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Abstract 1 

Objective: This study aimed to assess the cardiovascular burden in patients with functioning pituitary 2 

tumours. 3 

Methods: Retrospective analysis of 257 patients with functioning pituitary tumours (137 acromegaly, 4 

94 Cushing's disease, 26 prolactinoma) who underwent surgery. Cardiovascular events, tumour 5 

characteristics, age at diagnosis, and tumour activity status were evaluated. We also evaluated the 6 

relationship between the achievement of remission after surgery and the use of hormonal control 7 

therapy with cardiovascular events. 8 

Results: Cerebrovascular and cardiovascular disease occurred in 10.9%, 8.5%, and 3.8% of patients 9 

with acromegaly, Cushing's disease and prolactinoma, respectively. Significant differences were found 10 

in the prevalence of diabetes/pre-diabetes (p=0.008) and hypertension (p=0.045) among tumour types 11 

– higher in patients with acromegaly and Cushing’s disease and lower in patients with prolactinomas. 12 

Dyslipidaemia was highly prevalent across all groups. In acromegaly, patients diagnosed after 50 years 13 

had higher rates of diabetes, cerebrovascular and cardiovascular disease and hypertension. Cushing's 14 

disease patients diagnosed after 50 years had significantly higher rates of hypertension and 15 

dyslipidaemia. Disease duration and tumour control status showed no correlation with cardiovascular 16 

outcomes. Patients with Cushing's disease who did not achieve remission postoperatively had more 17 

cardiovascular and cerebrovascular events (p=0.002). 18 

Conclusion: Patients with functioning pituitary tumours demonstrate a high cardiovascular burden 19 

even after tumour control. The impact varies among tumour types. In patients with Cushing's disease, 20 

remission in the immediate postoperative period is associated with fewer cardiovascular and 21 

cerebrovascular events. These findings highlight the need for long-term cardiovascular monitoring and 22 

management in these patients, regardless of tumour control status. 23 

24 
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Introduction 25 

Pituitary tumours are neoplasms originating from the cells of the adenohypophysis, the anterior 26 

portion of the pituitary gland. They can be classified into two categories, functioning and non-27 

functioning, based on the presence or absence of secretory function and according to the type of 28 

hormones secreted [1]. Among the different types, lactotroph tumours (53 % of pituitary tumours), 29 

somatotroph tumours (12%) and corticotroph tumours (4%) stand out [2]. 30 

Although histologically benign, functional tumours are associated with high morbidity, for several 31 

reasons: their anatomical location and consequent proximity to critical neurovascular structures due 32 

to the hypersecretion or hormonal deficiencies, from the compressive effects of the tumour or by 33 

complications of surgery or radiotherapy [3]. Despite the often-florid clinical picture, the diagnosis 34 

delay is still frequent in patients with functioning pituitary tumours, i.e., 5.5 years for acromegaly and 35 

~3 years for patients with hypercortisolism, and this is associated with increased morbidity and 36 

mortality [4, 5]. 37 

In addition to diagnostic delay, several other factors may impact the cardiovascular health of patients 38 

with pituitary tumours, such as hormonal hypersecretion, hormonal failures, and radiotherapy [6-9]. 39 

Patients with acromegaly, in addition to a high prevalence of cardiovascular risk factors, have a specific 40 

type of cardiomyopathy, characterised by biventricular hypertrophy, left ventricular systolic and 41 

diastolic dysfunction, valvular insufficiency, aortic root dilatation, and arrhythmias [10]. In patients 42 

with Cushing's disease, the prevalence of metabolic syndrome is prominent and carotid intima-media 43 

thickness is increased. A common consequence of these two types of abnormalities is the incidence of 44 

cerebrovascular events, which has already been reported in previous studies [11]. Prolactinomas are 45 

associated with obesity, dysregulation of glucose and lipid metabolism as well as endothelial 46 

dysfunction [12, 13, 8]. 47 

Current management strategies primarily focus on achieving tumour and biochemical control through 48 

surgery and/or medical therapy, but it is unclear whether achieving hormonal remission consistently 49 

translates into a reduction in cardiovascular risk. Moreover, variability in treatment response suggests 50 

that additional clinical markers may be needed to identify patients at higher risk of persistent 51 

cardiovascular complications, even after disease control. 52 

In this study, we aim to evaluate the cardiovascular burden associated with functioning pituitary 53 

tumours by assessing clinical outcomes and treatment strategies in a retrospective cohort of 257 54 

patients who underwent surgery.  55 
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Methods 56 

This study employed a retrospective design to assess the cardiovascular burden in patients with 57 

functioning pituitary tumours. We conducted a comprehensive review of medical records from 58 

Coimbra Local Health Unit for patients diagnosed with functioning pituitary tumours between 59 

14/07/1986 and 09/01/2024. Informed consent was obtained from individuals using protocols 60 

approved by local research ethics committees (OBS.SF.165/2021). All patient data were anonymised 61 

to ensure confidentiality. Inclusion criteria encompassed adult patients (≥18 years) with a confirmed 62 

diagnosis of functioning pituitary tumour who have undergone surgery, including prolactinomas, 63 

acromegaly, and Cushing’s disease. Exclusion criteria included patients <18 years, with non-functioning 64 

pituitary tumours, who have not undergone surgery or had incomplete medical records. 65 

Data collection was done by extracting the relevant information from electronic medical records, 66 

including demographic characteristics, tumour type and size, endocrine function tests, cardiovascular 67 

risk factors, and cardiovascular outcomes. Specifically, we collected data on age, sex, lipid profile, 68 

duration of the disease since diagnosis, number of surgeries performed, achievement of remission in 69 

the immediate post-operative period, completion of medical therapy in the postoperative period, 70 

number of surgeries performed, completion of radiotherapy, tumour control status, insufficiencies at 71 

diagnosis and in the immediate post-operative period and whether they were under medical therapy 72 

at the time of the last medical record available. Cardiovascular outcomes of interest included 73 

hypertension, dyslipidaemia, diabetes mellitus, coronary artery disease, heart failure, cardiac 74 

arrhythmia, valvular disease and cerebrovascular events. Besides assessing each individual, we also 75 

analysed them by groups: i) (patients with cardiovascular-cerebrovascular pathology (CVD -CV), which 76 

includes the cardiovascular events analysed (arrhythmia, coronary heart disease, heart failure, valvular 77 

heart disease and strokes and transient ischaemic strokes), ii) patients with just cardiovascular 78 

pathology (CVD) (which includes only arrhythmia, coronary heart disease, heart failure, valvular heart 79 

disease), iii) patients with just as cerebrovascular pathology, (CV) which includes only strokes and 80 

transient ischaemic strokes). 81 

Endocrine function was assessed through hormone measurements specific to each tumour type. For 82 

prolactinomas, serum prolactin levels were recorded. In cases of GH-secreting tumours, we 83 

documented GH and insulin-like growth factor 1 (IGF-1) levels. For ACTH-secreting tumours, we noted 84 

serum cortisol and ACTH levels, as well as results from dexamethasone suppression tests and urinary-85 

free cortisol where available. Cardiovascular assessment included echocardiographic data, 86 

electrocardiogram findings, and results from any additional cardiovascular imaging studies (e.g., 87 

coronary angiography, cardiac MRI) were recorded where available. Treatment modalities, including 88 
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medical therapy, surgery, and radiotherapy, were documented along with their timing relative to 89 

cardiovascular outcomes. 90 

Statistical analysis was performed using SPSS Statistics version 30. Descriptive statistics were used to 91 

summarise patient characteristics and cardiovascular outcomes. Continuous variables were expressed 92 

as means ± standard deviations or medians with interquartile ranges, depending on the distribution. 93 

Categorical variables were presented as frequencies and percentages. Comparisons between tumour 94 

types were made using appropriate statistical tests (e.g., chi-square test for categorical variables, t-95 

test or Mann–Whitney for continuous variables). All tests were one-sided, and a p-value <0.05 was 96 

considered statistically significant.  97 
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Results 98 

Basal characteristics of the sample 99 

A total of 257 functional pituitary tumours that underwent surgery (137 cases of acromegaly, 94 cases 100 

of Cushing's disease and 26 cases of prolactinoma) were analysed, including 181 women (average age 101 

of 59.7 ± 14.6 years) and 76 men (average age of 56.9 ± 14.3 years). Of the female study population, 102 

90 had acromegaly (65.7% of all acromegaly patients analysed), 79 had Cushing's disease (84% of all 103 

Cushing's disease patients analysed), and 12 had prolactinoma (46.2% of all prolactinoma patients 104 

analysed). Of the male study population, 47 had acromegaly (34.3% of all acromegaly patients 105 

analysed), 15 had Cushing's disease (16% of all Cushing's disease patients analysed), and 14 had 106 

prolactinoma (53.8% of all prolactinoma patients analysed). We also characterised for age at diagnosis 107 

for each tumour subtype (45.3 ± 13.7 for acromegalia; 41.9 ± 14.0 for Cushing disease and 41.4 ± 14.2 108 

for prolactinoma), duration of disease (normality was assessed by the Shapiro-Wilk and Kolmogorov-109 

Smirnov test, which showed differences between groups, so the non-parametric test, Kruskal-Wallis, 110 

was used for analysis by tumour subtype), which revealed a median duration of 12 years (range 1-48 111 

years) for acromegalic patients, 10 years for patients with Cushing's disease (range 2-38 years) and 17 112 

years for prolactinoma (range 6-35 years). We also characterised the presence or absence of medical 113 

therapy for hormonal control, the number of transsphenoidal surgeries, whether they had undergone 114 

radiotherapy, disease control status and for pituitary insufficiencies present at the time of diagnosis 115 

and in the last clinical record, which are depicted in Table 1. 116 

 117 

Cardiovascular burden in patients with functioning pituitary tumours  118 

Regarding the cardiovascular events analysed, there were no statistically significant differences 119 

between the different types of tumours and CVD (p= 0.600), nor for CV pathology (p=0.556), as shown 120 

in Table 2. For CVD-CV pathology, the results were 10.9%, 8.5% and 3.8% respectively. In the 121 

assessment of diabetes/pre-diabetes (38.7% of acromegalic patients, 30.9% of patients with Cushing's 122 

disease and 7.7% of patients with prolactinoma), there were statistically significant differences 123 

(p=0.008), as for hypertension (50.7% of acromegalic patients, 48.9% of patients with Cushing's disease 124 

and 24% of patients with prolactinoma), (p=0.045). Although the differences were not statistically 125 

significant, the prevalence of dyslipidaemia was high in all tumour types (58.1% in patients with 126 

acromegaly, 54.3% in patients with Cushing's disease and 65.4% in patients with prolactinoma).  127 

For each subtype of tumour, we assessed the relationship between cardiovascular events and years of 128 

disease duration, divided into subgroups (<5 years duration, 5-10 years, 10-15 years, 15-20 years, >20 129 
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years , as well as for age above and below the cut-off point (<5/>5 years, <10/>10 years; <15/>15; 130 

