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ABSTRACT 

 

Objective: Recent studies questioned the reversibility of complications of Cushing’s syndrome (CS) after 

successful surgical treatment. Aim of the study was to assess the outcome of patients with CS who achieved 

disease remission compared to those patients with persistent hypercortisolism and matched controls. 

Design: Retrospective study of 75 patients with CS followed at an academic center. 

Methods: Cardiovascular risk profile was evaluated in 51 patients with CS in remission (group 1) and 24 

patients with persistent disease (group 2) and compared with 60 controls. Mortality of patients with CS was 

compared to background population. 

Results: In group 1, the frequency of cardiovascular risk factors dropped after disease remission even if 

remained higher at the last follow up than in control group. In group 2, the frequency of cardiovascular risk 

factors remained unchanged during follow up. Cardiovascular and thromboembolic events rate was higher 

in group 2 than in group 1, as was mortality rate (2 deaths in group 1 and 9 in group 2; ratio of SMR, 0.11; 

95% C.I., 0.011- 0.512). Survival was significantly longer in group 1 than group 2 (87 months, 80-98 vs. 48 

months, 38-62; p<0.0001). 
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Conclusions: Successful surgical treatment of hypercortisolism improves significantly cardiovascular risk and 

may reduce mortality rate. Patients with persistent disease have increased morbidity and mortality than 

patients in remission.  



INTRODUCTION 

 

Endogenous hypercortisolism may have severe consequences and cause a number of complications, 

including obesity, hypertension, hyperglycemia, dyslipidemia and thrombophilia (1-4). Cushing’s syndrome 

is indeed considered as an archetype of the metabolic syndrome (5) since insulin resistance and the 

accompanying spectrum of clinical features may occur in about two thirds of patients (1,2,6). Thus, it is not 

surprising that chronic glucocorticoid excess does significantly affect quality and duration of life (7), 

primarily for cardiovascular disease causing a two to four-fold increase in mortality compared to the 

general population (8-13). The evidence that Cushing’s syndrome is associated with an increased mortality 

calls for an early diagnosis and prompt cure of hypercortisolism (14). However, diagnosis is often delayed 

because the clinical phenotype of hypercortisolism overlaps that of the metabolic syndrome (1,3,4,15) 

since the so-called specific Cushingoid features are slight or lacking in many patients, particularly when the 

entity of cortisol excess is mild (16,17). This is an issue of particular relevance, since mild Cushing’s 

syndrome may be more common than previously thought, especially among patients with type 2 diabetes 

and metabolic syndrome (18,19,20). In addition, recent studies questioned the reversibility of 

complications due to hypercortisolism after its surgical treatment (2,21,22,23,24). These findings suggest 

that an increased cardiovascular risk may persist despite successful treatment of cortisol excess influencing 

negatively health outcomes in patients who have suffered from Cushing’s syndrome. 

The aim of this study was to investigate the outcome of patients with Cushing’s syndrome of benign 

etiology after attainment of disease remission compared to patients with persistent hypercortisolism and 

background population. 

 



SUBJECTS and METHODS 

 

Patients 

This retrospective study includes and analyses data of patients suffering from endogenous Cushing’s 

syndrome (CS) who have been followed by our institution, a university referral centre for endocrine 

diseases. All these data were retrieved by medical records from January 1991 through December 2010. 

Follow up for this report ended in December 2011. A total of 92 patients with CS of benign etiology were 

identified. Among these, 1 patient with pituitary-dependent CS died within few months from the diagnosis 

and was excluded, 1 was on dialysis and was also excluded, while 15 patients were lost to follow-up (Figure 

1). The excluded ones were 4 men and 13 women, with a median age of 68 years (range, 58-75 years). 

