as 

it is estimated by an increased WHR and consists not only of subcutaneous, but also of visceral fat. 

The latter is associated with insulin resistance and type II diabetes [139]. 

An increased prevalence of metabolic syndrome by 20-50% compared to the general population 

is observed in patients with hypopituitarism [140,141]. The risk is higher in female GH deficient 

patients, those with adult-onset disease and patients older than 40 years [142]. 

GH deficiency is associated with raised total and LDL-cholesterol and triglycerides and 

decreased levels of high-density lipoprotein (HDL). HDL abnormalities are more frequent in females 

[143,144]. Lower concentrations of apolipoprotein A1 and higher levels of apolipoprotein B have also 

been reported [136], adding to the unfavorable profile in GH deficient patients. 

GH Deficiency and Cardiovascular System 

Hypopituitary patients suffer from atherosclerosis of small and larger vessels [145]. An 

increased IMT in carotid arteries [146,147] has been detected. Patients with GH deficiency exhibit 

decreased fibrinolysis, primarily due to increases in PAI-1 [148]. Moreover, they have endothelial 

dysfunction due to increased levels of C-reactive protein, adipokines and pro-inflammatory 

cytokines (as IL-6 and TNF-α) [149].  
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GH deficiency is related with structural and functional cardiac abnormalities which lead to 

diastolic dysfunction and myocardial hypokinesia. The left cardiac ventricular mass is often reduced 

and patients may have low cardiac output and ejection fraction and subsequently a compromised 

exercise capacity. A metanalysis of cardiac MRI studies have confirmed the ventricular alterations 

both in the right and left ventricle of these patients [150]. 

GH replacement may improve numerous parameters of cardiac structure. In addition to the 

increase of ejection fraction and decrease of NT-BNP, it ameliorates the systolic function in adult 

patients [151]. 

Secondary Cortisol Deficiency 

Cortisol Deficiency and Metabolism 

Cortisol excess is associated with central fat accumulation [152]. However, patients with 

secondary cortisol deficiency may also be obese. Secondary cortisol insufficiency occurs late in the 

events of hypopituitarism and its effect on body composition and metabolism are intermixed with 

the effects of other anterior pituitary hormone deficiencies. As a result, the weight loss that is 

observed in primary adrenal insufficiency may not be present in secondary cortisol deficiency. 

Treatment of these patients, especially with dual release hydrocortisone induces reductions in BMI 

and waist circumference [153]. 

Cortisol affects glucose homeostasis by inducing insulin resistance and hyperglycemia [154]. The 

most striking symptom of cortisol deficiency is hypoglycemia, which disappears after cortisol 

substitution. In cortisol deficiency raised triglycerides, low-HDL cholesterol and increased CRP 

contribute to the increased cardiovascular risk, although variations exist in lipid levels due to genetic 

and environmental factors [155]. 

Cortisol Deficiency and Cardiovascular System 

The human heart and vessels express glucocorticoid receptors and cortisol has an important role 

in cardiovascular function. Cortisol deficiency affects myocardial contractibility [156]. Reports on 

secondary adrenal insufficiency and coagulation are scanty: studies reporting bleeding or thrombotic 

events is lacking. Patients with Sheehan’s syndrome demonstrate thrombocytopenia, shorter PT and 

aPTT and von Willenbrand factor deficiency [157]. 

Gonadotrophin Deficiency 

Gonadotrophin Deficiency and Metabolism  

Gonadal steroids affect body composition and intermediate metabolism. Low testosterone 

increases body fat mass and is associated with insulin resistance, metabolic syndrome, type II 

diabetes and obesity [158]. The lipid profile associated with low testosterone is atherogenic, with 

increased total, LDL cholesterol and triglycerides [159] and low HDL cholesterol and apolipoprotein 

A [160]. Low estradiol levels in menopause and hypogonadism are associated with an increase of 

total and central body fat and reduced insulin sensitivity. Elevated LDL cholesterol occurs frequently, 

although the lipid derangements of the metabolic syndrome are also observed [161]. 

Gonadotrophin Deficiency and Cardiovascular System 

Hypogonadal untreated patients have increased mortality [134] due to cardiovascular 

morbidities. Low testosterone correlates with heart failure severity [162]. Nevertheless, some data on 

testosterone replacement in hypogonadal men also demonstrated an increase in CV events [163]. 

Cardioprotection in women is lost in menopause as estrogen deplete and diastolic dysfunction, 

cardiac hypertrophy, ventricular stiffness and heart failure may appear [164].  

Thyrotropin Deficiency 

Central Hypothyroidism and Metabolism  
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Thyroid hormones induce thermogenesis and increase energy expenditure. They regulate basal 

metabolic rate and influence body weight. Hypothyroidism may result in obesity although weight 

loss after treatment of hypothyroidism is mainly related to excretion of excess body water [165]. 

A complex interplay exists between thyroid hormones and body composition, glucose and lipid 

metabolism [166]. Hypothyroidism has been associated with insulin resistance and current studies 

indicate a higher risk for type II diabetes in these patients [167,168]. 

Thyroid hormones regulate lipid metabolism, primarily via liver dependent effects and multiple 

mechanisms. The induction of cholesterol uptake through activation of LDL-receptor genes is a 

significant pathway. However, reductions in apolipoproteins, namely apo-B48 and apo-B11 may 

additionally decrease LDL-cholesterol [169]. 

Central Hypothyroidism and Cardiovascular System 

Thyroid hormones play a significant role in the control of systolic and diastolic blood pressure, 

due to their effects on peripheral vascular resistance and arterial stiffness [170]. The endothelial NO 

production is also regulated by thyroid hormones and affects vascular tone. An atherogenic profile 

is seen in hypothyroidism with hypercholesterolemia with increased levels of CRP, homocysteine 

and PAI-1. Hypothyroidism carries an increased risk of hypertension and atherosclerosis [171].  

The renin-angiotensin-aldosterone system is downregulated in hypothyroidism, as well as the 

beta-adrenergic system in cardiomyocytes. Therefore, in untreated hypothyroidism bradycardia, 

reduced heart contractibility, narrowed pulse pressure and low cardiac output can be seen [171].  

Posterior Pituitary and CVR 

The presence of diabetes insipidus and chronic mild hypo-hydration may also exhibit increased 

cardiovascular disease risk [172].  

Conclusions 

Cardiovascular comorbidities are the main contributor to the increased mortality of patients 

with pituitary disorders and especially in those suffering from CD, acromegaly and hypopituitarism. 