<20/>20 years), tumour activity status (in remission, controlled with medical therapy/radiotherapy, 131 

not controlled despite medical therapy/radiotherapy), age at diagnosis before or after 50 years, post-132 

operative remission and use of post-operative medical therapy. This data can be found in the 133 

supplementary tables 1-25. 134 

 135 

Cardiovascular burden in patients with acromegaly 136 

When cardiovascular events were analysed and compared with age at diagnosis before and after the 137 

age of 50 for patients with acromegaly, there was a higher prevalence of diabetes (53.7% in patients 138 

diagnosed after the age of 50, 25.7% in patients under the age of 50, p=0.003), cerebrovascular and 139 

cardiovascular pathology (17.1% in patients diagnosed after the age of 50 and 5.4% in patients under 140 

the age of 50, p=0.042) and arterial hypertension (36,1% in patients diagnosed under the age of 50, 141 

65,9% in patients after the age of 50, p=0.002). For the CVD pathology analysed, there were 3 events 142 

before the age of 50 (4.1%) and 5 after the age of 50 (12.2%), p-value = 0.100).  143 

When comparing cardiovascular events with tumour activity status (in remission, controlled with 144 

medical therapy/radiotherapy, uncontrolled disease medical therapy/radiotherapy), significant 145 

differences were only observed for dyslipidaemia (79.5% in patients with controlled disease, 49.1% in 146 

patients in remission and 43.5% of patients with uncontrolled disease, p=0.004). For the 147 

cerebrovascular and cardiovascular pathology analysed, there were 6 events in patients in remission 148 

(12.9%), 6 events in patients with disease controlled with medical therapy/radiotherapy (14%) and no 149 

events in patients with uncontrolled disease (p=0.164).  150 

Regarding the analysis of disease duration, for all the stratified groups, no statistical differences were 151 

found. For cardiovascular and cerebrovascular pathology, there was 1 event in the group with <5 years 152 

of disease, 3 events in the group with 5-10 years of disease, 2 events in the group with 10-15 years of 153 

disease, 2 events in the group with 15-20 years of disease and 5 events in the group with more than 154 

20 years of disease (p= 0.936).  155 

Analysing for age above and below the cut-off point, statistically significant differences were found for 156 

the duration of illness for more than 15 years for ischaemic heart disease, 3 events after 15 years of 157 

disease and 0 events with less than 15 years of disease (p=0.048).  158 
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When assessing the achievement of biochemical remission after surgery and the use of medical 159 

therapy in the immediate post-op period, there were no significant differences for any of the outcomes 160 

analysed 161 

 162 

Cardiovascular burden in patients with Cushing’s disease 163 

In patients with Cushing's disease, whose diagnosis was made after 50 years of age, differences with 164 

statistical significance were disclosed for arterial hypertension (92.3% in patients diagnosed after 50 165 

years of age, 34.3% in patients diagnosed under the age of 50, p<0.001) and dyslipidaemia (84.6% in 166 

patients diagnosed after 50 years of age, 51.4% in patients diagnosed under the age of 50).  167 

When comparing cardiovascular events with tumour activity status (in remission, controlled with 168 

medical therapy/radiotherapy), there were no significant differences between groups for any of the 169 

outcomes assessed.  170 

Regarding the analysis of disease duration, for all the stratified groups, no differences were found.  171 

Analysing for age above and below the cut-off point, statistically significant differences were found for 172 

ischaemic heart disease, with patients with the disease for less than 5 years having more events than 173 

those with the disease for more than 5 years (20.0% and 1.7%, respectively, 1 event in the group with 174 

less than 5 years of disease, 1 event in the group with more than 5 years of disease) (p= 0.023). 175 

When we assessed the achievement of biochemical remission after surgery, shown in Table 5,  there 176 

were statistically significant differences for cardiovascular events, specifically for ischaemic heart 177 

disease (3 events in the group that did not achieve remission and 0 events in the group that achieved 178 

remission, p-value = 0.019) and for cerebrovascular pathology (3 events in the group that did not 179 

achieve remission, 0 events in the group that achieved remission, p-value = 0.019). 180 

The use of medical therapy in the post-operative period did not translate into significant differences 181 

between all events, as shown in Table 6. 182 

 183 

Cardiovascular burden in patients with prolactinoma  184 

When cardiovascular events were analysed and compared with age at diagnosis before and after the 185 

age of 50, for prolactinoma no differences were found between the groups. For the cardiovascular and 186 
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cerebrovascular pathology analysed, there were 1 event before the age of 50 and 0 events after the 187 

age of 50 (5.9% % of patients under the age of 50, p-value =0.725).  188 

When comparing cardiovascular events with tumour activity status (in remission, controlled with 189 

medical therapy/radiotherapy, there were no significant differences between groups for any of the 190 

outcomes assessed. For the cerebrovascular and cardiovascular pathology analysed, there were 1 191 

event in patients in remission (11.1 % of all patients with disease in remission), 0 events in patients 192 

with disease controlled with medical therapy/radiotherapy and 0 events in patients with uncontrolled 193 

disease (p=0.374).   194 

Regarding the analysis of disease duration, no significant differences were found. For cardiovascular 195 

and cerebrovascular pathology, there were 0 events in the group with 5-10 years of disease, 0 events 196 

in the group with 10-15 years of disease, 0 events in the group with 15-20 years of disease, 1 event in 197 

the group with >20 years of disease (p=0.668).  198 

Analysing for age above and below the cut-off point, statistically significant differences were found for 199 

dyslipidaemia, with patients with more than 10 years of illness presenting more frequently 200 

dyslipidaemia than patients with less than 10 years of disease (15 and 2, respectively, p value=0.037).  201 

When assessing the achievement of biochemical remission after surgery and the use of medical 202 

therapy in the immediate post-op period, there were no significant differences for any of the outcomes 203 

analysed.  204 
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Discussion 205 

Our study is in line with the results of previous studies that have revealed a high prevalence of 206 

cardiovascular events in patients with pituitary tumours. Diabetes/pre-diabetes and hypertension 207 

were more prevalent in patients with Cushing's disease and acromegaly, while dyslipidaemia was more 208 

prevalent in patients with prolactinoma, although these events were ubiquitously present in all three 209 

types of tumours. These differences possibly reflect distinct pathophysiological mechanisms with 210 

different metabolic and cardiovascular impacts, in particular the action of GH in Acromegalia, which 211 

promotes increased resistance to the action of insulin and a decrease in its secretion, as well as 212 

stimulation of fluid retention due to its anti-natriuretic effect, promoting hypertension [14] and the 213 

action of cortisol, which promotes central obesity, dyslipidaemia and hypertension [15]. Prolactin 214 

exerts its effects by acting on the orexigenic-anorexigenic systems, leading to changes in appetite that 215 

increase the risk of obesity and to LDL and low HDL levels in these patients [9]. 216 

The ubiquitous presence of cardiovascular pathology and risk in these patients is not only justified by 217 

their age. In patients with acromegaly, there were statistically significant differences, with a 218 

predominance of diabetes, arterial hypertension and cerebrovascular and cardiovascular pathology 219 

events after 50 years. In the analysis of disease duration, statistically significant differences were only 220 

found for ischaemic heart disease in patients with more than 15 years of disease. However, in the 221 

analysis of disease duration for the different subgroups, it is possible to see a clear progression in the 222 

increase of events as the years of disease activity increase. This suggests that the cardiovascular events 223 

and their consequences in these patients possibly result from a long period of time under the influence 224 

of high GH levels in the tissues [16], which is favoured by the fact that many of these tumours can 225 

manifest with unspecific symptoms and signs, often leading to a delayed time without a definitive 226 

diagnosis, with all the negative impact that this period entails in cardiovascular terms for these patients 227 

and is not clear to what extent and what damage may be reversible with disease control [10], 228 

reinforcing the importance of early diagnosis in reducing the risk of complications. 229 

In patients with Cushing’s disease diagnosed after the age of 50, there were only statistically significant 230 

differences for arterial hypertension and dyslipidaemia, and these results could show much of the role 231 

of aging in terms of cardiovascular risk. Although there were no significant differences, the majority of 232 

cerebrovascular-cardiovascular events occurred in patients under 50 years old. Previous studies have 233 

described the maintenance of atherosclerosis and various clinical and biochemical abnormalities 234 

typical of the active phase of Cushing's disease, such as obesity, hypertension, impaired glucose 235 

tolerance, and hyperlipidaemia 5 years after remission [17]. This alerts us to the possibility of an earlier 236 

manifestation of the cardiovascular consequences of the active phase of the disease in these patients.  237 
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In patients with prolactinoma, there are no differences in the various outcomes in patients diagnosed 238 

before age 50 or later. It was also associated with fewer cardiovascular and cerebrovascular events 239 

when compared with acromegaly and Cushing's disease but, with a predominance of metabolic 240 

alterations such as systemic arterial hypertension dyslipidaemia, atherosclerosis, insulin resistance, 241 

hyperglycaemia, and obesity [8]. 242 

In patients with Cushing's disease who did not achieve remission in the immediate post-operative 243 

period, a cardiovascular or cerebrovascular event occurred in 15.6% of these patients (while there 244 

were no events in the group that went into remission in the immediate post-operative period), which 245 

indicates that achieving biochemical remission in the immediate postoperative period was associated 246 

with a lower risk of cardiovascular and cerebrovascular events in these patients. Although less studied 247 

than in acromegaly, the incidence of cerebrovascular and cardiovascular events in patients with 248 

Cushing’s disease is documented in the literature, despite the fact that in many studies these have 249 

been excluded by the presence of any other form of Cushing syndrome and not only patients with 250 

ACTH-dependent pituitary tumours [11]. This may suggest that the risk of cardiovascular events in 251 

patients with Cushing's disease is particularly increased in the early years of the disease and that more 252 

incisive hormonal control from the post-operative period onwards may have an impact on mitigating 253 

these events. More studies will be needed to confirm this association and to ascertain the benefit of 254 

administering medical hormone suppression therapy in these patients, regardless of their functional 255 

status after surgery. 256 

Another important point that may draw attention to the complex relationship between the control of 257 

cardiovascular events in these patients was the fact that the status of disease activity/control did not 258 

reveal any difference between groups, reflecting that biochemical control of hormone hypersecretion 259 

alone is not enough to decrease the risk of cardiovascular events in these patients. For patients with 260 

acromegaly, the only result with statistical significance revealed contradictory data, showing a 261 

predominance of dyslipidaemia in patients in remission or controlled by medical therapy, which may 262 

reveal poorer cardiovascular control in these patients or an overestimation of the effect of tumour 263 

remission/control in cardiovascular morbidity, reinforcing the need for continued vigilance and control 264 

of risk factors. 265 

Pituitary tumours are rare pathologies, but they can have consequences, particularly in cardiovascular 266 

and metabolic terms, if they go unnoticed. However, as well as being more prompt in identifying these 267 

tumours at an early stage, there is a need for greater vigilance and control of cardiovascular risk factors 268 

in these patients[18]. 269 
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The study demonstrates several strengths, including a large sample size of 257 patients with 270 

functioning pituitary tumours, providing a substantial dataset for analysis. It offers a comprehensive 271 

examination of multiple tumour types (acromegaly, Cushing's disease, and prolactinoma) and various 272 

cardiovascular outcomes, allowing for a broad understanding of the cardiovascular burden. The long-273 

term follow-up, including patients diagnosed between 1986 and 2024, enables the assessment of long-274 

term cardiovascular outcomes. The researchers collected extensive data on patient demographics, 275 

tumour characteristics, treatment modalities, and cardiovascular risk factors, providing detailed 276 

patient characteristics. However, the study also has limitations. Its retrospective design may be subject 277 

to selection bias and incomplete data, e.g., lack of a prospective protocol to evaluate the 278 

cardiovascular system in these patients. As a single-centre study, the data's generalisability to other 279 

populations or healthcare settings may be limited. The uneven distribution of tumour types (137 280 

acromegaly cases, 94 Cushing's disease cases, but only 26 prolactinoma cases) may affect the statistical 281 

power for comparisons between tumour types. The lack of a healthy control group makes it difficult to 282 

determine the excess cardiovascular risk attributable to pituitary tumours. The study may not have 283 

accounted for all potential confounding factors that could influence cardiovascular outcomes. While it 284 

examined post-operative remission and medical therapy, the analysis of specific treatment modalities 285 

and their impact on cardiovascular outcomes was limited. 286 

 287 

Conclusions 288 

Pituitary tumours have a significant cardiovascular impact, which differs depending on the type of 289 

tumour. This study shows that biochemical control may not be sufficient alone to reduce risk factors 290 

and cardiovascular events in this patient population and that strict control of cardiovascular risk factors 291 

is necessary regardless of the degree of disease activity. In patients with Cushing's disease, achieving 292 

biochemical remission in the immediate postoperative period was associated with a lower risk of 293 

cardiovascular and cerebrovascular events in these patients. More studies are needed to confirm this 294 

association and to ascertain the background cardiovascular risk after remission or disease control. 295 