Etiology of CS was pituitary-dependent in 13 cases, adrenal-dependent in 4 cases. The study cohort 

included 75 patients, of whom 50 (67%) with pituitary-dependent CS (CD), 19 (25%) with adrenal-

dependent CS (ACS), and 6 (8%) with ectopic ACTH syndrome (EAS) caused by a benign neuroendocrine 

tumour (3 differentiated neuroendocrine tumors, 3 occult ectopic). CD was due to a pituitary 

microadenoma in all but one case. Among the study patients, 51 (68%) achieved remission of 

hypercortisolism while 24 (32%) had persistent disease (Figure 1). 

The diagnosis of CS was based on clinical features and endocrine workup according to a standard protocol 

validated at our university centre (25). Diagnosis of CS was made in presence of at least 2 of the following 

findings: 1) increased daily urinary free cortisol (UFC) excretion, 2) failure to suppress cortisol after 1 mg 

overnight dexamethasone suppression test (1 mg-DST), 3) elevated midnight serum or salivary cortisol 

(MSC). Cut off values of these tests have been previously reported (26). The differential diagnosis of CS 

among CD, EAS and ACS was made on the basis of ACTH levels, overnight 8-mg dexamethasone suppression 

test (HDDST), corticotrophin-releasing hormone (CRH) stimulation test, and appropriate imaging studies 

depending on the results of hormonal workup, according to a standard protocol validated at our center 

(27). Bilateral inferior petrosal sinus sampling for ACTH measurement was performed in patients with 



ACTH-dependent CS in whom clinical, biochemical and radiological studies were discordant or equivocal. 

Published criteria for central to peripheral ACTH gradients were used to diagnose a non-pituitary source of 

ACTH (28). None of the patients had been given  any drug known to affect the hypothalamic-pituitary-

adrenal axis, neither reporting a current or previous history of either alcohol abuse or major mood 

disorders requiring psychiatric assistance. Diagnosis of CD has been confirmed by pathological findings 

and/or post-operative biochemical evidence of hypoadrenalism, or longstanding normalization of UFC, MSC 

and 1 mg-DST in all but 6 patients who did not undergo surgery and in whom diagnosis was based on 

results of dynamic tests, imaging and IPSS. Diagnosis of ACS was histologically confirmed in all but 3 

patients who refused surgery, in whom it was based on hormonal and imaging data. Diagnosis of EAS was 

histologically confirmed in 3 patients (bronchial neuroendocrine tumor), while the ACTH-secreting tumor 

remained occult in 3 patients, in whom the diagnosis was based on results of dynamic tests and IPSS.  

Patients were studied at diagnosis and then entered a program of proactive follow-up for at least 12 

months. Duration of hypercortisolism was considered in the period of time between the date of diagnosis 

and that of surgery, when remission of hypercortisolism was attained, or date of the last follow-up for 

patients who did not attain remission. This definition underestimates the actual duration of 

hypercortisolism, since it does not take into account a variable delay in diagnosis which is difficult to assess 

precisely in a retrospective analysis. Remission of CS was defined by resolution of cushingoid signs along 

with post-operative adrenal insufficiency or normalization of all hormonal tests including suppression of 

cortisol <50 nmol/l after a 1 mg-DST. Based on the above mentioned criteria, 51 patients were considered 

to be in remission at the last follow-up (group 1), while 24 patients had persistent hypercortisolism (group 

2). Sixty patients with pituitary incidentaloma were also included in the study as controls. Patients in 

disease remission (group 1) were younger than either patients with persistent disease (group 2) (39.6 ± 

15.6 yrs vs 54.2 ± 16.3 yrs, p=0.001) or controls (group 3) (39.6 ± 15.6 yrs vs 48.2 ± 14.4 yrs, p=0.009). The 

institutional review board approved the study and all patients gave their informed consent in order to take 

part in the study. 