Acromegaly, GH deficiency, Cushing syndrome, and chronic glucocorticoid replacement are 

associated with increased atherosclerotic cardiovascular risk. Pituitary hormonal excess or 

deficiencies contribute to detrimental alterations in glucose and lipid metabolism, endothelial 

function, body composition and heart structural and functional disorders. Early diagnosis and 

successful management is challenging but may normalize the cardiovascular burden of disease. 
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30. B. Uziębło-Życzkowska et al., “Cushing’s Disease: Subclinical Left Ventricular Systolic and Diastolic 

Dysfunction Revealed by Speckle Tracking Echocardiography and Tissue Doppler Imaging,” Front 

Endocrinol (Lausanne), vol. 8, Sep. 2017, doi: 10.3389/fendo.2017.00222. 

31. F. Pecori Giraldi et al., “Circadian blood pressure profile in patients with active Cushing’s disease and after 

long-term cure.,” Horm Metab Res, vol. 39, no. 12, pp. 908–14, Dec. 2007, doi: 10.1055/s-2007-992813. 

32. R. Giordano et al., “Metabolic and cardiovascular outcomes in patients with Cushing’s syndrome of 

different aetiologies during active disease and 1 year after remission.,” Clin Endocrinol (Oxf), vol. 75, no. 3, 

pp. 354–60, Sep. 2011, doi: 10.1111/j.1365-2265.2011.04055.x. 

33. N. A. Bayram et al., “Assessment of left ventricular functions by tissue Doppler echocardiography in 

patients with Cushing’s disease.,” J Endocrinol Invest, vol. 32, no. 3, pp. 248–52, Mar. 2009, doi: 

10.1007/BF03346461. 

34. P. M. Toja et al., “Clinical relevance of cardiac structure and function abnormalities in patients with 

Cushing’s syndrome before and after cure.,” Clin Endocrinol (Oxf), vol. 76, no. 3, pp. 332–8, Mar. 2012, doi: 

10.1111/j.1365-2265.2011.04206.x. 

35. M. G. Suarez et al., “Hypercoagulability in Cushing Syndrome, Prevalence of Thrombotic Events: A Large, 

Single-Center, Retrospective Study.,” J Endocr Soc, vol. 4, no. 2, p. bvz033, Feb. 2020, doi: 

10.1210/jendso/bvz033. 

36. D. J. F. Stuijver et al., “Incidence of venous thromboembolism in patients with Cushing’s syndrome: a 

multicenter cohort study.,” J Clin Endocrinol Metab, vol. 96, no. 11, pp. 3525–32, Nov. 2011, doi: 

10.1210/jc.2011-1661. 

37. J. Wagner, F. Langlois, D. S. T. Lim, S. McCartney, and M. Fleseriu, “Hypercoagulability and Risk of Venous 

Thromboembolic Events in Endogenous Cushing’s Syndrome: A Systematic Meta-Analysis.,” Front 

Endocrinol (Lausanne), vol. 9, p. 805, 2018, doi: 10.3389/fendo.2018.00805. 

38. M. Fleseriu et al., “Consensus on diagnosis and management of Cushing’s disease: a guideline update.,” 

Lancet Diabetes Endocrinol, vol. 9, no. 12, pp. 847–875, 2021, doi: 10.1016/S2213-8587(21)00235-7. 

39. R. Pivonello et al., “Levoketoconazole in the Treatment of Patients With Cushing’s Syndrome and Diabetes 

Mellitus: Results From the SONICS Phase 3 Study.,” Front Endocrinol (Lausanne), vol. 12, p. 595894, 2021, 

doi: 10.3389/fendo.2021.595894. 

40. M. Fleseriu et al., “Long-term outcomes of osilodrostat in Cushing’s disease: LINC 3 study extension.,” Eur 

J Endocrinol, vol. 187, no. 4, pp. 531–541, Oct. 2022, doi: 10.1530/EJE-22-0317. 

41. R. Pivonello et al., “The medical treatment with pasireotide in Cushing’s disease: an Italian multicentre 

experience based on ‘real-world evidence’.,” Endocrine, vol. 64, no. 3, pp. 657–672, Jun. 2019, doi: 

10.1007/s12020-018-1818-7. 

42. M. Fleseriu et al., “Long-term efficacy and safety of once-monthly pasireotide in Cushing’s disease: A Phase 

III extension study.,” Clin Endocrinol (Oxf), vol. 91, no. 6, pp. 776–785, Dec. 2019, doi: 10.1111/cen.14081. 

43. M. Fleseriu et al., “Mifepristone, a Glucocorticoid Receptor Antagonist, Produces Clinical and Metabolic 

Benefits in Patients with Cushing’s Syndrome,” J Clin Endocrinol Metab, vol. 97, no. 6, pp. 2039–2049, Jun. 

2012, doi: 10.1210/jc.2011-3350. 

44. J. Ayuk, R. N. Clayton, G. Holder, M. C. Sheppard, P. M. Stewart, and A. S. Bates, “Growth Hormone and 

Pituitary Radiotherapy, But Not Serum Insulin-Like Growth Factor-I Concentrations, Predict Excess 

Mortality in Patients with Acromegaly,” J Clin Endocrinol Metab, vol. 89, no. 4, pp. 1613–1617, Apr. 2004, 

doi: 10.1210/jc.2003-031584. 

45. A. Colao, D. Ferone, P. Marzullo, and G. Lombardi, “Systemic complications of acromegaly: epidemiology, 

pathogenesis, and management.,” Endocr Rev, vol. 25, no. 1, pp. 102–52, Feb. 2004, doi: 10.1210/er.2002-0022. 

46. E. Ritvonen et al., “Mortality in acromegaly: a 20-year follow-up study.,” Endocr Relat Cancer, vol. 23, no. 6, 

pp. 469–80, 2016, doi: 10.1530/ERC-16-0106. 

47. F. Bolfi, A. F. Neves, C. L. Boguszewski, and V. S. Nunes-Nogueira, “Mortality in acromegaly decreased in 

the last decade: a systematic review and meta-analysis.,” Eur J Endocrinol, vol. 179, no. 1, pp. 59–71, Jul. 

2018, doi: 10.1530/EJE-18-0255. 

48. S. Arnardóttir et al., “Long-term outcomes of patients with acromegaly: a report from the Swedish Pituitary 

Register,” Eur J Endocrinol, vol. 186, no. 3, pp. 329–339, Mar. 2022, doi: 10.1530/EJE-21-0729. 

49. S. Melmed et al., “A Consensus Statement on acromegaly therapeutic outcomes.,” Nat Rev Endocrinol, vol. 

14, no. 9, pp. 552–561, 2018, doi: 10.1038/s41574-018-0058-5. 