296 
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Figure Legends 

Table 1- Characterization of the patient sample 

Variable Acromegalia 

(N= 137) 

Cushing disease 

(N= 94) 

Prolactinoma 

(N=26) 

p-value 

Sex, n (%) 

Masculine 

Feminine 

47 (34.3) 

90 (65.7) 

 

15 (16.0) 

79 (84.0) 

 

14 (53.8) 

12 (46.2) 

 

 

<0.001 

Age (years), mean ± SD 45.3 ± 13.7 41.9 ± 14.0 41.4 ± 14.2 
0.090 

Duration of disease (years), 

median (IQR) 

 

12 (1-48)  

10 (2-38) 

 

17 (6-35) 

 

0.055 

Tumor type, n (%) 

Functioning 

Non-Functioning 

 

127 (92.7) 

10 (7.3) 

 

90 (95.7) 

4 (4.3) 
 

 

25 (96.2) 

1 (3.8) 

 

0.563 

Medical Therapy, n (%) 

Yes 

No 

 

65 (47.4) 

72 (52.6) 

 

 

12 (12.8) 

82 (87.2) 

 

17 (65.4) 

9 (34.6) 

 

 

<0.001 

Number of surgeries, n (%) 

1 

2 

3 

4 

 

104 (75.9) 

19 (13.9) 

13 (9.5) 

4 (0.7) 

 

68 (72.3) 

18 (19.1) 

8 (8.5) 

0 (0.0) 

 

25 (96.2) 

1 (3.8) 

0 (0.0) 

0 (0.0) 

 

 

 

 

0.222 

 

Radiotherapy, n (%) 

Yes 

No 

 

16 (11.9) 

118 (88.1) 

 

9 (9.6) 

85 (90.4) 

 

0 (0.0) 

26 (100.0) 

 

0.173 

Disease Control, n (%) 

Remission 

Controlled with medical 

therapy/radiotherapy 

Not controlled with medical 

therapy/radiotherapy 

 

 

70 (51.1) 

43 (31.4) 

24 (17.5) 

 

80 (85.1) 

9 (9.6) 

5 (5.3) 

 

9 (34.6) 

14 (53.8) 

3 (11.5) 

 

 

 

<0.001 

Insufficiency at diagnosis, n (%) 

Yes 

No 

 

33 (30.0) 

77 (70.0) 

 

6 (13.6) 

38 (86.4) 

 

1 (25.0) 

3 (75.0) 

 

 

0.108 

Insufficiency type, n (%) 

Gonadal Insufficiency 

Adrenal Insufficiency 

Thyroid Insufficiency 

Diabetes insipidus 

 

32 (29.4) 

10 (9.1) 

11 (10.1) 
0 (0.0) 

 

6 (13.6) 

2 (4.5) 

5 (11.4) 
1 (2.3) 

 

1 (25.0) 

0 (0.0) 

0 (0.0) 
0 (0.0) 

 

0.126 

0.532 

0.771 
0.272 

Current insufficiency, n (%) 

Yes 

No 

 

58 (42,6) 

78 (57.4) 

 

40 (42,6) 

54 (57.4) 

 

15 (57,7) 

11 (42.3) 

 

 

0.340 
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Table 2- Statistical analysis of the relationship between cardiovascular events and types of pituitary 
tumours 

 

 

 

Insufficiency type, n (%) 

Gonadal Insufficiency 

Adrenal Insufficiency 

Thyroid Insufficiency 

Diabetes insipidus 

 

 

41 (30.1) 

30 (22.1) 

38 (27.9) 

2 (1.5) 

 

6 (6.4) 

28 (29.8) 

31 (33.0) 

1 (1.1) 

 

11 (42.3) 

4 (15.4) 

10 (38.5) 

1 (3.8) 

 

<0.001 

0.219 

0.486 

0.594 

Cardiovascular risk factor/event Acromegalia 

(N= 137) 
Cushing disease 

(N= 94) 

Prolactinoma 

(N=26) 
p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

 
15 (10.9) 

122 (89.1) 

 

 
8 (8.5) 

86 (91.5) 

 

 
1 (3.8) 

25 (96.2) 

 

 
 

0.491 

 

Cardiovascular disease, n (%) 

Yes 

No 

 

11 (8.0) 

126 (92.0) 

 

5 (5.3) 

89 (94.7) 

 

1 (3.8) 

25 (96.2) 

 

 

0.600 

 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

53 (38.7) 

84 (61.3) 

 

29 (30.9) 

65 (69.1) 

 

2 (7.7) 

24 (92.3) 

 

 

0.008 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

68 (50.7) 

66 (49.3) 

 

46 (48.9) 

48 (51.1) 

 

6 (24.0) 

19 (76.6) 

 

 

0.045 

Dyslipidemia, n (%) 

Yes 

No 

 
68 (58.1) 

49 (41.9) 

 
51 (54.3) 

43 (45.7) 

 
17 (65.4) 

9 (34.6) 

 
 

0.582 

 

Ischaemic heart disease, n (%) 

Yes 

No 

 

4 (2.9) 

133 (97.1) 

 

3 (3.2) 

91 (96.8) 

 

1 (3.8) 

25 (96.2) 

 

 

0.968 

 

Cerebrovascular disease, n (%) 

Yes 

No 

 

6 (4.4) 

131 (95.6) 

 

4 (4.3) 

90 (95.7) 

 

0 (0.0) 

26 (100.0) 

 

 

0.556 

 

Arrhythmias, n (%) 

Yes 

No 

 

8 (5.8) 

129 (94.2) 

 

1 (1.1) 

93 (98.9) 

 

0 (0.0) 

26 (100.0) 

 

 

0.090 
 

Valvular Disease, n (%) 

Yes 

No 

 

1 (0.7) 

136 (99.3) 

 

0 (0.0) 

94 (100.0) 

 

0 (0.0) 

26 (100.0) 

 

 

0.0644 

 

Heart failure, n (%) 

Yes 

No 

 

 

1 (0,7) 

136 (99,3%) 

 

1 (1,1) 

93 (98,9) 

 

0 (0) 

26 (100) 

 

0,858 
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Table 3- Relationship between tumour control status and cardiovascular events in Acromegalia 

 

Acromegalia Remission Controlled with medical 

therapy/radiotherapy 

Not controlled despite with 

medical therapy/radiotherapy 

p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

 

61 (87.1) 

9 (12.9) 

 

 

6 (14.0) 

37 (86.0) 

 

 

0 (0.0) 

24 (100.0) 

 

 

 

0.164 

Dyslipidemia, n (%) 

Yes 

No 

 

27 (49.1) 
28 (50.9) 

 

31 (79.5) 
8 (20.5) 

 

10 (43.5) 
13 (56.5) 

 

0.004 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

 

37 (55.2) 

30 (44.8) 

 

 

21 (48.8) 

22 (51.2) 

 

 

10 (41.7) 

14 (58.3) 

 

 

0.499 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

 

28 (40.0) 

42 (60.0) 

 

 

14 (32.6) 

29 (67.4) 

 

 

 

11 (45.8) 

13 (54.2) 

 

 

0.536 

 

 

Table 4- Relationship between tumour control status and cardiovascular events in Cushing Disease 

 

 

 

Cushing Remission Controlled with medical 

therapy/radiotherapy 

Not controlled despite with 

medical therapy/radiotherapy 

p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

 

7 (8.8) 

73 (91.3) 

 

 

1 (11.1) 

8 (88.9) 

 

 

0 (0.0) 

5 (100.0) 

 

 

 

0.760 

Dyslipidemia, n (%) 

Yes 

No 

 
42 (52.5) 

38 (47.5) 

 
6 (66.7) 

3 (33.3) 

 
2 (40.0) 

3 (60.0) 

 

0.696 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

 

38 (47.5) 

42 (52.5) 

 

 

4 (44.4) 

5 (55.6) 

 

 

4 (80.0) 

1 (20.0) 

 

 

0.355 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

 

24 (30.0) 

56 (70.0) 

 

 

3 (33.3) 

6 (66.7) 

 

 

 

2 (40.0) 

3 (60.0) 

 

 

0.883 
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Table 5- Relationship between immediate post-operative remission and cardiovascular events in 
Cushing disease 

 

 

 

 

 

 

 

 

 

 

Table 6- Relationship between use of medical therapy in the immediate post-operative period and 
cardiovascular events in Cushing disease 

Variable No immediate post-

operative remission 

Immediate post-operative 

remission 

p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

5 (15.6) 

27 (84.4) 

 

 

0 (0) 

57 (100) 

 

 

 

0.002 

Dyslipidemia, n (%) 

Yes 

No 

 

21 (65.6) 
11 (34.4) 

 

 

28 (49.1) 
29 (50.9) 

 

 

0.133 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

 

16 (50) 

16 (50) 

 

 

27 (47.4) 

30 (52.6) 0.812 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

12 (37.5) 

20 (62.5) 

 

16 (28.1) 

41 (71.9) 

 

0,358 

Cardiovascular disease, n (%) 

Yes 

No 

 

 

3 (9.4) 
29 (90.6) 

 

0 (0) 
57 (100) 0,019 

Ischemic Heart disease, n (%) 

Yes 

No 

 

 

3 (9.4) 

29 (90.6) 

 

0 (0) 

57 (100) 0.019 

Cerebrovascular Disease, n (%) 

Yes 

No 

 

 

3 (9.4) 

29 (90.6) 

 

0 (0) 

57 (100) 0.019 
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Variable No medical therapy 

post-surgery 

Medical therapy 

post-surgery 

p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

 

5 (7%) 

66 (93%) 

 

 

 

1 (4.8) 

20 (95.2) 

 

 

 

0.710 

Dyslipidemia, n (%) 

Yes 

No 

 

37 (52.1) 
34 (47.9) 

 

12 (57.1) 
9 (42.9) 

 

0.685 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

 

34 (47.9) 

37 (52.1) 

 

 

 

11 (52.4) 

10 (47.6) 

 

0.717 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

19 (26.8) 

52 (73.2) 

 

 

 

9 (42.9) 

12 (57.1) 

 

 

0.159 

Cardiovascular disease, n (%) 

Yes 

No 

 

 

4 (5.6) 