 



Group 1 (patients in disease remission) (Figure 1)  

This group included 51 patients in remission at the last follow-up, 10 men (20%) and 41 women (80%) aged 

between 14 and 72 years (median, 36). Of these, 33 patients had CD (65%), 15 had ACS (29%), of whom 11 

adrenal adenoma and 4 ACTH-independent macronodular adrenal hyperplasia (AIMAH), and 3 had EAS (6%) 

sustained by a bronchial benign neuroendocrine tumor. Median duration of follow-up after remission was 

56.5 months (range, 12-192). Median duration of hypercortisolism was 6 months (range 1-67). All patients 

with CD underwent transsphenoidal surgery; 9 patients required a second surgery and 8 nedeed also 

bilateral adrenalectomy. Two CD patients underwent pituitary radiotherapy and only 2 patients underwent 

medical treatment with ketoconazole or cabergoline for a short period before surgical treatment. Median 

duration of steroid replacement was 12.5 months (range, 1-192). Steroid replacement was done with 

cortisone acetate at the starting dose of 25 mg/m2 . The dose was then down-titrated based on clinical 

presentation, biochemistry and serum cortisol measurement. Among the ACS patients, 11 required 

monolateral adrenalectomy and 4 bilateral adrenalectomy. The patients with EAS underwent resection of 

the ACTH-secreting tumor.    

 

Group 2 (patients with persistent disease) (Figure 1) 

This group included 24 patients with active hypercortisolism at the last follow-up, 7 men (29 %) and 17 

women (71%), aged between 26 and 79 years (median, 60). Seventeen of these had CD (71%), 4 ACS (17%) 

due to ACTH-independent macronodular adrenal hyperplasia and 3 EAS (12 %) due to occult ACTH secreting 

tumor. Median duration of follow-up (and hypercortisolism) was 24 months (range 12-201). Among those 

patients with CD, 11 underwent transsphenoidal surgery (surgery was repeated 3 times in 1 patient and 2 

times in 1), while the remainders did not consent to surgery (n=5) or were not fit to surgery (n=1). After 

surgical failure, 8 patients had been treated with medical therapy, 1 with gamma knife radiosurgery, while 

2 of them refused further treatment. The 6 CD patients who did not undergo surgery were treated with 

ketoconazole that was discontinued in 5 patients for unwanted effects. The patients with ACS refused 



bilateral adrenalectomy (monolateral adrenalectomy was done in 1 patient) and two of them were treated 

with ketoconazole. The 3 patients with occult EAS underwent medical therapy (ketoconazole plus 

somatostatin analog).  

 

Group 3 (control subjects) 

This group included 60 patients with non-functioning pituitary microadenoma discovered serendipitously 

(pituitary incidentaloma) referred to the outpatient clinic of our institution during the period 2000-2010. 

They underwent MRI for headache or vertigo. Pituitary function was normal in these patients who served 

as controls to determine hypertension, diabetes and obesity frequency in a background population. They 

were 15 men (25%) and 45 women (75%), aged between 18 and 80 years (median, 49).  



Study protocol 

 

Clinical evaluation 

For all subjects, weight, height, body mass index (BMI), systolic blood pressure (SBP) and diastolic blood 

pressure (DBP) were evaluated. A BMI of 25–30 kg/m2 was considered as an index of overweight; a BMI 

above 30 kg/m2 was considered as an index of obesity (29). The waist was measured as the minimum 

abdominal circumference between the xiphoid process and the umbilicus; waist above 88 cm in women 

and 102 cm in men defined central obesity (30,31). According to the ESH and ESC 2007 guidelines (32), 

blood pressure was measured in the non-dominant arm, with subjects in a relaxed sitting position, using a 

mercury sphygmomanometer placed at heart level; the average of three measurements was calculated. 

Hypertension was diagnosed when SBP values were ≥140 mmHg and/or DBP ≥90 mmHg, or whether anti-

hypertensive treatment was instituted, and was graded according to the ESH and ESC 2007 guidelines (32).  

Cardiovascular events, defined as myocardial infarction, unstable angina, ischemic stroke, transient 

ischemic attack (TIA) or other arterial thromboembolic events, were ascertained by reviewing patients’ 

history, discharge summaries and source documents; complementary documentation was requested if 

necessary. Venous thromboembolic events, defined as deep vein thrombosis or pulmonary embolism were 

ascertained using the same method.  Smoking status was defined as positive if patients were current or 

former smokers while only occasionally consumption of alcoholic beverages was reported in some patients. 