50. M. Beauville et al., “Effect of long-term rhGH administration in GH-deficient adults on fat cell epinephrine 

response.,” Am J Physiol, vol. 263, no. 3 Pt 1, pp. E467-72, Sep. 1992, doi: 10.1152/ajpendo.1992.263.3.E467. 

51. L. Moller et al., “Impact of growth hormone receptor blockade on substrate metabolism during fasting in 

healthy subjects.,” J Clin Endocrinol Metab, vol. 94, no. 11, pp. 4524–32, Nov. 2009, doi: 10.1210/jc.2009-0381. 

52. A. A. Sakharova et al., “Role of growth hormone in regulating lipolysis, proteolysis, and hepatic glucose 

production during fasting.,” J Clin Endocrinol Metab, vol. 93, no. 7, pp. 2755–9, Jul. 2008, doi: 10.1210/jc.2008-

0079. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2024                   doi:10.20944/preprints202405.0588.v1

https://doi.org/10.20944/preprints202405.0588.v1


 16 

 

53. N. Goldenberg, J. F. Horowitz, A. Gorgey, A. Sakharova, and A. L. Barkan, “Role of pulsatile growth 

hormone (GH) secretion in the regulation of lipolysis in fasting humans.,” Clin Diabetes Endocrinol, vol. 8, 

no. 1, p. 1, Feb. 2022, doi: 10.1186/s40842-022-00137-y. 

54. A. A. Lopes, L. Albuquerque, M. Fontes, D. Rego, and F. Bandeira, “Body Composition in Acromegaly 

According to Disease Activity – Performance of Dual X-Ray Absorptiometry and Multifrequency 

Bioelectrical Impedance Analysis,” Front Endocrinol (Lausanne), vol. 13, May 2022, doi: 

10.3389/fendo.2022.866099. 

55. C. M. Reyes-Vidal et al., “Adipose Tissue Redistribution and Ectopic Lipid Deposition in Active 

Acromegaly and Effects of Surgical Treatment,” J Clin Endocrinol Metab, vol. 100, no. 8, pp. 2946–2955, Aug. 

2015, doi: 10.1210/jc.2015-1917. 

56. P. U. Freda et al., “Lower visceral and subcutaneous but higher intermuscular adipose tissue depots in 

patients with growth hormone and insulin-like growth factor I excess due to acromegaly.,” J Clin Endocrinol 

Metab, vol. 93, no. 6, pp. 2334–43, Jun. 2008, doi: 10.1210/jc.2007-2780. 

57. N. C. Olarescu, T. Ueland, K. Godang, R. Lindberg-Larsen, J. O. L. Jørgensen, and J. Bollerslev, 

“Inflammatory adipokines contribute to insulin resistance in active acromegaly and respond differently to 

different treatment modalities,” Eur J Endocrinol, vol. 170, no. 1, pp. 39–48, Jan. 2014, doi: 10.1530/EJE-13-

0523. 

58. R. Gama, J. D. Teale, J. Wright, G. Ferns, and V. Marks, “Hyperproinsulinaemia in Acromegaly: Evidence 

for Abnormal Pancreatic β-Cell Function?,” Annals of Clinical Biochemistry: International Journal of Laboratory 

Medicine, vol. 34, no. 6, pp. 627–631, Nov. 1997, doi: 10.1177/000456329703400605. 

59. O. Alexopoulou, M. Bex, P. Kamenicky, A. B. Mvoula, P. Chanson, and D. Maiter, “Prevalence and risk 

factors of impaired glucose tolerance and diabetes mellitus at diagnosis of acromegaly: a study in 148 

patients.,” Pituitary, vol. 17, no. 1, pp. 81–9, Feb. 2014, doi: 10.1007/s11102-013-0471-7. 

60. D. Esposito et al., “Effect of Diabetes on Morbidity and Mortality in Patients With Acromegaly,” J Clin 

Endocrinol Metab, vol. 107, no. 9, pp. 2483–2492, Aug. 2022, doi: 10.1210/clinem/dgac400. 

61. M. Arosio, G. Sartore, C. M. Rossi, G. Casati, G. Faglia, and E. Manzato, “LDL physical properties, 

lipoprotein and Lp(a) levels in acromegalic patients. Effects of octreotide therapy,” Atherosclerosis, vol. 151, 

no. 2, pp. 551–557, Aug. 2000, doi: 10.1016/S0021-9150(99)00426-8. 

62. L. Boero et al., “Alterations in biomarkers of cardiovascular disease (CVD) in active acromegaly,” Clin 

Endocrinol (Oxf), vol. 70, no. 1, pp. 88–95, Jan. 2009, doi: 10.1111/j.1365-2265.2008.03323.x. 

63. P. Anagnostis et al., “Oxidative Stress and Reduced Antioxidative Status, along with Endothelial 

Dysfunction in Acromegaly,” Hormone and Metabolic Research, vol. 45, no. 04, pp. 314–318, Oct. 2012, doi: 

10.1055/s-0032-1323765. 

64. H. Ito et al., “Insulin-like growth factor-I induces hypertrophy with enhanced expression of muscle specific 

genes in cultured rat cardiomyocytes.,” Circulation, vol. 87, no. 5, pp. 1715–21, May 1993, doi: 

10.1161/01.cir.87.5.1715. 

65. C. Lu et al., “Demonstration of direct effects of growth hormone on neonatal cardiomyocytes.,” J Biol Chem, 

vol. 276, no. 25, pp. 22892–900, Jun. 2001, doi: 10.1074/jbc.M011647200. 

66. A. Sartorio et al., “Alterations of haemostatic and fibrinolytic markers in adult patients with growth 

hormone deficiency and with acromegaly.,” Exp Clin Endocrinol Diabetes, vol. 108, no. 7, pp. 486–92, 2000, 

doi: 10.1055/s-2000-8145. 

67. S. Puglisi and M. Terzolo, “Hypertension and Acromegaly.,” Endocrinol Metab Clin North Am, vol. 48, no. 4, 

pp. 779–793, 2019, doi: 10.1016/j.ecl.2019.08.008. 

68. A. M. Ramos-Leví and M. Marazuela, “Cardiovascular comorbidities in acromegaly: an update on their 

diagnosis and management.,” Endocrine, vol. 55, no. 2, pp. 346–359, Feb. 2017, doi: 10.1007/s12020-016-1191-

3. 