67 (94.4) 

 

0 (0) 

21 (100) 0.266 

Heart Failure 

Yes 

No 

 

 

1 (1.4) 

70 (98.6) 

 

0 (0) 

21 (100) 0.584 

Ischemic Heart disease, n (%) 

Yes 

No 

 

 

3 (4.2) 

68 (95.8) 

 

0 (0) 

21 (100) 0.338 

Cerebrovascular Disease, n (%) 

Yes 

No 

 

 

2 (2.8) 

69 (97.2) 

 

1 (4.8) 

20 (95.2) 0.659 
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Supplementary tables 

Supplementary table 1- Relation between cardiovascular events and age at diagnosis of 

acromegaly (<50 vs. ≥50 years) 

 

Acromegalia Diagnosis before 50 years Diagnosis after 50 years p-value 
Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 
 

4 (5.4) 

70 (94.6) 

 
 

7 (17.1) 

34 (82.9) 

 

0.042 

Dyslipidemia, n (%) 

Yes 

No 

 
40 (59.7) 

27 (40.3) 

 
17 (54.8) 

14 (45.2) 

 

0.650 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

26 (36.1) 

46 (63.9) 

 

27 (65.9) 

14 (34.1) 

 

0.002 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

19 (25.7) 

55 (74.3) 

 

22 (53.7) 

19 (46.3) 

 

0.003 

Cardiovascular Pathology, n (%) 

Yes 

No 

3 (4.1) 

71 (95.9) 

5 (12,2) 

36 (87;8) 

 

0.100 

Supplementary table 2- Relation between cardiovascular events and age at diagnosis of 

Cushing disease (<50 vs. ≥50 years) 

 

Cushing Disease Diagnosis before 50 years Diagnosis after 50 years p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

 
3 (8.6) 

32 (91.4) 

 

 
1 (7.7) 

12 (92.3) 

 

 

0.922 

Dyslipidemia, n (%) 

Yes 

No 

 

18 (51.4) 

17 (48.6) 

 

11 (84.6) 

2 (15.4) 
0.037 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

 

12 (34.3) 

23 (65.7) 

 

 

 

12 (92.3) 

1 (7.7) 

 

<0.001 

 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

 

8 (22.9) 

27 (77.1) 

 

 

 

 

5 (38.5) 

8 (61.5) 

 

 

0.280 
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Supplementary table 3- Relation between cardiovascular events and age at diagnosis of 

Prolactinoma (<50 vs. ≥50 years) 

 

 

 

Supplementary table 4- Relation between cardiovascular events and the use of medical 

therapy in acromegaly 

 
Acromegalia No medical therapy Medical therapy p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 
 

9 (12.5) 

63 (87.5) 

 
 

6 (9.2) 

59 (90.8) 

 

 

0.541 

Dyslipidemia, n (%) 

Yes 

No 

 

28 (49.1) 

29 (50.9) 

 

40 (66.7) 

20 (33.3) 

 

0.055 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

 

37 (53.6) 

32 (46.4) 

 

 

31 (47.7) 

34 (52.3) 

 

0.493 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

 
29 (40.3) 

43 (59.7) 

 

 

 
24 (36.9) 

41 (63.1) 

 

0.687 

 

 

 

Supplementary table 5- Relation between cardiovascular events and the use of medical 

therapy in Cushing disease 

 
Cushing No medical therapy Medical therapy p-value 

Prolactinoma Diagnosis before 50 years Diagnosis after 50 years p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

 

1 (5.9) 

16 (94.1) 

 

 

2 (100.0) 

0 (0.0) 

 

 

0.725 

Dyslipidemia, n (%) 

Yes 

No 

 

10 (58.8) 

7 (41.2) 

 

2 (100.0) 

0 (0.0) 

 

0.253 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

 

2 (12.5) 

14 (87.5) 

 

 

1 (50.0) 

1 (50.0) 

 

 

 0.180 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

 

1 (5.9) 

16 (94.1) 

 

 

 

0 (0.0) 

2 (100.0) 

 

0.725 
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Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

 

8 (9.8) 

74 (90.2) 

 

 

0 (0.0) 

12 (100.0) 

 

 

0.258 

Dyslipidemia, n (%) 

Yes 

No 

 

43 (52.4) 

39 (47.6) 

 

8 (66.7) 

4 (33.3) 

 

0.355 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 
 

38 (46.3) 

44 (53.7) 

 
 

8 (66.7) 

4 (33.3) 

 

0.188 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

 

25 (30.5) 

57 (69.5) 

 

 

 

4 (33.3) 

8 (66.7) 

 

0.842 

 

Supplementary table 6- Relation between cardiovascular events and the use of medical 

therapy in Prolactinoma 

 

Prolactinoma No medical therapy Medical therapy p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

 

1 (11.1) 

8 (88.9) 

 

 

0 (0.0) 

17 (100.0) 

 

 

0.161 

Dyslipidemia, n (%) 

Yes 

No 

 
7 (77.8) 

2 (22.2) 

 
10 (58.8) 

7 (41.2) 

 

0.344 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

 

3 (33.3) 

6 (66.7) 

 

 

3 (18.8) 

13 (81.3) 

 

0.412 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

 

0 (0.0) 

9 (100.0) 

 

 

 

15 (88.2) 

2 (11.8) 

 

0.284 

 

 

Supplementary table 7- Relationship between tumour control status and cardiovascular events in 
Prolactinoma 
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Supplementary table 8- Relationship between duration of illness and cardiovascular events in 
acromegalic patients, all age groups 

 

Prolactinoma Remission Controlled with medical 

therapy/radiotherapy 

Not controlled despite with 

medical therapy/radiotherapy 

p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

 

1 (11.1) 

8 (88.9) 

 

 

14 (100.0) 

0 (0.0) 

 

 

0 (0.0) 

3 (100.0) 
 

 

 

0.374 

Dyslipidemia, n (%) 

Yes 

No 

 

7 (77.8) 

2 (22.2) 

 

8 (57.1) 

6 (42.9) 

 

2 (66.7) 

1 (33.3) 

 

0.597 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

 

3 (33.3) 

6 (66.7) 

 

 

3 (23.1) 

10 (76.9) 

 

 

0 (0.0) 

3 (100.0) 

 

 

0.501 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

 

0 (0.0) 

9 (100.0) 

 

 

2 (14.3) 

12 (85.7) 
 

 

 

0 (0.0) 

3 (100.0) 

 

 

0.395 
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Supplementary table 9- Relationship between duration of illness and cardiovascular events 

in acromegalic patients, by age cut-of limits (<5, > 5years) 

 

Cardiovascular 
risk 
factor/event 

<5 years 5-10 years 10-15 years 15-20 years >20 years p-value 

Cardiovascular 
and 

cerebrovascula
r disease, n (%) 

Yes 
No 

 
 
 

1 (5.6) 
17 (94.4) 

 
 
 

3 (9.7) 
28 (90.3) 

 
 
 

2 (9.5) 
19 (90.5) 

 
 
 

2 (13.3) 
13 (86.7) 

 

 
 
 

5 (12.5) 
35 (87.5)) 

 
 
 
 

0,936 

Cardiovascular 

disease, n (%) 

Yes 
No 

 
 

0 (0) 
18 (100) 

 

 
 

2 (6.5) 
29 (93.5) 

 
 

2 (9.5) 
19 (90.5) 

 
 

2 (13.3) 
13 (86.7) 

 

 
 

4 (10) 
36 (90) 

 
 

0,639 

Personal 
history 

diabetes/pre-
diabetes, n (%) 

Yes 
No 

 
 
 

6 (33.3) 
12 (66.7) 

 
 
 

12 (38.7) 
19 (61.3) 

 
 
 

8 (38.1) 
13 (61.9) 

 
 
 

9 (60) 
6 (40) 

 

 
 
 

13 (32.5) 
27 (67.5) 

 
 

0.442 

Personal 
History arterial 
hypertension, n 

(%) 

Yes 
No 

 
 
 

7 (38.9) 
11 (61.1) 

 

 
 
 

14 (45.2) 
17 (54.8) 

 
 
 

8 (38.1) 
13 (61.9) 

 
 
 

8 (57.1) 
6 (42.9) 

 

 
 
 

22 (56.4) 
17 (43.6) 

 
 

0.542 

Dyslipidemi
a, n (%) 
Yes 
No 

 
 

9 (56.3) 
7 (43.8) 

 
 

12 (52.2) 
11 (47.8) 

 
 

12 (66.7) 
6 (33.3) 

 
 

9 (75) 
3 (25) 

 
 

 
 

20 (52.6) 
18 (47.4) 

 
 

0.597 

Cerebrovas
cular 
disease, n 
(%) 
Yes 
No 

 
 
 

1 (5.6) 
17 (94.4) 

 
 
 

1 (3.2) 
30 (96.8) 

 
 
 

0 (0) 
21 (100) 

 

 
 
 

0 (0) 
15 (100) 

 

 
 
 

2 (5) 
38 (95) 

 
 

0.748 

Arrhythmias
, n (%) 
Yes 
No 

 
 

0 (0) 
18 (100) 

 
 

2 (6.5) 
29 (93.5) 

 
 

2 (9.5) 
19 (90.5) 

 
 

1 (6.7) 
14 (93.3) 

 

 
 

2 (5) 
38 (05) 

 
0.776 

Cardiovascular risk 
factor/event 

< 5years > 5 years p-value 
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Supplementary table 10- Relationship between duration of illness and cardiovascular events 

in acromegalic patients, by age cut-of limits (<10, >10 years) 

Cardiovascular and 

cerebrovascular disease, n (%) 

Yes 
No 

 

 

1 (5.6) 

17 (94.4) 

 

 

12 (11.2) 

95 (88.8) 

 

 

0.467 

Cardiovascular disease, n (%) 

Yes 
No 

 

0 (0) 

18 (100) 

 

10 (9.3) 

97 (90.7) 

 

0.176 

Personal history diabetes/pre-
diabetes, n (%) 

Yes 
No 

 
 

6 (33.3) 

12 (66.7) 

 
 

42 (39.3) 

65 (60.7) 

 

0.633 

Personal History arterial 

hypertension, n (%) 

Yes 
No 

 

 

7 (38.9) 

11 (61.1) 

 

 

52 (49.5) 

53 (50.5) 

 

0.404 

Dyslipidemia, n (%) 
Yes 
No 

 

9 (56.3) 

7 (43.8) 

 

53 (58.2) 

38 (41.8) 

0.882 

Cerebrovascular 
disease, n (%) 
Yes 
No 

 

1 (5.6) 

17 (94.4) 

 

3 (2.8) 

104 (97.2) 0.539 

Arrhythmias, n (%) 
Yes 
No 

 

0 (0) 
18 (100) 

 

7(6.4) 
100 (93.5) 

0.264 

Ischemic  
Cardiopathy, n (%) 
Yes 
No 
 

 

 

0 (0) 

18 (100) 

 

 

3 (2.8) 

104 (97.2) 0.472 
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Supplementary table 11- Relationship between duration of illness and cardiovascular events 

in acromegalic patients, by age cut-of limits (<15, >15 years) 

 

Cardiovascular risk 
factor/event 

< 10 years > 10 years p-value 

Cardiovascular and 
cerebrovascular disease, n (%) 

Yes 
No 

 

 

4 (8.2) 

45 (91.8) 

 

 

9 (11.8) 

67 (88.2) 

 