 

Biochemical evaluation 

Fasting glucose, triglycerides, total, LDL, and HDL cholesterol were measured by standard procedures. 

Diabetes mellitus was diagnosed when fasting blood glucose levels were 7 mmol/l or greater in two 

consecutive determinations or at least 11.1 mmol/l 2 h after an oral glucose load. Impaired fasting glucose 

(IFG) was diagnosed when fasting glucose was between 6.1 mmol/l and 7 mmol/l in at least 2 samples 



collected in different days (33,34). Hypertriglyceridemia was diagnosed when triglyceride levels were above 

1.69 mmol/l, whereas hypercholesterolemia was diagnosed when LDL cholesterol levels were above 4.13 

mmol/l and low HDL when HDL cholesterol levels were under  1.03 mmol/l (30,31) .  

Hormones were measured in-house with commercially available reagents. All samples for an individual 

subject were batched and run in duplicate. Serum, salivary and urinary cortisol were measured using 

commercially available RIAs. Plasma ACTH was measured by commercially available immunoradiometric 

assays. Intra- and interassay coefficients of variation for all hormone variables were less than 10% and 15%, 

respectively. 

Clinical, biochemical and hormonal assessment was performed at diagnosis and every six months during 

follow-up. Death certificates and medical records verified death causes. 

 

Statistical analysis  

Descriptive analysis were performed for categorical and continuous data. When data are expressed as 

percent values, these refer to valid cases. Kolmogorov–Smirnov test was used to assess normal distribution 

of continuous variables.  Parametric two-tailed Student’s t-test and non parametric Mann–Whitney U test 

were used to analyse the differences for normally and non-normally distributed continuous variables, 

respectively. The Chi-square and Fisher’s exact test were used to analyse the differences for categorical 

variables. Levels of statistical significance were set at P<0.05. 

Standardized mortality ratios (SMR) and relative 95% confidence intervals (95% CI) were calculated for 

group 1 and group 2 using mortality data of the general population of our region, Piedmont counting about 

4.5 million inhabitants, as reference (Banca Dati Demografica Evolutiva -Regione Piemonte 

http://www.regione.piemonte.it/stat/bdde/info/principi.htm). In order to compare mortality between 

groups, the ratio of the two SMRs (RSMR) and relative 95% CI was computed (35).  



Survival analysis was performed using Kaplan Meier curves and relative Log-Rank tests. A Cox model was 

carried out to adjust the results for the principal confounding factors. 

All statistical analysis were operated using the Stata statistical software (StataCorp. Statistical Software: 

Release 7.0. College Station, TX: Stata Corporation. 2001).  



RESULTS 

 

Group 1 (disease remission) 

Clinical characteristics of the patients either at diagnosis or at the time of last follow-up are given in Table 

1. In this group, 1 deep vein thrombosis, and 3 cardiovascular events (1 unstable angina requiring 

percutaneous transluminal coronary angioplasty and 2 myocardial infarctions) occurred before diagnosis of 

Cushing. Furthermore, 1 patient had deep vein thrombosis while awaiting surgery, while 1 stroke and 1 

pulmonary embolism were recorded in the early post-operative period. After remission, 1 patient had 

myocardial infarction and 1 pulmonary embolism. Two patients died of colorectal and gallbladder cancer, 

respectively; 10 patients (19.6%) developed hypopituitarism. Pituitary deficiencies underwent hormone 

replacement according to the existing protocols available at the time. All the patients had TSH deficiency 

and were put on 75-100 mcg/d l-thyroxine, two hypogonadal men were given 250 mg testosterone 

enanthate IM every two weeks and two women were on transdermal estrogen plus oral progesterone. 