69. B. González, G. Vargas, A. L. E. de los Monteros, V. Mendoza, and M. Mercado, “Persistence of Diabetes 

and Hypertension After Multimodal Treatment of Acromegaly,” J Clin Endocrinol Metab, vol. 103, no. 6, pp. 

2369–2375, Jun. 2018, doi: 10.1210/jc.2018-00325. 

70. R. N. Clayton, “Cardiovascular function in acromegaly.,” Endocr Rev, vol. 24, no. 3, pp. 272–7, Jun. 2003, 

doi: 10.1210/er.2003-0009. 

71. T. L. C. Wolters, M. G. Netea, N. P. Riksen, A. R. M. M. Hermus, and R. T. Netea-Maier, “Acromegaly, 

inflammation and cardiovascular disease: a review.,” Rev Endocr Metab Disord, vol. 21, no. 4, pp. 547–568, 

2020, doi: 10.1007/s11154-020-09560-x. 

72. M. C. C. de Almeida et al., “‘Subclinical atherosclerosis in acromegaly: Possible association with 

cardiovascular risk factors rather than disease activity,’” Growth Hormone & IGF Research, vol. 62, p. 101442, 

Feb. 2022, doi: 10.1016/j.ghir.2021.101442. 

73. S. Cannavo et al., “Acromegaly and Coronary Disease: An Integrated Evaluation of Conventional Coronary 

Risk Factors and Coronary Calcifications Detected by Computed Tomography,” J Clin Endocrinol Metab, 

vol. 91, no. 10, pp. 3766–3772, Oct. 2006, doi: 10.1210/jc.2005-2857. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2024                   doi:10.20944/preprints202405.0588.v1

https://doi.org/10.20944/preprints202405.0588.v1


 17 

 

74. C. Schöfl et al., “Incidence of myocardial infarction and stroke in acromegaly patients: results from the 

German Acromegaly Registry.,” Pituitary, vol. 20, no. 6, pp. 635–642, Dec. 2017, doi: 10.1007/s11102-017-

0827-5. 

75. M. R. Gadelha, L. Kasuki, D. S. T. Lim, and M. Fleseriu, “Systemic Complications of Acromegaly and the 

Impact of the Current Treatment Landscape: An Update.,” Endocr Rev, vol. 40, no. 1, pp. 268–332, 2019, doi: 

10.1210/er.2018-00115. 

76. C. M. dos Santos Silva et al., “Low Frequency of Cardiomyopathy Using Cardiac Magnetic Resonance 

Imaging in an Acromegaly Contemporary Cohort,” J Clin Endocrinol Metab, vol. 100, no. 12, pp. 4447–4455, 

Dec. 2015, doi: 10.1210/jc.2015-2675. 

77. A. Colao, L. F. S. Grasso, C. di Somma, and R. Pivonello, “Acromegaly and Heart Failure.,” Heart Fail Clin, 

vol. 15, no. 3, pp. 399–408, Jul. 2019, doi: 10.1016/j.hfc.2019.03.001. 

78. A. Kırış et al., “Left ventricular synchronicity is impaired in patients with active acromegaly.,” Endocrine, 

vol. 44, no. 1, pp. 200–6, Aug. 2013, doi: 10.1007/s12020-012-9859-9. 

79. A. M. Pereira et al., “Increased prevalence of regurgitant valvular heart disease in acromegaly.,” J Clin 

Endocrinol Metab, vol. 89, no. 1, pp. 71–5, Jan. 2004, doi: 10.1210/jc.2003-030849. 

80. A. A. van der Klaauw et al., “Uncontrolled acromegaly is associated with progressive mitral valvular 

regurgitation.,” Growth Horm IGF Res, vol. 16, no. 2, pp. 101–7, Apr. 2006, doi: 10.1016/j.ghir.2006.02.002. 

81. A. Colak et al., “Coagulation parameters and platelet function analysis in patients with acromegaly.,” J 

Endocrinol Invest, vol. 39, no. 1, pp. 97–101, Jan. 2016, doi: 10.1007/s40618-015-0300-0. 

82. C. Erem et al., “Blood coagulation and fibrinolysis in patients with acromegaly: increased plasminogen 

activator inhibitor-1 (PAI-1), decreased tissue factor pathway inhibitor (TFPI), and an inverse correlation 

between growth hormone and TFPI.,” Endocrine, vol. 33, no. 3, pp. 270–6, Jun. 2008, doi: 10.1007/s12020-

008-9088-4. 

83. N. Kyriakakis et al., “Prothrombotic fibrin network characteristics in patients with acromegaly: a novel 

mechanism for vascular complications.,” Eur J Endocrinol, vol. 182, no. 5, pp. 511–521, May 2020, doi: 

10.1530/EJE-19-0817. 

84. B. González, G. Vargas, A. L. E. de Los Monteros, V. Mendoza, and M. Mercado, “Persistence of Diabetes 

and Hypertension After Multimodal Treatment of Acromegaly.,” J Clin Endocrinol Metab, vol. 103, no. 6, 

pp. 2369–2375, Jun. 2018, doi: 10.1210/jc.2018-00325. 

85. Y. Kinoshita et al., “Impaired glucose metabolism in Japanese patients with acromegaly is restored after 

successful pituitary surgery if pancreatic {beta}-cell function is preserved.,” Eur J Endocrinol, vol. 164, no. 4, 

pp. 467–73, Apr. 2011, doi: 10.1530/EJE-10-1096. 

86. M. Tzanela et al., “Glucose homeostasis in patients with acromegaly treated with surgery or somatostatin 

analogues.,” Clin Endocrinol (Oxf), vol. 75, no. 1, pp. 96–102, Jul. 2011, doi: 10.1111/j.1365-2265.2011.03996.x. 

87. A. Colao, R. S. Auriemma, M. Galdiero, G. Lombardi, and R. Pivonello, “Effects of initial therapy for five 

years with somatostatin analogs for acromegaly on growth hormone and insulin-like growth factor-I levels, 

tumor shrinkage, and cardiovascular disease: a prospective study.,” J Clin Endocrinol Metab, vol. 94, no. 10, 

pp. 3746–56, Oct. 2009, doi: 10.1210/jc.2009-0941. 

88. A. Cozzolino et al., “Somatostatin Analogs and Glucose Metabolism in Acromegaly: A Meta-analysis of 

Prospective Interventional Studies.,” J Clin Endocrinol Metab, Mar. 2018, doi: 10.1210/jc.2017-02566. 

89. M. R. Gadelha et al., “Pasireotide versus continued treatment with octreotide or lanreotide in patients with 

inadequately controlled acromegaly (PAOLA): a randomised, phase 3 trial.,” Lancet Diabetes Endocrinol, vol. 