0.511 

Cardiovascular disease, n (%) 

Yes 
No 

 
2 (4.1) 

47 (95.9) 

 
8 (10.5) 

68 (89.5) 

 

0.195 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 
No 

 

18 (36.7) 

31 (63.3) 

 

 

30 (39.5) 

46 (60.5) 

 

 

0.759 

Personal History arterial 
hypertension, n (%) 

Yes 
No 

 

 

21 (42.9) 

28 (57.1) 

 

 

38 (51.4) 

36 (48.6) 

 

0.356 

Dyslipidemia, n (%) 
Yes 
No 

 

21 (53.8) 

18 (46.2) 

 

41 (60.3) 

27 (39.7) 

0.516 

Cerebrovascular 
disease, n (%) 
Yes 
No 

 
2 (4.1) 

47 (95.9) 

 
2 (2.6) 

74 (97.4) 0.653 

Arrhythmias, n (%) 
Yes 
No 

 

2 (4.1) 

47 (95.9) 

 

5 (6.6) 

71 (93.4) 

 

0.553 

Ischemic  
Cardiopathy, n (%) 
Yes 
No 
 

 

 

0 (0) 

49 (100) 

 

 

3 (3.9) 

73 (96.1) 0.159 
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Supplementary table 12- Relationship between duration of illness and cardiovascular events 

in acromegalic patients, by age cut-of limits (<20, >20 years) 

Cardiovascular risk 
factor/event 

< 15 years > 15 years p-value 

Cardiovascular and 
cerebrovascular disease, n (%) 

Yes 
No 

 

6 (8.6) 
64 (91.4) 

 

 

7 (12.7) 
48 (87.3) 

 

 

0.450 

Cardiovascular disease, n (%) 

Yes 
No 

 

4 (5,7) 

66 (94.3) 

 

6 (10.9) 

49 (89.1) 

 

0.288 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 
No 

 

 

26 (37.1) 

44 (62.9) 

 

 

22 (40) 

33 (60) 

 

0.744 

Personal History arterial 
hypertension, n (%) 

Yes 
No 

 

 

29 (41.4) 

41 (58.6) 

 

 

30 (56.6) 

23 (43.4) 

 

0.095 

Dyslipidemia, n (%) 
Yes 
No 

 

33 (57.9) 
24 (42.1) 

 

29 (58) 
21 (42) 

0.991 

Cerebrovascular 
disease, n (%) 
Yes 
No 

 

2 (2.9) 

68 (97.1) 

 

2 (3.6) 

53 (96.4) 0.806 

Arrhythmias, n (%) 
Yes 
No 

 

4 (5.7) 

66 (94.3) 

 

3 (5.5) 

52 (94.5) 

 

0.950 

Ischemic  
Cardiopathy, n (%) 
Yes 
No 

 

 

0 (0) 

70 (100) 

 

 

 

3 (5.5) 

52 (94.5) 0.048 
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Cardiovascular risk 
factor/event 

< 20 years > 20 years 
p-value 

Cardiovascular and 

cerebrovascular disease, n (%) 

Yes 
No 

 

 

8 (9.4) 

77 (90.6) 

 

 

 

5 (12.5) 

35 (87.5) 

 

 

0.598 

Cardiovascular disease, n (%) 

Yes 
No 

 

6 (7.1) 

79 (92.9) 

 

4 (10) 

36 (90) 

 

0.572 

Personal history diabetes/pre-
diabetes, n (%) 

Yes 
No 

 
 

35 (41.2) 

50 (58.8) 

 

 
 

13 (32.5) 

27 (67.5) 

 

 

0.352 

Personal History arterial 

hypertension, n (%) 

Yes 
No 

 

 

37 (44) 

47 (56) 

 

 

 

22 (56.4) 

17 (43.6) 

 

0,202 

 

Dyslipidemia, n (%) 
Yes 
No 

 

42 (60.9) 

27 (39.1) 

 

 

22 (52.6) 

18 (47.4) 0.409 

Cerebrovascular 
disease, n (%) 
Yes 
No 

 
2 (2.4) 

83 (97.6) 

 
2 (5) 

38 (95) 0.433 

Arrhythmias, n (%) 
Yes 
No 

 

5 (5.9) 

80 (94.1) 

 

2 (5) 

38 (95) 

 

0.841 

Ischemic  
Cardiopathy, n (%) 
Yes 
No 
 

 

 

1 (1.2) 

84 (98.8) 

 

 

1 (5) 

38 (95) 0.193 
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Supplementary table 13- Relationship between duration of illness and cardiovascular events 

in Cushing disease patients, al groups  

 

 

 

 

 

 

Supplementary table 14- Relationship between duration of illness and cardiovascular events 

in Cushing disease patients, by age cut-of limits (<5, >5 years) 

Cardiovascular risk 
factor/event 

<5 years 5-10 years 10-15 
years 

15-20 
years 

>20 years p-value 

Cardiovascular and 
cerebrovascular 
disease, n (%) 
Yes 
No 

 
 
 
1 (20) 
4 (80) 

 
 
 
1 (3.8) 
25 (96.2) 

 
 
 
0 (0) 
11 (100) 

 
 
 
0 (0) 
8 (100) 
 

 
 
 
2 (13.3) 
13 (86.7) 

 
 
0.344 

Cardiovascular 
disease, n (%) 
Yes 
No 

 
 
1 (20) 
4 (80) 

 
 
0 (0) 
26 (100) 

 
 
0 (0) 
11 (100) 

 
 
0 (0) 
8 (100) 
 
 

 
 
1 (6.7) 
14 (93.3) 

0.142 

Personal history 
diabetes/pre-
diabetes, n (%) 
Yes 
No 

 
 
 
3 (60) 
2 (40) 
 

 
 
 
6 (33.3) 
20 (76.9) 

 
 
 
4 (36.4) 
7 (63.6) 
 

 
 
 
0 (0) 
8 (100) 
 

 
 
 
5 (33.3) 
10 (66.7) 

 
 
 
0.159 

Personal History 
arterial 
hypertension, n 
(%) 
Yes 
No 

 
 
 
 
4 (80) 
1 (20) 

 
 
 
 
10 (38.5) 
16 (61.5) 

 
 
 
 
6 (54.5) 
5 (45.5) 

 
 
 
 
1 (12.5) 
7 (87.5) 
 

 
 
 
 
8 (53.3) 
7 (46.7) 

 
 
 
 
0.127 

Dyslipidemia, n 
(%) 
Yes 
No 
 

 
 
4 (80) 
1 (20) 

 
 
15 (57.7) 
11 (42.3) 

 
 
6 (54.5) 
5 (45.5) 

 
 
3 (37.5) 
5 (62.5) 

 
 
9 (24.3) 
6 (40) 

 
 
0.661 

Ischaemic heart 
disease, n (%) 
Yes 
No 

 
1 (20) 
4 (80) 

 
0 (0) 
26 (100) 

 
0 (100) 
11 (100) 

 
0 (0) 
8 (100) 
 

 
1 (6,7) 
14 (93.3) 

 
0.142 

Cerebrovascular 
disease, n (%) 
Yes 
No 

 
1 (20) 
4 (80) 

 
1 (3.8) 
25 (96.2) 

 
0 (0) 
11 (100) 

 
0 (0) 
8 (100) 
 

 
1 (6.7) 
14 (93.3) 

 
 
0.436 
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Supplementary table 15- Relationship between duration of illness and cardiovascular events 

in Cushing disease patients, by age cut-of limits (<10, >10 years) 

 

 

 

Cardiovascular risk 
factor/event 

< 5 years > 5 years p-value 

Cardiovascular and 
cerebrovascular disease, n (%) 

Yes 
No 

 

1 (20) 

4 (80) 

 

 

3 (5) 

57 (95) 

 

 

0.180 

Cardiovascular disease, n (%) 

Yes 
No 

 

1 (20) 

4 (80) 

 

1 (1.7) 

59 (98.3) 

 

 

0.023 

Personal history diabetes/pre-
diabetes, n (%) 

Yes 
No 

 

3 (60) 

2 (40) 

 

 

15(25) 

45 (75) 

 

 

0.093 

Personal History arterial 

hypertension, n (%) 

Yes 
No 

 

4 (80) 

1 (20) 

 

 

25 (41.7) 

35 (58.3) 

 

 

0.098 

Dyslipidemia, n (%) 
Yes 
No 

 

4 (80) 

1 (20) 

 

33 (55) 

27 (45) 

0.278 

Cerebrovascular 
disease, n (%) 
Yes 
No 

 

1 (20) 

4 (80) 

 

2 (3.3) 

58 (96.7) 

 

0.088 

Ischemic  

Cardiopathy, n (%) 

Yes 

No 

 

 

 

1 (20) 

4 (80) 

 

 

1 (1.7) 

59 (98.3) 

0.023 
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Supplementary table 16- Relationship between duration of illness and cardiovascular events 

in Cushing disease patients, by age cut-of limits (<15, >15 years) 

 

 

 

 

 

 

Cardiovascular risk 
factor/event 

< 10 years > 10 years p-value 

Cardiovascular and 
cerebrovascular disease, n (%) 

Yes 
No 
 

 

2 (6.5%) 

29 (93.5%) 

 

 

2 (5.9) 

32 (94.1) 

 

 

0.924 

Cardiovascular disease, n (%) 

Yes 
No 

 

1 (3.2) 

30 (96.8) 

 

1 (2.9) 

33 (97.1) 

 

0.947 

Personal history diabetes/pre-
diabetes, n (%) 

Yes 
No 
 

 

9 (29) 

22 (71) 
 

 

9 (26.5) 

25 (73.5) 
 

 

0.818 

Personal History arterial 

hypertension, n (%) 

Yes 
No 

 

14 (45.2) 

17 (54.8) 

 

 

 

15 (44.1) 

19 (55.9) 

 

 

 

0.933 

Dyslipidemia, n (%) 
Yes 
No 
 

 

19 (61.3) 

12 (38.7) 

 

 

18 (52.9) 

16 (47.1) 

 

0.497 

Cerebrovascular 
disease, n (%) 
Yes 
No 
 

 
 

2 (6.5) 

29 (93.5) 

 
 

1 (2.9) 

33 (97.1) 0.500 

Ischemic  
Cardiopathy, n (%) 
Yes 
No 
 

 

 

1 

30 

 

 

1 

33 0,947 
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Supplementary table 17- Relationship between duration of illness and cardiovascular events 

in Cushing disease patients, by age cut-of limits (<20, >20 years) 

 

 

Cardiovascular risk 

factor/event 
< 15 years > 15 years p-value 

Cardiovascular and 
cerebrovascular disease, n (%) 

Yes 
No 

 

 

2 

40 

 

 

 

2 

21 

0.528 

 

Cardiovascular disease, n (%) 

Yes 
No 

 
1 (2.4) 

41 (97.6) 

 
1 (4.3) 

22 (95.7) 

 

0.661 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 
No 

 

13 (32) 

29 (69) 

 

 

5 (21,7) 

18 (78.3) 

 

 

0.427 

Personal History arterial 
hypertension, n (%) 

Yes 
No 
 

 

 

20 (47.6) 

22 (52.4) 

 

 

9 (39.1) 

14 (60.9) 

 

0.510 

Dyslipidemia, n (%) 
Yes 
No 

 

25 (59.5) 

15 (40.5) 

 

12 (52.2) 

11 (48.4) 