Moreover, five patients were put on recombinant growth hormone replacement therapy at doses ranging 

from 0.02 to 0.05 mg/kg/week. None of the patients developed clinical or biochemical signs of under- or 

over-replacement.  

 

Group 2 (active disease) 

Clinical characteristics of the patients either at diagnosis or at the time of last follow-up are given in Table 1 

and Table 2. In this group, 1 cardiovascular event and 1 thromboembolic venous event were observed 

before the diagnosis. During follow-up, 4 myocardial infarctions, 1 stroke, 1 deep vein thrombosis and 1 

pulmonary embolism were observed. Nine patients (37%) died, of whom 4 from cardiovascular events, 3 

from sepsis, 2 from malignancies. Three patients who underwent pituitary surgery developed TSH 

deficiency (14%) and were put on 75-125 mcg/d l-thyroxine. Primary hypogonadism was diagnosed in 2 



men who were treated with testosterone replacement therapy (250 mg testosterone enanthate IM every 

two weeks).  

 

 

Changes in cardiovascular risk factors and mortality 

In group 1, the frequency of all cardiovascular risk factors dropped significantly after disease remission and 

the percentage of patients achieving target levels for blood pressure and HbA1c increased remarkably 

(Table 1). However, the frequency of diabetes, central obesity and dyslipidemia at the last follow-up 

remained higher than in the control group (Table 1). In group 2, the frequency of cardiovascular risk factors 

did not change, or increased, from baseline to the last follow-up remaining greater than that of controls 

(Table 1). The percentage of patients achieving target levels for blood pressure and HbA1c did not change 

remarkably during follow-up (Table 1).  

The rate of cardiovascular and thromboembolic events during follow-up was higher in group 2 than in 

group 1 (29.2% vs. 3.9%; p=0.006), notwithstanding that duration of follow-up was longer for group 1. 

Death was observed in 9 patients (37%) of group 2 (SMR = 2.56; 95% C.I., 0.76 - 3.06), of whom 7 were from 

causes possibly related to cortisol excess, and in 2 patients (4%) of group 1 (SMR = 0.28; 95% C.I., 0.13 - 

2.22) for unrelated causes. Assessment of the ratio of the 2 SMRs confirmed the reduced mortality risk in 

patients attaining disease remission (RSMR = 0.11; 95% C.I., 0.011- 0.512). 

The survival analysis demonstrated a median survival of 87 months (95% C.I., 80-98 months) in group 1 and 

48 months (95% C.I., 38-62 months) in group 2, respectively. Kaplan Meier curves showed a difference 

between groups for all follow-up time, with a survival probability at the end of follow-up of 75% in group 1 

and 48% in group 2, respectively (Log-Rank test=17.96, p<0.0001) (Figure 2). The results of the mortality 

ratio and the survival probability continue to show a statistically significant difference between the groups 

after adjustment for age and sex. 



 DISCUSSION 

 

Chronic hypercortisolism causes a number of associated features, such as hypertension, central obesity, 

hyperglycemia, dyslipidemia, thrombophilia, that determine an elevated cardiovascular risk (1). The 

present study confirms that central obesity and hypertension are the most frequently observed 

complications, being found in 82% and 63% of patients at diagnosis, respectively. In our cohort, 

hypertension was usually slight to moderate, but often resistant to treatment, since only 44% of patients 

had blood pressure at target. Dyslipidemia was also common, presenting as reduced HDL cholesterol and 

mixed dyslipidemia in most cases. Overt diabetes was found in 27% of patients with target HbA1c levels 

attained in about one third only. These observations fit completely with the clinical presentation reported 

by ERCUSYN (European Register on Cushing´s Syndrome), a large European database including 481 patients 

of different etiologies (36). The clustering of multiple cardiovascular risk factors observed in the majority of 

our patients, as it is usual for Cushing’s syndrome (2), may confer a high probability of future cardiovascular 

events. However, in Cushing’s syndrome the risk profile is not explained completely by the conventional 

risk factors but also by disease-specific factors that are still inadequately defined and partly related to a 

hypercoagulable state (37-39). 