2, no. 11, pp. 875–84, Nov. 2014, doi: 10.1016/S2213-8587(14)70169-X. 

90. A. J. van der Lely et al., “Long-term treatment of acromegaly with pegvisomant, a growth hormone receptor 

antagonist.,” Lancet, vol. 358, no. 9295, pp. 1754–9, Nov. 2001, doi: 10.1016/s0140-6736(01)06844-1. 

91. J. O. L. Jørgensen et al., “Cotreatment of acromegaly with a somatostatin analog and a growth hormone 

receptor antagonist.,” J Clin Endocrinol Metab, vol. 90, no. 10, pp. 5627–31, Oct. 2005, doi: 10.1210/jc.2005-

0531. 

92. C. L. Ronchi et al., “Comparison between six-year therapy with long-acting somatostatin analogs and 

successful surgery in acromegaly: effects on cardiovascular risk factors.,” J Clin Endocrinol Metab, vol. 91, 

no. 1, pp. 121–8, Jan. 2006, doi: 10.1210/jc.2005-1704. 

93. C. Briet et al., “Changes in metabolic parameters and cardiovascular risk factors after therapeutic control of 

acromegaly vary with the treatment modality. Data from the Bicêtre cohort, and review of the literature.,” 

Endocrine, vol. 63, no. 2, pp. 348–360, Feb. 2019, doi: 10.1007/s12020-018-1797-8. 

94. R. Pivonello et al., “Complications of acromegaly: cardiovascular, respiratory and metabolic 

comorbidities.,” Pituitary, vol. 20, no. 1, pp. 46–62, Feb. 2017, doi: 10.1007/s11102-017-0797-7. 

95. P. Kamenicky et al., “Body fluid expansion in acromegaly is related to enhanced epithelial sodium channel 

(ENaC) activity.,” J Clin Endocrinol Metab, vol. 96, no. 7, pp. 2127–35, Jul. 2011, doi: 10.1210/jc.2011-0078. 

96. J. D. J. Thomas et al., “Renin-Angiotensin System Blockade Improves Cardiac Indices in Acromegaly 

Patients.,” Exp Clin Endocrinol Diabetes, vol. 125, no. 6, pp. 365–367, Jun. 2017, doi: 10.1055/s-0042-123710. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2024                   doi:10.20944/preprints202405.0588.v1

https://doi.org/10.20944/preprints202405.0588.v1


 18 

 

97. M. Yaron et al., “Arterial properties in acromegaly: relation to disease activity and associated cardiovascular 

risk factors.,” Pituitary, vol. 19, no. 3, pp. 322–31, Jun. 2016, doi: 10.1007/s11102-016-0710-9. 

98. A. Colao, P. Marzullo, and G. Lombardi, “Effect of a six-month treatment with lanreotide on cardiovascular 

risk factors and arterial intima-media thickness in patients with acromegaly.,” Eur J Endocrinol, vol. 146, no. 

3, pp. 303–9, Mar. 2002, doi: 10.1530/eje.0.1460303. 

99. M. C. de Martino et al., “The treatment with growth hormone receptor antagonist in acromegaly: effect on 

vascular structure and function in patients resistant to somatostatin analogues.,” J Endocrinol Invest, vol. 33, 

no. 9, pp. 663–70, Oct. 2010, doi: 10.1007/BF03346667. 

100. G. Minniti et al., “Marked improvement in cardiovascular function after successful transsphenoidal surgery 

in acromegalic patients.,” Clin Endocrinol (Oxf), vol. 55, no. 3, pp. 307–13, Sep. 2001, doi: 10.1046/j.1365-

2265.2001.01343.x. 

101. F. Bogazzi et al., “Effects of somatostatin analogues on acromegalic cardiomyopathy: results from a 

prospective study using cardiac magnetic resonance.,” J Endocrinol Invest, vol. 33, no. 2, pp. 103–8, Feb. 

2010, doi: 10.1007/BF03346562. 

102. L. de Marinis et al., “The long-term cardiovascular outcome of different GH-lowering treatments in 

acromegaly.,” Pituitary, vol. 11, no. 1, pp. 13–20, 2008, doi: 10.1007/s11102-007-0062-6. 

103. A. Colao et al., “Reversal of acromegalic cardiomyopathy in young but not in middle-aged patients after 12 

months of treatment with the depot long-acting somatostatin analogue octreotide.,” Clin Endocrinol (Oxf), 

vol. 58, no. 2, pp. 169–76, Feb. 2003, doi: 10.1046/j.1365-2265.2003.01689.x. 

104. R. Pivonello et al., “Treatment with growth hormone receptor antagonist in acromegaly: effect on cardiac 

structure and performance.,” J Clin Endocrinol Metab, vol. 92, no. 2, pp. 476–82, Feb. 2007, doi: 

10.1210/jc.2006-1587. 

105. R. S. Auriemma et al., “Effects of long-term combined treatment with somatostatin analogues and 

pegvisomant on cardiac structure and performance in acromegaly,” Endocrine, vol. 55, no. 3, pp. 872–884, 

Mar. 2017, doi: 10.1007/s12020-016-0995-5. 

106. G. Lombardi, A. Colao, P. Marzullo, B. Biondi, E. Palmieri, and S. Fazio, “Improvement of left ventricular 

hypertrophy and arrhythmias after lanreotide-induced GH and IGF-I decrease in acromegaly. A 

prospective multi-center study,” J Endocrinol Invest, vol. 25, no. 11, pp. 971–976, Dec. 2002, doi: 

10.1007/BF03344070. 

107. A. Breitschaft et al., “Effects of subcutaneous pasireotide on cardiac repolarization in healthy volunteers: A 

single-center, phase I, randomized, four-way crossover study,” The Journal of Clinical Pharmacology, vol. 54, 

no. 1, pp. 75–86, Jan. 2014, doi: 10.1002/jcph.213. 

108. L. Warszawski et al., “Low frequency of cardniac arrhythmias and lack of structural heart disease in 

medically-naïve acromegaly patients: a prospective study at baseline and after 1 year of somatostatin 

analogs treatment,” Pituitary, vol. 19, no. 6, pp. 582–589, Dec. 2016, doi: 10.1007/s11102-016-0749-7. 

109. R. S. Auriemma et al., “Treatment with GH receptor antagonist in acromegaly: effect on cardiac 

arrhythmias,” Eur J Endocrinol, vol. 168, no. 1, pp. 15–22, Jan. 2013, doi: 10.1530/EJE-12-0596. 