0.567 

Cerebrovascular 
disease, n (%) 
Yes 
No 

 

2 (4.8) 

40 (95.2) 

 

1 (4.3) 

22 (95.7) 0.939 

Ischemic  
Cardiopathy, n (%) 

1 (2.4) 

41 (97.6) 

1 (4.3) 

22 (95.7) 

0.661 

Cardiovascular risk 

factor/event 
< 20 years > 20 years p-value 

Cardiovascular and 

cerebrovascular disease, n (%) 

Yes 
No 

 

2 (4) 

48 (96) 

 

 

 

2 (13.3) 

13 (86.7) 

 

 

0.187 

Cardiovascular disease, n (%) 

Yes 
 

1 (2) 

 

1 (6.7) 
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Supplementary table 18- Relationship between duration of illness and cardiovascular events 

in prolactinoma, al groups  

 

 

 

 

No 49 (98) 14 (93.3) 0.359 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 
No 

 

13 (26) 

37 (74) 

 

 

 

5 (33.3) 

10 (66.7) 

 

 

0.578 

Personal History arterial 
hypertension, n (%) 

Yes 
No 

 

21 (42) 

29 (58) 
 

 

 

8 (53.3) 

7 (46.7) 
 

 

0.439 

Dyslipidemia, n (%) 
Yes 
No 

 

28 (56) 

 

22 (44) 

 

9 (60) 

6 (40) 0.784 

Cerebrovascular 
disease, n (%) 
Yes 
No 

 

 

2 (4) 

48 (96) 

  

 

 

1 (6.7) 

14 (93.3) 0,666 

Ischemic  
Cardiopathy, n (%) 
Yes 
No 
 

 

 

1 (2) 

49 (98) 

 

 

1 (6.7) 

14 (93.3) 0,359 
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Supplementary table 19- Relationship between duration of illness and cardiovascular events 

in Prolactinoma, by age cut-of limits (<10, >10 years) 

 

 

 

Cardiovascular risk 
factor/event 

5-10 years 10-15 
years 

15-20 years >20 years p-value 

Cardiovascular and 
cerebrovascular 
disease, n (%) 
Yes 
No 

 
 
 
0 (0) 
6 (100) 
 

 
 
 
0 (0) 
4 (100) 

 
 
 
0 (0) 
5 (100) 
 

 
 
 
1 (10) 
9 (90) 
 
 

 
 
 
0.668 

Cardiovascular 
disease, n (%) 
Yes 
No 

 
0 (0) 
6 (100) 

 
0 (0) 
4 (100) 

 
0 (0) 
5 (100) 

 
1 (10) 
9 (90) 
 

 
0.668 

Personal history 
diabetes/pre-
diabetes, n (%) 
Yes 
No 

 
 
 
1 (16.7) 
5 (83.7) 

 
 
 
1 (25) 
3(75) 

 
 
 
0 (0) 
5 (100) 

 
 
 
0 (0) 
10 (100) 
 
 

 
 
 
0.322 

Personal History 
arterial 
hypertension, n 
(%) 
Yes 
No 

 
 
 
 
1 (20) 
4 (80) 

 
 
 
 
1 (25) 
3 (75) 

 
 
 
 
2 (40) 
3 (60) 

 
 
 
 
2 (20) 
8 (80) 
 

 
 
 
 
 
0.849 

Dyslipidemia, n 
(%) 
Yes 
No 
 

 
 
2 (33.3) 
4 (66.7) 

 
 
3 (75) 
1 (25) 

 
 
4 (80) 
1 (20) 

 
 
8 (80) 
2 (20) 

 
 
 
0.222 

Ischaemic heart 
disease, n (%) 
Yes 
No 

 
 
0 (0) 
6 (100) 

 
 
0 (0) 
5 (100) 

 
 
0 (0) 
4 (100) 

 
 
1 (10) 
9 (90) 
 

 
 
0.668 

Cardiovascular risk 
factor/event 

< 10 years > 10 years p-value 

Cardiovascular and 
cerebrovascular disease, n (%) 

Yes 
No 

 

0 (0) 

6 (100) 

 

1 (5.3) 

18 (94.7) 0.566 
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Supplementary table 20- Relationship between duration of illness and cardiovascular events 

in Prolactinoma by age cut-of limits (<15, >15 years) 

 

 

   

Cardiovascular disease, n (%) 

Yes 
No 

 

0 (0) 

6 (100) 

 

1 (5.3) 

18 (94.7) 

 

 

0.566 

Personal history diabetes/pre-
diabetes, n (%) 

Yes 
No 

 

 

1 (16.7) 

5 (83.3) 
 

 

 

1 (5.3) 

18 (94.7) 
 

 

0.369 

 

Personal History arterial 

hypertension, n (%) 

Yes 
No 

 

 

1 (20) 

4 (80) 

 

 

5 (26.3) 

14 (73.7) 

 

 

0.772 

 

Dyslipidemia, n (%) 
Yes 
No 

 

2 (33.3) 

4 (66.7) 

 

15 (78.9) 

4 (21.1) 

0.037 

Ischemic  
Cardiopathy, n (%) 
Yes 
No 
 

 

 

0 (0) 

6 (100) 

 

 

1 (5.3) 

18 (94.7) 

0.566 

Cardiovascular risk 

factor/event 
< 15 years > 15 years p-value 

Cardiovascular and 

cerebrovascular disease, n (%) 
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Supplementary table 21- Relationship between duration of illness and cardiovascular events 

in Prolactinoma patients, by age cut-of limits (<20, >20 years) 

 

 

 

Yes 

No 

 

0 (0) 

10 (100) 

 

1 (93.3) 

14 (6.7) 

 

0.405 

Cardiovascular disease, n (%) 

Yes 

No 

 

 

0 (0) 

10 (100) 

 

 

1 (6.7) 

14 (93.3) 

 

0.405 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

 

 

2 (20) 

8 (80) 

 

 

0 (0) 

15 (100) 

 

0.071 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

2 (22.2) 

7 (77.8) 

 

 

4 (26.7) 

11 (73.3) 

 

0.808 

 

Dyslipidemia, n (%) 

Yes 

No 

 

 

5 (50) 

5 (50) 

 

12 (80) 

3 (20) 

0.115 

Ischemic  

Cardiopathy, n (%) 

0 (0) 

10 (100) 

1 (6.7) 

14 (93.7) 0.405 
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Supplementary table 22- Relationship between use of medical therapy in the immediate 

post-operative period and cardiovascular events in Acromegalia 

 

 

 

 

 

 

 
Variable No medical therapy 

post-surgery 

Medical therapy 

post-surgery 

p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

 

4 (9.5) 

38 (90.5) 

 

 

10 (11) 

81 (89) 

 

0.798 

 

Dyslipidemia, n (%) 

Yes 

No 

 

17 (53.1) 

15 (46.9) 

 

50 (60.2) 

33 (39.8) 

 

0,488 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

22 (52.4) 

20 (47.6) 

 

 

46 (51.1) 

44 (48.9) 

 

0.892 

 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

 

15 (35.7) 

27 (64.3) 

 

37 (40.7) 

54(59.3) 

0.587 

Cardiovascular risk 

factor/event 
< 20 years > 20 years p-value 

Cardiovascular and 
cerebrovascular disease, n (%) 

Yes 
No 

 

 

0 (0) 

15 (100) 

 

 

 

1 (10) 

9 (90) 

 

0.211 

 

Cardiovascular disease, n (%) 

Yes 
No 

 
0 (0) 

15 (100) 

 
1 (10) 

9 (90) 

 

0.211 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 
No 

 

 

2 (13.3) 

13 (86.7) 

 

 

 

0 (0) 

10 (100) 

 

0.229 

 

Personal History arterial 
hypertension, n (%) 

Yes 
No 

 

4 (28.6) 

10 (71.4) 

 

 

2 (20) 

8 (80) 

 

 

0.633 

Dyslipidemia, n (%) 
Yes 
No 

 

9 (60) 
6 (40) 

 

8 (80) 
2 (20) 

0.294 

Ischemic  
Cardiopathy, n (%) 

0 (0) 

15 (100) 

1 (10) 

9 (90) 
0.211 
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No  

 

 

  

Cardiovascular disease, n (%) 

Yes 

No 

 

3 (7.1) 

39 (92.8) 

8 (8.8) 

83 (91.2) 

0.748 

Heart Failure 

Yes 

No 

 

 

0 (0) 

42 (100) 

 

1 (1.1) 

90 (98.9) 0.495 

Valvular Disease 

Yes 

No 

 

 

0 (0) 

42 (100) 

 

1 (1.1) 

90 (98.9) 0.495 

Ischemic Heart disease, n (%) 

Yes 

No 

 

 

0 (0) 

42 (100) 

 

4 (4.4) 

87 (95.6) 0.168 

Cerebrovascular Disease, n (%) 

Yes 

No 

 

1 (2.4) 

41 (97.6) 

4 (4.4) 

87 (95.6) 

0.570 

Arritmia, n (%) 

Yes 

No 

 

 

3 (7.1) 

39 (92.8) 

 

5 (5.5) 

86 (94.5) 0.710 

 

 

Supplementary table 23- Relationship between immediate post-operative remission and 

cardiovascular events in Acromegalia 

 

Variable No immediate post-

operative remission 

Immediate post-operative 

remission 

p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

 

9 (11.4) 

70 (88.6) 

 

 

 

4 (11.1) 

32 (88.9) 

 

 

0.965 

Dyslipidemia, n (%) 

Yes 

No 

 

44 (61.1) 

28 (38.8) 

 

 

15 (50.6) 

12 (44.4) 

 

 

0.616 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

 

37 (46.8) 
42 (53.2) 

 

 

19 (52.8) 
17 (47.2) 0.554 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

 

44 (61.1) 

28 (38.9) 

 

 

 

 

15 (56.6) 

12 (44.4) 

 

 

0.616 

Cardiovascular disease, n (%) 

Yes 

 

7 (8.9) 

 

3 (8.3) 

0.926 
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No 

 

72 (91.1) 33 (91.7) 

Heart Failure 

Yes 

No 

 

 

0 (0) 

79 (100) 

 

1 (2.8) 

35 (97.2) 0.137 

Valvular Disease 

Yes 

No 

 

 

0 (0) 

39 (100) 

 

1 (2.8) 

35 (97.2) 

 

0.137 

Ischemic Heart disease, n (%) 

Yes 

No 

 

 
3 (3.8) 

76 (96.2) 

 
1 (2.8) 

35 (97.2) 0.782 

Cerebrovascular Disease, n (%) 

Yes 

No 

 

 

3 (3.8) 

76 (96.2) 

 

2 (5.6) 

74 (94.4) 0.668 

Arritmia, n (%) 

Yes 

No 

 

 

4 (5.1) 

75 (94.8) 

 

3 (8.3) 

33 (91.7) 0.496 

 

 

 

Supplementary table 24- Relationship between use of medical therapy in the immediate 

post-operative period and cardiovascular events in Prolactinoma 

 

 
Variable No medical therapy 

post-surgery 

Medical therapy 

post-surgery 

p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

1 (12.5) 

7 (87.5) 

 

 

0 (0) 

18 (100) 

 

 

0.126 

Dyslipidemia, n (%) 

Yes 

No 

 

5 (62.5) 

3 (37.5) 

 

12 (66.7) 

6 (33.3) 

 

0.837 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

2 (25) 
6 (75) 

 

 