Interestingly, these risk factors reverted following remission of hypercortisolism in a significant number of 

patients; thus, on average, surgical cure was able to abate significantly the cardiovascular risk of Cushing 

patients. Conversely, in patients with persistently active Cushing the overall cardiovascular risk remains 

unchanged. Furthermore, lower frequency of cardiovascular and venous thromboembolic events was 

recorded in patients who underwent remission compared to those patients with persistently active disease, 

as a clear demonstration of benefit of resolved hypercortisolism. These findings are consistent with a 

cortisol-induced activation of coagulation and demonstrate the beneficial effects that can be attained with 

elimination of hypercortisolism (2, 37-40). However, our data confirm that risk of venous thromboembolic 

events is not limited to the early post-operative period (3).  



In our cohort, the benefits of surgery were more apparent than previously reported in two series of 25 and 

29 patients, respectively, assessed 1 year following remission (22,24). We observed normalization of body 

weight, blood pressure and lipid levels in higher percentages of cases, whereas figures for diabetes were 

similar. It is possible that a progressive improvement in the metabolic profile may develop with a longer 

follow-up after resolution of hypercortisolism (41), although there are studies showing that cardiovascular 

risk remains high after many years (7, 13, 21). Improvement may require time particularly in patients given 

postoperative replacement. Duration of glucocorticoid replacement might be long (the median was 12.5 

months in our cohort) and some patients in the previous series were still on replacement at the time of 

assessment (22,24). This condition may contribute to the residual cardiovascular risk since it is known that 

conventional glucocorticoid replacement may induce metabolic alterations in hypopituitaric patients, even 

if it has received scarce attention (42).  

Some patients refused surgical treatment although it has been strongly recommended for all of them, in 

particular when bilateral adrenalectomy was considered (i.e. in case of AIMAH.)  An incomplete compliance 

with surgical recommendations has been already observed. Only 66% of CD patients studied by Yaneva et 

al. underwent TSS as first line treatment, and 36%  of patients with AIMAH refused surgery (43). 

Other factors predicting a worse outcome after surgery are the use of pituitary radiotherapy, that is a 

known risk factor of mortality in patients with pituitary tumors (44), and development of pituitary hormone 

deficiencies, that also portends increased mortality. Treatment of hypopituitarism is a major clinical 

problem and replacement therapies may per se worsen the cardiovascular risk profile (42). In our cohort, 

pituitary radiotherapy was rarely used and pituitary deficiency less frequently observed than in previous 

series (13, 22, 24). The incidence/frequency of hormone deficiencies was comparable between patients in 

remission or with disease persistence, as was the modality of replacement. The number of patients is too 

small to assess the contribution of replacement therapies to patient’s outcome. It is pertinent to consider 

that studies showing persistence of metabolic and cardiovascular damage have included only patients with 

pituitary-dependent Cushing (13, 22,23) and, as Giordano and coworkers (24) nicely pointed out, such 



patients may be characterized  by a less favorable outcome than patients with cortisol secreting adrenal 

adenoma for the above-mentioned considerations.  

After normalization of cortisol excess, all the risk factors returned to a level comparable to control subjects, 

apart from obesity and triglyceridemia (which may itself relate directly to central obesity), as previously 

observed (23, 24, 41). The comparison with a control group including patients who had to seek medical 

advice is a more appropriate match than normal volunteers, to avoid the healthier comparator bias, and 

strengthens the value of observing a residual cardiovascular risk. Although analyses have been adjusted for 

the age difference, we disclose as a  limit group 1 patients younger age. Older age implies, obviously, a 

higher risk of death and may be associated with a reduced probability to get into remission (13, 43, 45).  In 

our study, patients with persistent disease showed increased mortality than patients in remission, whose 

mortality rate was comparable to the reference population, despite the fact that their cardiovascular risk 

was not completely normalized following resolution of hypercortisolism. However, we should be cautious 

concluding that successful treatment of hypercortisolism restores mortality risk to the level of the 

reference population. In this case, a longer follow-up may be needed to unmask a slight rise in mortality 

rate due to residual cardiovascular risk. Usually previous studies with longer follow-up date back to the 

sixties or seventies, when treatment of hypercortisolism was much different, particularly for the frequent 

use of pituitary radiotherapy, that is an independent predictor of morbidity and mortality (44).  