110. E. Kuhn et al., “Long-term effects of pegvisomant on comorbidities in patients with acromegaly: a 

retrospective single-center study.,” Eur J Endocrinol, vol. 173, no. 5, pp. 693–702, Nov. 2015, doi: 10.1530/EJE-

15-0500. 

111. L. Maione et al., “No evidence of a detrimental effect of cabergoline therapy on cardiac valves in patients 

with acromegaly.,” J Clin Endocrinol Metab, vol. 97, no. 9, pp. E1714-9, Sep. 2012, doi: 10.1210/jc.2012-1833. 

112. M. Demirpence et al., “MEAN PLATELET VOLUME AND PLATELET FUNCTION ANALYSIS IN 

ACROMEGALIC PATIENTS BEFORE AND AFTER TREATMENT.,” Acta Endocrinol (Buchar), vol. 12, no. 

4, pp. 401–406, 2016, doi: 10.4183/aeb.2016.401. 

113. J. D. Carmichael et al., “Long-term treatment outcomes of acromegaly patients presenting biochemically-

uncontrolled at a tertiary pituitary center,” BMC Endocr Disord, vol. 17, no. 1, p. 49, Dec. 2017, doi: 

10.1186/s12902-017-0199-x. 

114. J. S. Oh et al., “Incidence, mortality, and cardiovascular diseases in pituitary adenoma in Korea: a 

nationwide population-based study,” Pituitary, vol. 24, no. 1, pp. 38–47, Feb. 2021, doi: 10.1007/s11102-020-

01084-6. 

115. K. A. Toulis et al., “Males with prolactinoma are at increased risk of incident cardiovascular disease,” Clin 

Endocrinol (Oxf), vol. 88, no. 1, pp. 71–76, Jan. 2018, doi: 10.1111/cen.13498. 

116. P. Kirsch, J. Kunadia, S. Shah, and N. Agrawal, “Metabolic effects of prolactin and the role of dopamine 

agonists: A review,” Front Endocrinol (Lausanne), vol. 13, Sep. 2022, doi: 10.3389/fendo.2022.1002320. 

117. F. al Sabie, Z. Tariq, D. Erickson, and D. Donegan, “Association Between Prolactinoma and Body Mass 

Index,” Endocrine Practice, vol. 27, no. 4, pp. 312–317, Apr. 2021, doi: 10.1016/j.eprac.2020.09.001. 

118. A. S. Posawetz et al., “Adverse body composition and lipid parameters in patients with prolactinoma: a 

case-control study,” BMC Endocr Disord, vol. 21, no. 1, p. 81, Dec. 2021, doi: 10.1186/s12902-021-00733-6. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2024                   doi:10.20944/preprints202405.0588.v1

https://doi.org/10.20944/preprints202405.0588.v1


 19 

 

119. Y. Greenman, K. Tordjman, and N. Stern, “Increased body weight associated with prolactin secreting 

pituitary adenomas: weight loss with normalization of prolactin levels,” Clin Endocrinol (Oxf), vol. 48, no. 

5, pp. 547–553, May 1998, doi: 10.1046/j.1365-2265.1998.00403.x. 

120. K. Berinder, T. Nyström, C. Höybye, K. Hall, and A.-L. Hulting, “Insulin sensitivity and lipid profile in 

prolactinoma patients before and after normalization of prolactin by dopamine agonist therapy,” Pituitary, 

vol. 14, no. 3, pp. 199–207, Sep. 2011, doi: 10.1007/s11102-010-0277-9. 

121. G. Khalil, F. A. Khan, Q. M. Jamal, A. Saleem, H. Masroor, and K. Abbas, “Change in Insulin Sensitivity 

and Lipid Profile After Dopamine Agonist Therapy in Patients With Prolactinoma,” Cureus, Sep. 2021, doi: 

10.7759/cureus.17824. 

122. S. S. Inancli et al., “Effect of cabergoline on insulin sensitivity, inflammation, and carotid intima media 

thickness in patients with prolactinoma,” Endocrine, vol. 44, no. 1, pp. 193–199, Aug. 2013, doi: 

10.1007/s12020-012-9857-y. 

123. L. Andereggen et al., “Impact of primary medical or surgical therapy on prolactinoma patients’ BMI and 

metabolic profile over the long-term,” J Clin Transl Endocrinol, vol. 24, p. 100258, Mar. 2021, doi: 

10.1016/j.jcte.2021.100258. 

124. F. C. Howarth et al., “Effects of prolactin on ventricular myocyte shortening and calcium transport in the 

streptozotocin-induced diabetic rat,” Heliyon, vol. 6, no. 4, p. e03797, Apr. 2020, doi: 

10.1016/j.heliyon.2020.e03797. 

125. M. Karmazyn, M. J. Daly, M. P. Moffat, and N. S. Dhalla, “A possible mechanism of inotropic action of 

prolactin on rat heart,” American Journal of Physiology-Endocrinology and Metabolism, vol. 243, no. 6, pp. E458–

E463, Dec. 1982, doi: 10.1152/ajpendo.1982.243.6.E458. 

126. M. Arcopinto et al., “Early Left Ventricular Diastolic Dysfunction in Females with Chronic 

Hyperprolactinemia: A Doppler Echocardiographic Study,” J Clin Med, vol. 12, no. 4, p. 1658, Feb. 2023, 

doi: 10.3390/jcm12041658. 

127. D. Yazici, M. Sunbul, M. Yasar, O. Deyneli, and D. Yavuz, “Is there an increased cardiovascular risk in 

patients with prolactinoma? A challenging question,” Journal of Clinical Ultrasound, vol. 49, no. 8, pp. 870–

877, Oct. 2021, doi: 10.1002/jcu.23030. 

128. X.-B. Jiang et al., “Increased carotid intima media thickness is associated with prolactin levels in subjects 

with untreated prolactinoma: a pilot study,” Pituitary, vol. 17, no. 3, pp. 232–239, Jun. 2014, doi: 

10.1007/s11102-013-0495-z. 

129. R. S. Auriemma et al., “Safety of long-term treatment with cabergoline on cardiac valve disease in patients 

with prolactinomas,” Eur J Endocrinol, vol. 169, no. 3, pp. 359–366, Sep. 2013, doi: 10.1530/EJE-13-0231. 

130. S. M. C. De Sousa et al., “Impulse Control Disorders in Dopamine Agonist-Treated Hyperprolactinemia: 

Prevalence and Risk Factors,” J Clin Endocrinol Metab, vol. 105, no. 3, pp. e108–e118, Mar. 2020, doi: 

10.1210/clinem/dgz076. 