4 (23.5) 
13 (76.5) 

 0.936 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

 

1 (12.5) 

7 (87.5) 

 

 

1 (5.6) 

17 (94.4) 

 

 

 

0.540 

Cardiovascular disease, n (%) 

Yes 

No 

 

 

1 (12.5) 

7 (87.5) 

 

 

0 (0) 

18 (100) 

 

0.126 

Ischemic Heart disease, n (%) 

Yes 

No 

 

 
1 (12.5) 

7 (87.5) 

 
0 (0) 

18 (100) 0.126 
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Supplementary table 25- Relationship between immediate post-operative remission and 

cardiovascular events in Prolactinoma 

 
Variable No immediate post-

operative remission 

Immediate post-operative 

remission 

p-value 

Cardiovascular and 

Cerebrovascular disease, n (%) 

Yes 

No 

0 (0) 
10 (100) 

 

1 (7.1) 
13 (92.9) 

 

0.388 

Dyslipidemia, n (%) 

Yes 

No 

 

6 (60) 

4 (40) 

 

11 (78.6) 

3 (21.4) 

 

0.324 

Personal History arterial 

hypertension, n (%) 

Yes 

No 

 

2 (22.2) 

7 (77.8) 

 

4 (28.6) 

10 (71.4) 

0.375 

Personal history diabetes/pre-

diabetes, n (%) 

Yes 

No 

 

1 (10) 
9 (90) 

 

 

 

0 (0) 
14 (100) 

 

 0.227 

Cardiovascular disease, n (%) 

Yes 

No 

 

 

0 (0) 

10 (100) 

 

1 (7.1) 

13 (92.9) 

 

0.388 

Ischemic Heart disease, n (%) 

Yes 

No 

 

 

0 (0) 

10 (100) 

 

1 (7.1) 

13 (92.9) 0.388 
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Apêndices 

 

 

 

STROBE Statement—Checklist of items that should be included in reports of cohort studies 

 

 

 

 

 

Item 

No 

Recommendati

on 

 

Page No 

Title and abstract 1 (a) Indicate the 

study’s design 

with a 

commonly used 

term in the title 

or the abstract 

Original research article 

 

Página:10:” This study employed a retrospective design to assess the 

cardiovascular burden in patients with functioning pituitary tumours  

 

(b) Provide in 

the abstract an 

informative and 

balanced 

summary of 

what was done 

and what was 

found 

Página 8: “Retrospective analysis of 257 patients with functioning 

pituitary tumours (137 acromegaly, 94 Cushing's disease, 26 

prolactinoma) who underwent surgery. Cardiovascular events, tumour 

characteristics, age at diagnosis, and tumour activity status were 

evaluated. We also evaluated the relationship between the achievement of 

remission after surgery and the use of hormonal control therapy with 

cardiovascular events. 

.” “Patients with functioning pituitary tumours demonstrate a high 

cardiovascular burden even after tumour control.” 

“In patients with Cushing's disease, remission in the immediate 

postoperative period is associated with fewer cardiovascular and 

cerebrovascular events.” 

Introduction 

Background/rationale 2 Explain the 

scientific 

background and 

rationale for the 

investigation 

being reported 

Página 9: “Current management strategies primarily focus on achieving 

tumour and biochemical control through surgery and/or medical therapy, 

but it is unclear whether achieving hormonal remission consistently 

translates into a reduction in cardiovascular risk. Moreover, variability in 

treatment response suggests that additional clinical markers may be 

needed to identify patients at higher risk of persistent cardiovascular 

complications, even after disease control. 

 
 

Objectives 3 State specific 

objectives, 

including any 

prespecified 

hypotheses 

“Página 9: “In this study, we aim to evaluate the cardiovascular burden 

associated with functioning pituitary tumours by assessing clinical 

outcomes and treatment strategies in a retrospective cohort of 257 patients 

who underwent surgery.” 

Methods 
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Study design 4 Present key 

elements of 

study design 

early in the 

paper 

Página 10: “We conducted a comprehensive review of medical records 

from Coimbra Local Health Unit for patients diagnosed with functioning 

pituitary tumours between 14/07/1986 and 09/01/2024” 

 

Página 10: “Data collection was done by extracting the relevant 

information from electronic medical records, including demographic 

characteristics, tumour type and size, endocrine function tests, 

cardiovascular risk factors, and cardiovascular outcomes.” 

 

 

Setting 5 Describe the 

setting, 

locations, and 

relevant dates, 

including 

periods of 

recruitment, 

exposure, 

follow-up, and 

data collection 

Página 10: “We conducted a comprehensive review of medical records 

from Coimbra Local Health Unit for patients diagnosed with functioning 

pituitary tumours between 14/07/1986 and 09/01/2024.” 

Participants 6 (a) Give the 

eligibility 

criteria, and the 

sources and 

methods of 

selection of 

participants. 

Describe 

methods of 

follow-up 

Página 10: “Inclusion criteria encompassed adult patients (≥18 years) with 

a confirmed diagnosis of functioning pituitary tumour who have 

undergone surgery, including prolactinomas, acromegaly, and Cushing’s 

disease. Exclusion criteria included patients with non-functioning 

pituitary tumours, who have not undergone surgery and incomplete 

medical records.” 
 

(b) For matched 

studies, give 

matching 

criteria and 

number of 

exposed and 

unexposed 

Not applicable in the context of this study 

Variables 7 Clearly define 

all outcomes, 

exposures, 

predictors, 

potential 

confounders, 

and effect 

modifiers. Give 

diagnostic 

Página 10: “Specifically, we collected data on age, sex, lipid profile, 

duration of the disease since diagnosis, number of surgeries performed, 

achievement of remission in the immediate post-operative period, 

completion of medical therapy in the postoperative period, number of 

surgeries performed, completion of radiotherapy, tumour control status, 

insufficiencies at diagnosis and in the immediate post-operative period 

and whether they were under medical therapy at the time of the last 

medical record available. Cardiovascular outcomes of interest included 

hypertension, dyslipidaemia, diabetes mellitus, coronary artery disease, 
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criteria, if 

applicable 

heart failure, cardiac arrhythmia, valvular disease and cerebrovascular 

events. Besides assessing each individual, we also analysed them by 

groups: i) (patients with cardiovascular-cerebrovascular pathology (CVD 

-CV), which includes the cardiovascular events analysed (arrhythmia, 

coronary heart disease, heart failure, valvular heart disease and strokes and 

transient ischaemic strokes), ii) patients with just cardiovascular 

pathology (CVD) (which includes only arrhythmia, coronary heart 

disease, heart failure, valvular heart disease), iii) patients with just as 

cerebrovascular pathology, (CV) which includes only strokes and 

transient ischaemic strokes).” 

 

Data sources/ 

measurement 

8* For each 

variable of 

interest, give 

sources of data 

and details of 

methods of 

assessment 

(measurement). 

Describe 

comparability of 

assessment 

methods if there 

is more than one 

group 

Página 10,11: “Endocrine function was assessed through hormone 

measurements specific to each tumour type. For prolactinomas, serum 

prolactin levels were recorded. In cases of GH-secreting tumours, we 

documented GH and insulin-like growth factor 1 (IGF-1) levels. For 

ACTH-secreting tumours, we noted serum cortisol and ACTH levels, as 

well as results from dexamethasone suppression tests and urinary-free 

cortisol where available. Cardiovascular assessment included 

echocardiographic data, electrocardiogram findings, and results from any 

additional cardiovascular imaging studies (e.g., coronary angiography, 

cardiac MRI) were recorded where available. Treatment modalities, 

including medical therapy, surgery, and radiotherapy, were documented 

along with their timing relative to cardiovascular outcomes.” 

 

 

Bias 9 Describe any 

efforts to 

address 

potential 

sources of bias 

Página 18: “large sample size of 257 patients with functioning pituitary 

tumours, providing a substantial dataset for analysis. It offers a 

comprehensive examination of multiple tumour types (acromegaly, 

Cushing's disease, and prolactinoma) and various cardiovascular 
outcomes, allowing for a broad understanding of the cardiovascular 

burden.” 

 

Consecutive, random selection of patients from the endocrine pathology 

consultation with pituitary tumours 

Study size 10 Explain how the 

study size was 

arrived at 

Página 12: A total of 257 functional pituitary tumours that underwent 

surgery (137 cases of acromegaly, 94 cases of Cushing's disease and 26 

cases of prolactinoma) were analysed, including 181 women (average age 

of 59.7 ± 14.6 years) and 76 men (average age of 56.9 ± 14.3 years). 

Quantitative 

variables 

11 Explain how 

quantitative 

variables were 

handled in the 

analyses. If 

applicable, 

describe which 

Página 11: Descriptive statistics were used to summarise patient 

characteristics and cardiovascular outcomes. Continuous variables were 

expressed as means ± standard deviations or medians with interquartile 

ranges, depending on the distribution. Categorical variables were 

presented as frequencies and percentages. Comparisons between tumour 

types were made using appropriate statistical tests (e.g., chi-square test for 

categorical variables, t-test or Mann–Whitney for continuous variables). 
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groupings were 

chosen and why 

All tests were one-sided, and a p-value <0.05 was considered statistically 

significant. 
 

Statistical methods 12 (a) Describe all 

statistical 

methods, 

including those 

used to control 

for confounding 

Página 11: “Comparisons between tumour types were made using 

appropriate statistical tests (e.g., chi-square test for categorical variables, 

t-test or Mann–Whitney for continuous variables). All tests were one-

sided, and a p-value <0.05 was considered statistically significant. 

 

Página 12: “normality was assessed by the Shapiro-Wilk and 

Kolmogorov-Smirnov test, which showed differences between groups, so 

the non-parametric test, Kruskal-Wallis, was used for analysis by tumour 
subtype), which revealed a median duration of 12 years (range 1-48 years) 

for acromegalic patients, 10 years for patients with Cushing's disease 

(range 2-38 years) and 17 years for prolactinoma (range 6-35 years).” 

(b) Describe any 

methods used to 

examine 

subgroups and 

interactions 

 

 

(c) Explain how 

missing data 

were addressed 

All patients with missing information were excluded from the study 

(d) If applicable, 

explain how loss 

to follow-up 

was addressed 

 

(e) Describe any 

sensitivity 

analyses 

 

Results 
 

Participants 13* (a) Report 

numbers of 

individuals at 

each stage of 

study—eg 

numbers 

potentially 

eligible, 

examined for 

eligibility, 

confirmed 

eligible, 

included in the 

study, 

completing 

follow-up, and 

analysed 

Página 12: “A total of 257 functional pituitary tumours that underwent 

surgery (137 cases of acromegaly, 94 cases of Cushing's disease and 26 

cases of prolactinoma) were analysed” 

 

 



51 
 

(b) Give reasons 

for non-

participation at 

each stage 

All patients with missing information were excluded from the study 

(c) Consider use 

of a flow 

diagram 

 

Descriptive data 14* (a) Give 

characteristics 

of study 

participants (eg 

demographic, 

clinical, social) 

and information 

on exposures 

and potential 

confounders 

Página 10: “We conducted a comprehensive review of medical records 

from Coimbra Local Health Unit for patients diagnosed with functioning 

pituitary tumours between 14/07/1986 and 09/01/2024.” 