The issue whether cure of Cushing may reset excess mortality associated with the condition at levels 

observed in the background population remains controversial. A Danish survey showed that a higher 

mortality rate is confined to patients in whom cure was not achieved, whereas in patients free of disease it 

is comparable with the general population (8). In addition, a Dutch study confirmed a significant increase in 

standard mortality ratio only in CD patients with persistent disease (12). On the contrary, a survey in New 

Zealand showed that chronic cortisol excess is associated with excess mortality notwithstanding the high 

number of patients who achieved cure during follow-up (11). A single-center study leaded in UK confirmed 

that the higher death risk of CD does not completely revert to normal level after resolution of 

hypercortisolism. However, patients with disease remission had a far better outcome than those ones with 



persistence of hypercortisolism (10).  A recent contribute to this conflicting topic is a population-based 

study showing that successful surgery does not normalize cardiovascular and mortality risk in a cohort of 

operated patients only (13). 

This existing discrepancy may be explained by a number of factors, such as low number of observed deaths, 

variable duration of follow-up, heterogeneous inclusion criteria (i.e. selection of CD patients only), different 

modalities of data extraction (national registries, institutional records, ect), and variable, and often unclear, 

definition of remission. A recent meta-analysis concluded that CD patients in remission do not appear to 

have an increased mortality than the reference population, although the statistical power of this analysis 

was limited (46). 

Strengths of our study are the inclusion of all patients with Cushing’s syndrome followed proactively at a 

single center, with a clear definition of disease remission and careful recording of cardiovascular and 

thromboembolic events. We think that population-based studies have the advantage of larger series but 

information on biochemical data and cure after surgery may not be so detailed as in reports of monocentric 

cohorts. However, we recognize the limits of a retrospective analysis of a small cohort size including 

different etiologies of Cushing. In this real life setting the two group presented different age (in favor of a 

possible increased cardiovascular risk in persistent Cushing patients) and follow-up, that does not influence 

the results since a greater number of  cardiovascular events and deaths occurred in the group of patients 

with a shorter follow-up. 

To conclude, our study shows that resolution of hypercortisolism  induces a significant improvement in a 

number of cardiovascular risk factors, such as hypertension, diabetes, obesity and dyslipidemia. Still, these 

conditions remain more evident than in control subjects in agreement with the concept of a residual 

cardiovascular risk after disease remission. These findings do not downplay the importance of attaining 

cure as quickly as possible and by no means make an argument against surgery, since in our series 

successful surgical treatment of hypercortisolism may reduce mortality rate. However, our study cannot 

demonstrate that mortality after cure is comparable to that of the reference population.  



 

 

Declaration of interest: The authors declare that there is no conflict of interest that could be perceived as 

prejudicing the impartiality of the research reported 

 

Funding: This research did not receive any specific grant from any funding agency in the public, commercial 

or not for-profit sector. 



REFERENCES 

1) Arnaldi G, Angeli A, Atkinson AB, Bertagna X, Cavagnini F, Chrousos GP, Fava GA, Findling JW, 

Gaillard RC, Grossman AB, Kola B, Lacroix A, Mancini T, Mantero F, Newell-Price J, Nieman LK, Sonino 

N, Vance ML, Giustina A & Boscaro M. Diagnosis and complications of Cushing's syndrome: a consensus 

statement. Journal of Clinical Endocrinology and Metabolism  2003  88 5593-5602 

2) Dekkers OM, Horváth-Puhó E, Jørgensen JO, Cannegieter SC, Ehrenstein V, Vandenbroucke JP, 

Pereira AM & Sørensen HT. Multisystem Morbidity and Mortality in Cushing's Syndrome: A Cohort Study. 