131. T. Rosén and B.-Å. Bengtsson, “Premature mortality due to cardiovascular disease in hypopituitarism,” 

The Lancet, vol. 336, no. 8710, pp. 285–288, Aug. 1990, doi: 10.1016/0140-6736(90)91812-O. 

132. B. Bülow, L. Hagmar, J. Eskilsson, and E. M. Erfurth, “Hypopituitary Females Have a High Incidence of 

Cardiovascular Morbidity and an Increased Prevalence of Cardiovascular Risk Factors 1,” J Clin Endocrinol 

Metab, vol. 85, no. 2, pp. 574–584, Feb. 2000, doi: 10.1210/jcem.85.2.6346. 

133. K. Stochholm et al., “Mortality and GH deficiency: a nationwide study,” Eur J Endocrinol, vol. 157, no. 1, pp. 

9–18, Jul. 2007, doi: 10.1530/EJE-07-0013. 

134. J. Tomlinson et al., “Association between premature mortality and hypopituitarism,” The Lancet, vol. 357, 

no. 9254, pp. 425–431, Feb. 2001, doi: 10.1016/S0140-6736(00)04006-X. 

135. M. Sherlock et al., “Mortality in Patients with Pituitary Disease,” Endocr Rev, vol. 31, no. 3, pp. 301–342, Jun. 

2010, doi: 10.1210/er.2009-0033. 

136. S. A. Beshyah and D. G. Johnston, “Cardiovascular disease and risk factors in adults with hypopituitarism,” 

Clin Endocrinol (Oxf), vol. 50, no. 1, pp. 1–15, Jan. 1999, doi: 10.1046/j.1365-2265.1999.00682.x. 

137. D. E. Henley and S. L. Lightman, “Cardio-metabolic consequences of glucocorticoid replacement: relevance 

of ultradian signalling,” Clin Endocrinol (Oxf), vol. 80, no. 5, pp. 621–628, May 2014, doi: 10.1111/cen.12422. 

138. G. Johannsson and O. Ragnarsson, “Cardiovascular and Metabolic Impact of Glucocorticoid Replacement 

Therapy,” 2014, pp. 33–44. doi: 10.1159/000360556. 

139. C. R. P. Oliveira et al., “Insulin Sensitivity and β-Cell Function in Adults with Lifetime, Untreated Isolated 

Growth Hormone Deficiency,” J Clin Endocrinol Metab, vol. 97, no. 3, pp. 1013–1019, Mar. 2012, doi: 

10.1210/jc.2011-2590. 

140. D. Miljić and V. Popovic, “Metabolic Syndrome in Hypopituitarism,” 2018, pp. 1–19. doi: 

10.1159/000485997. 

141. A. A. van der Klaauw et al., “The prevalence of the metabolic syndrome is increased in patients with GH 

deficiency, irrespective of long-term substitution with recombinant human GH,” Eur J Endocrinol, vol. 156, 

no. 4, pp. 455–462, Apr. 2007, doi: 10.1530/EJE-06-0699. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2024                   doi:10.20944/preprints202405.0588.v1

https://doi.org/10.20944/preprints202405.0588.v1


 20 

 

142. A. F. Attanasio et al., “Prevalence of Metabolic Syndrome in Adult Hypopituitary Growth Hormone (GH)-

Deficient Patients Before and After GH Replacement,” J Clin Endocrinol Metab, vol. 95, no. 1, pp. 74–81, Jan. 

2010, doi: 10.1210/jc.2009-1326. 

143. C. Gazzaruso, M. Gola, I. Karamouzis, R. Giubbini, and A. Giustina, “Cardiovascular Risk in Adult Patients 

With Growth Hormone (GH) Deficiency and Following Substitution With GH—An Update,” J Clin 

Endocrinol Metab, vol. 99, no. 1, pp. 18–29, Jan. 2014, doi: 10.1210/jc.2013-2394. 

144. D. González-Duarte, A. Madrazo-Atutxa, A. Soto-Moreno, and A. Leal-Cerro, “Measurement of oxidative 

stress and endothelial dysfunction in patients with hypopituitarism and severe deficiency adult growth 

hormone deficiency,” Pituitary, vol. 15, no. 4, pp. 589–597, Dec. 2012, doi: 10.1007/s11102-011-0374-4. 

145. J. D. J. Thomas et al., “Characterisation of myocardial structure and function in adult-onset growth hormone 

deficiency using cardiac magnetic resonance,” Endocrine, vol. 54, no. 3, pp. 778–787, Dec. 2016, doi: 

10.1007/s12020-016-1067-6. 

146. V. Markussis, S. A. Beshyah, D. G. Johnston, C. Fisher, A. N. Nicolaides, and P. Sharp, “Detection of 

premature atherosclerosis by high-resolution ultrasonography in symptom-free hypopituitary adults,” The 

Lancet, vol. 340, no. 8829, pp. 1188–1192, Nov. 1992, doi: 10.1016/0140-6736(92)92892-J. 

147. V. Markussis, S. A. Beshyah, C. Fisher, K. H. Parker, A. N. Nicolaides, and D. G. Johnston, “Abnormal 

carotid arterial wall dynamics in symptom-free hypopituitary adults,” Eur J Endocrinol, vol. 136, no. 2, pp. 

157–164, Feb. 1997, doi: 10.1530/eje.0.1360157. 

148. J. M. Gomez et al., “Peripheral fibrinolytic markers, soluble adhesion molecules, inflammatory cytokines 

and endothelial function in hypopituitary adults with growth hormone deficiency,” Clin Endocrinol (Oxf), 

vol. 64, no. 6, pp. 632–639, Jun. 2006, doi: 10.1111/j.1365-2265.2006.02518.x. 

149. T. A. Elhadd et al., “Biochemical and Biophysical Markers of Endothelial Dysfunction in Adults with 

Hypopituitarism and Severe GH Deficiency,” J Clin Endocrinol Metab, vol. 86, no. 9, pp. 4223–4232, Sep. 

2001, doi: 10.1210/jcem.86.9.7813. 

150. F. Bioletto et al., “MRI Assessment of Cardiac Function and Morphology in Adult Patients With Growth 

Hormone Deficiency: A Systematic Review and Meta-Analysis,” Front Endocrinol (Lausanne), vol. 13, Jun. 

2022, doi: 10.3389/fendo.2022.910575. 

151. S. Zhang et al., “Cardiovascular effects of growth hormone (GH) treatment on GH-deficient adults: a meta-

analysis update.,” Pituitary, vol. 23, no. 4, pp. 467–475, Aug. 2020, doi: 10.1007/s11102-020-01036-0. 