 
Página 12: “A total of 257 functional pituitary tumours that underwent 

surgery (137 cases of acromegaly, 94 cases of Cushing's disease and 26 

cases of prolactinoma) were analysed, including 181 women (average age 

of 59.7 ± 14.6 years) and 76 men (average age of 56.9 ± 14.3 years). Of 

the female study population, 90 had acromegaly (65.7% of all acromegaly 

patients analysed), 79 had Cushing's disease (84% of all Cushing's disease 

patients analysed), and 12 had prolactinoma (46.2% of all prolactinoma 

patients analysed). Of the male study population, 47 had acromegaly 

(34.3% of all acromegaly patients analysed), 15 had Cushing's disease 

(16% of all Cushing's disease patients analysed), and 14 had prolactinoma 

(53.8% of all prolactinoma patients analysed). We also characterised for 
age at diagnosis for each tumour subtype (45.3 ± 13.7 for acromegalia; 

41.9 ± 14.0 for Cushing disease and 41.4 ± 14.2 for prolactinoma), 

duration of disease (normality was assessed by the Shapiro-Wilk and 

Kolmogorov-Smirnov test, which showed differences between groups, so 

the non-parametric test, Kruskal-Wallis, was used for analysis by tumour 

subtype), which revealed a median duration of 12 years (range 1-48 years) 

for acromegalic patients, 10 years for patients with Cushing's disease 

(range 2-38 years) and 17 years for prolactinoma (range 6-35 years).” 

(b) Indicate 

number of 

participants with 

missing data for 

each variable of 

interest 

 

 

 

(c) Summarise 

follow-up time 

(eg, average and 

total amount) 

Página 10: “between 14/07/1986 and 09/01/2024” 

Outcome data 15* Report numbers 

of outcome 

events or 

summary 

measures over 

time 

Página 8: “Cerebrovascular and cardiovascular disease occurred in 10.9%, 

8.5%, and 3.8% of patients with acromegaly, Cushing's disease and 

prolactinoma, respectively. Significant differences were found in the 

prevalence of diabetes/pre-diabetes (p=0.008) and hypertension (p=0.045) 

among tumour types – higher in patients with acromegaly and Cushing’s 

disease and lower in patients with prolactinomas. Dyslipidaemia was 

highly prevalent across all groups. In acromegaly, patients diagnosed after 

50 years had higher rates of diabetes, cerebrovascular and cardiovascular 

disease and hypertension. Cushing's disease patients diagnosed after 50 

years had significantly higher rates of hypertension and dyslipidaemia. 
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Disease duration and tumour control status showed no correlation with 

cardiovascular outcomes. Patients with Cushing's disease who did not 

achieve remission postoperatively had more cardiovascular and 

cerebrovascular events (p=0.002).” 
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Main results 16 (a) Give unadjusted estimates and, if 

applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence 

interval). Make clear which confounders 

were adjusted for and why they were 

included 

Página 8: “Cerebrovascular and cardiovascular disease 

occurred in 10.9%, 8.5%, and 3.8% of patients with 

acromegaly, Cushing's disease and prolactinoma, 

respectively. Significant differences were found in the 

prevalence of diabetes/pre-diabetes (p=0.008) and 

hypertension (p=0.045) among tumour types – higher 

in patients with acromegaly and Cushing’s disease and 

lower in patients with prolactinomas. Dyslipidaemia 

was highly prevalent across all groups. In acromegaly, 

patients diagnosed after 50 years had higher rates of 

diabetes, cerebrovascular and cardiovascular disease 

and hypertension. Cushing's disease patients 

diagnosed after 50 years had significantly higher rates 

of hypertension and dyslipidaemia. Disease duration 

and tumour control status showed no correlation with 

cardiovascular outcomes. Patients with Cushing's 

disease who did not achieve remission postoperatively 

had more cardiovascular and cerebrovascular events 

(p=0.002).” 

 

(b) Report category boundaries when 

continuous variables were categorized 

 

(c) If relevant, consider translating estimates 

of relative risk into absolute risk for a 

meaningful time period 

Not applicable in the context of this study 

Other analyses 17 Report other analyses done—eg analyses of 

subgroups and interactions, and sensitivity 

analyses 

Página 12 e 13: “ For each subtype of tumour, we 

assessed the relationship between cardiovascular 

events and years of disease duration, divided into 

subgroups (<5 years duration, 5-10 years, 10-15 years, 

15-20 years, >20 years , as well as for age above and 

below the cut-off point (<5/>5 years, <10/>10 years; 

<15/>15; <20/>20 years), tumour activity status (in 

remission, controlled with medical 

therapy/radiotherapy, not controlled despite medical 

therapy/radiotherapy), age at diagnosis before or after 

50 years, post-operative remission and use of post-

operative medical therapy. This data can be found in 

the supplementary tables 1-25.” 

” 

Discussion 
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Key results 18 Summarise key results with reference to 

study objectives 

Página 8: “Patients with functioning pituitary tumours 

demonstrate a high cardiovascular burden even after 

tumour control. The impact varies among tumour 

types. In patients with Cushing's disease, remission in 

the immediate postoperative period is associated with 

fewer cardiovascular and cerebrovascular events. 

These findings highlight the need for long-term 

cardiovascular monitoring and management in these 

patients, regardless of tumour control status.” 

Limitations 19 Discuss limitations of the study, taking into 

account sources of potential bias or 

imprecision. Discuss both direction and 

magnitude of any potential bias 

Página 18: “However, the study also has limitations. 

Its retrospective design may be subject to selection 

bias and incomplete data, e.g., lack of a prospective 

protocol to evaluate the cardiovascular system in these 

patients. As a single-centre study, the data's 

generalisability to other populations or healthcare 

settings may be limited. The uneven distribution of 

tumour types (137 acromegaly cases, 94 Cushing's 

disease cases, but only 26 prolactinoma cases) may 

affect the statistical power for comparisons between 

tumour types. The lack of a healthy control group 

makes it difficult to determine the excess 

cardiovascular risk attributable to pituitary tumours. 

The study may not have accounted for all potential 

confounding factors that could influence 

cardiovascular outcomes. While it examined post-

operative remission and medical therapy, the analysis 

of specific treatment modalities and their impact on 

cardiovascular outcomes was limited.” 

 

Interpretation 20 Give a cautious overall interpretation of 

results considering objectives, limitations, 

multiplicity of analyses, results from similar 

studies, and other relevant evidence 

Página 18: “Pituitary tumours have a significant 

cardiovascular impact, which differs depending on the 

type of tumour. This study shows that biochemical 

control may not be sufficient alone to reduce risk 

factors and cardiovascular events in this patient 

population and that strict control of cardiovascular risk 

factors is necessary regardless of the degree of disease 

activity. In patients with Cushing's disease, achieving 

biochemical remission in the immediate postoperative 

period was associated with a lower risk of 

cardiovascular and cerebrovascular events in these 

patients. 

Generalisability 21 Discuss the generalisability (external 

validity) of the study results 

Página 18: “As a single-centre study, the data's 

generalisability to other populations or healthcare 

settings may be limited. The uneven distribution of 

tumour types (137 acromegaly cases, 94 Cushing's 

disease cases, but only 26 prolactinoma cases) may 

affect the statistical power for comparisons between 
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*Give information separately for exposed and unexposed groups. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background 

and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this 

article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal 

Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE 

Initiative is available at http://www.strobe-statement.org. 
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tumour types. The lack of a healthy control group 

makes it difficult to determine the excess 

cardiovascular risk attributable to pituitary tumours” 

Other information 

Funding 22 Give the source of funding and the role of the 

funders for the present study and, if 

applicable, for the original study on which 

the present article is based 

Página 19: “This study was not supported by any 

sponsor or funder.” 
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Abstract 1 

A short Abstract should summarize the main points and reflect the content of the article. It 2 

should be written in a clear and concise way and be structured using the following 3 

subheadings: Introduction, Methods, Results, and Conclusion. Abbreviations used in the 4 

main text may be introduced and used. Use neither bibliographic references nor references 5 

to figures or tables in the Abstract. 6 

7 
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Introduction 8 

The Introduction should provide a summary of the background to the relevant field of 9 

research and the specific problems addressed and should state the hypotheses being 10 

explored as well as the main goal(s) of the study. Conclusions or findings should not appear 11 

in the Introduction. 12 

Methods 13 

The Methods section should clearly list all inclusion and exclusion criteria, methods of 14 

research, and variables evaluated and should state how outcomes were assessed. All terms 15 

should be adequately defined and statistical information should be sufficiently detailed so that 16 

a study can be repeated. If your manuscript is a clinical trial, please provide the clinical trial 17 

number.  18 

Results 19 

The Results section should describe the most important findings of the study, analysis, or 20 

experiment. The most important results should be indicated, and relevant trends and patterns 21 

should be described. 22 

Discussion 23 

The Discussion should provide an evaluation of the results. There should be a clear 24 

discussion of the implications, significance, and novelty of the results presented and whether 25 

the data support or contradict previous studies. A final conclusion may be added.  26 

27 
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Statements 28 

All papers must contain the following statements after the main body of the text and before 29 

the reference list. More detailed information can be found at Publication Ethics and Editorial 30 

Policies | Karger Publishers. 31 

 32 
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Funding Sources.  37 

 38 

Statement of Ethics 39 

Please address the following aspects in your Statement of Ethics.  40 

Study approval statement: Provide name and affiliation of the committee who 41 

approved the study and the decision reference number. An example statement can be found 42 

here: "This study protocol was reviewed and approved by [committee name and affiliation], 43 

approval number [XXX]." If ethics approval was not required, or if the study has been granted 44 

an exemption from requiring ethics approval, this should also be stated, including the name 45 

of the ethics committee who made that decision.  46 

Consent to participate statement: For studies using human participants, state whether 47 

written informed consent was obtained from participants (or their parent/legal guardian/next 48 

of kin) to participate in the study. If written informed consent was not required, or if the study 49 

has been granted an exemption from requiring written informed consent, this should also be 50 

stated, including the name of the ethics committee who made that decision.  51 
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execution and analysis, and manuscript conception, planning, writing and decision to publish. 65 

If the sponsor or funder had no role in any of the above, please use the following statement: "The 66 
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Interest Statement. It is strongly advised to write out the funding body in full and add the 69 

grant number in brackets. Multiple grant numbers should be separated by commas and 70 

spaces. If no funding was received for the study, please use the following statement: "This study was not 71 

supported by any sponsor or funder." 72 

 73 
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whether data are available and where they can be found. The journal’s data sharing policy 82 
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References in the text should be identified sequentially using Arabic numerals [in square 

brackets].  

The reference list should include only those publications which are cited in the text, arranged 

numerically in the order in which they are cited. More information and examples can be found 

on the Author Guidelines of the respective journal. 



Figure Legends 

Fig. 1. Legend text. 

Fig. 2. Legend text. 

 

Figures should be mentioned in the manuscript text as follows:  

Without round brackets: 

“…shown in Figure 1…” or “…shown in Figures 1 and 4…” or “…shown in Figures 2–

6…” always with capital letters and written out.  

 

With round brackets: 

“(shown in Fig. 1)” or “(shown in Fig. 1, 4)” or “(shown in Fig. 2–6)”, always 

abbreviated as “Fig.” followed by the number or numbers after a full stop and a 

space.  

 

In the Legend: 

“Fig. 1.” or “Fig. 1. a”, always abbreviated as “Fig.” followed by the number after a full 

stop and a space  

 

Please note that the actual figures and all tables should be uploaded as separate 

items in their original file format.  
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