152. R. Fraser, M. C. Ingram, N. H. Anderson, C. Morrison, E. Davies, and J. M. C. Connell, “Cortisol Effects on 

Body Mass, Blood Pressure, and Cholesterol in the General Population,” Hypertension, vol. 33, no. 6, pp. 

1364–1368, Jun. 1999, doi: 10.1161/01.HYP.33.6.1364. 

153. V. Gasco et al., “Benefits of dual-release hydrocortisone treatment on central adiposity and health-related 

quality of life in secondary adrenal insufficiency,” J Endocrinol Invest, Oct. 2022, doi: 10.1007/s40618-022-

01940-1. 

154. C. Graziadio, V. Hasenmajer, M. A. Venneri, D. Gianfrilli, A. M. Isidori, and E. Sbardella, “Glycometabolic 

Alterations in Secondary Adrenal Insufficiency: Does Replacement Therapy Play a Role?,” Front Endocrinol 

(Lausanne), vol. 9, p. 434, 2018, doi: 10.3389/fendo.2018.00434. 

155. I. L. Ross et al., “Cardiovascular Risk Factors in Patients with Addison’s Disease: A Comparative Study of 

South African and Swedish Patients,” PLoS One, vol. 9, no. 3, p. e90768, Mar. 2014, doi: 

10.1371/journal.pone.0090768. 

156. B. R. Walker, “Glucocorticoids and Cardiovascular Disease,” Eur J Endocrinol, vol. 157, no. 5, pp. 545–559, 

Nov. 2007, doi: 10.1530/EJE-07-0455. 

157. A. M. Isidori, M. Minnetti, E. Sbardella, C. Graziadio, and A. B. Grossman, “MECHANISMS IN 

ENDOCRINOLOGY: The spectrum of haemostatic abnormalities in glucocorticoid excess and defect,” Eur 

J Endocrinol, vol. 173, no. 3, pp. R101–R113, Sep. 2015, doi: 10.1530/EJE-15-0308. 

158. G. Huang et al., “Long-Term Testosterone Administration on Insulin Sensitivity in Older Men With Low 

or Low-Normal Testosterone Levels,” J Clin Endocrinol Metab, vol. 103, no. 4, pp. 1678–1685, Apr. 2018, doi: 

10.1210/jc.2017-02545. 

159. J. S. Brand, I. van der Tweel, D. E. Grobbee, M. H. Emmelot-Vonk, and Y. T. van der Schouw, “Testosterone, 

sex hormone-binding globulin and the metabolic syndrome: a systematic review and meta-analysis of 

observational studies,” Int J Epidemiol, vol. 40, no. 1, pp. 189–207, Feb. 2011, doi: 10.1093/ije/dyq158. 

160. J. I. Mäkinen et al., “Endogenous testosterone and serum lipids in middle-aged men.,” Atherosclerosis, vol. 

197, no. 2, pp. 688–93, Apr. 2008, doi: 10.1016/j.atherosclerosis.2007.05.009. 

161. B. A. P. Phan and P. P. Toth, “Dyslipidemia in women: etiology and management.,” Int J Womens Health, 

vol. 6, pp. 185–94, 2014, doi: 10.2147/IJWH.S38133. 

162. E. Di Lodovico et al., “Testosterone, Hypogonadism, and Heart Failure,” Circ Heart Fail, vol. 15, no. 7, Jul. 

2022, doi: 10.1161/CIRCHEARTFAILURE.121.008755. 

163. B. Gencer and F. Mach, “Testosterone: a hormone preventing cardiovascular disease or a therapy increasing 

cardiovascular events?,” Eur Heart J, vol. 37, no. 48, pp. 3569–3575, Dec. 2016, doi: 10.1093/eurheartj/ehv439. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2024                   doi:10.20944/preprints202405.0588.v1

https://doi.org/10.20944/preprints202405.0588.v1


 21 

 

164. J. S. da Silva, T. L. Montagnoli, M. P. L. de Sá, and G. Zapata-Sudo, “Heart Failure in Menopause: Treatment 

and New Approaches,” Int J Mol Sci, vol. 23, no. 23, p. 15140, Dec. 2022, doi: 10.3390/ijms232315140. 

165. R. Mullur, Y.-Y. Liu, and G. A. Brent, “Thyroid Hormone Regulation of Metabolism,” Physiol Rev, vol. 94, 

no. 2, pp. 355–382, Apr. 2014, doi: 10.1152/physrev.00030.2013. 

166. B. Biondi, G. J. Kahaly, and R. P. Robertson, “Thyroid Dysfunction and Diabetes Mellitus: Two Closely 

Associated Disorders.,” Endocr Rev, vol. 40, no. 3, pp. 789–824, Jun. 2019, doi: 10.1210/er.2018-00163. 

167. O. H. Roa Dueñas et al., “Thyroid Function and the Risk of Prediabetes and Type 2 Diabetes,” J Clin 

Endocrinol Metab, vol. 107, no. 6, pp. 1789–1798, May 2022, doi: 10.1210/clinem/dgac006. 

168. M. H. Schernthaner-Reiter, P. Wolf, G. Vila, and A. Luger, “The Interaction of Insulin and Pituitary 

Hormone Syndromes,” Front Endocrinol (Lausanne), vol. 12, Apr. 2021, doi: 10.3389/fendo.2021.626427. 

169. I. J. Goldberg et al., “Thyroid Hormone Reduces Cholesterol via a Non-LDL Receptor-Mediated Pathway,” 

Endocrinology, vol. 153, no. 11, pp. 5143–5149, Nov. 2012, doi: 10.1210/en.2012-1572. 

170. T. Ichiki, “Thyroid Hormone and Vascular Remodeling.,” J Atheroscler Thromb, vol. 23, no. 3, pp. 266–75, 

2016, doi: 10.5551/jat.32755. 

171. M. Udovcic, R. H. Pena, B. Patham, L. Tabatabai, and A. Kansara, “Hypothyroidism and the Heart,” 

Methodist Debakey Cardiovasc J, vol. 13, no. 2, p. 55, Apr. 2017, doi: 10.14797/mdcj-13-2-55. 

172. J. C. Watso and W. B. Farquhar, “Hydration Status and Cardiovascular Function,” Nutrients, vol. 11, no. 8, 

p. 1866, Aug. 2019, doi: 10.3390/nu11081866. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2024                   doi:10.20944/preprints202405.0588.v1

https://doi.org/10.20944/preprints202405.0588.v1