Journal of Clinical Endocrinology and Metabolism  2013 98 2277-2284.  

3) Boscaro M, Barzon L, Fallo F & Sonino N. Cushing’s syndrome. Lancet 2001 357 783–791 

4) Newell-Price J, Bertagna X, Grossman AB & Nieman LK. Cushing’s syndrome. Lancet 2006 367 

1605–1617 

5) Chanson P & Salenave S. Metabolic syndrome in Cushing's syndrome. Neuroendocrinology 2010 Suppl 

1 96-101. 

6) Pivonello R, Faggiano A, Lombardi G & Colao A. The metabolic syndrome and cardiovascular risk in 

Cushing’s syndrome. Endocrinology Metabolism Clinics of North America 2005 34 327–339 

7) Webb SM, Mo D, Lamberts SW, Melmed S, Cavagnini F, Pecori Giraldi F, Strasburger CJ, 

Zimmermann AG & Woodmansee WW; International HypoCCS Advisory Board. Metabolic, cardiovascular, 

and cerebrovascular outcomes in growth hormone-deficient subjects with previous cushing's disease or non-

functioning pituitary adenoma. Journal of Clinical Endocrinology and Metabolism  2010 95 630-638 

8) Lindholm J, Juul S, Jørgensen JO, Astrup J, Bjerre P, Feldt-Rasmussen U, Hagen C, Jørgensen J, 

Kosteljanetz M, Kristensen L, Laurberg P, Schmidt K & Weeke J. Incidence and late prognosis of cushing's 

syndrome: a population-based study. Journal of Clinical Endocrinology and Metabolism  2001 86 117-123. 

9) Etxabe J & Vazquez JA. Morbidity and mortality in Cushing's disease: an epidemiological approach. 

Clinical Endocrinology (Oxf) 1994 40 479-484. 

http://www.ncbi.nlm.nih.gov/pubmed/14671138
http://www.ncbi.nlm.nih.gov/pubmed/14671138
http://www.ncbi.nlm.nih.gov/pubmed/20829627
http://www.ncbi.nlm.nih.gov/pubmed/20022992
http://www.ncbi.nlm.nih.gov/pubmed/20022992
http://www.ncbi.nlm.nih.gov/pubmed/20022992
http://www.ncbi.nlm.nih.gov/pubmed/11231987
http://www.ncbi.nlm.nih.gov/pubmed/11231987
http://www.ncbi.nlm.nih.gov/pubmed?term=Etxabe%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8187313
http://www.ncbi.nlm.nih.gov/pubmed?term=Vazquez%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=8187313
http://www.ncbi.nlm.nih.gov/pubmed?term=extabe%20cushing##


10) Clayton RN, Raskauskiene D, Reulen RC & Jones PW. Mortality and Morbidity in Cushing’s Disease 

over 50 Years in Stoke-on-Trent, UK: Audit and Meta-Analysis of Literature. Journal of Clinical 

Endocrinology and Metabolism 2011 96 632–642 

11)   Bolland MJ, Holdaway IM, Berkeley JE, Lim S, Dransfield WJ, Conaglen JV, Croxson MS, Gamble 

GD, Hunt PJ & Toomath RJ. Mortality and morbidity in Cushing's syndrome in New Zealand. Clinical 

Endocrinology (Oxf) 2011 75 436-442 

12) Dekkers OM, Biermasz NR, Pereira AM, Roelfsema F, van Aken MO, Voormolen JH & Romijn JA. 

Mortality in patients treated for Cushing’s disease is increased, compared with patients treated for non-

functioning pituitary macroadenoma. Journal of Clinical Endocrinology and Metabolism  2007 92 976–981 

13) Lambert JK, Goldberg L, Fayngold S, Kostadinov J, Post KD & Geer EB. Predictors of mortality and 

long-term outcomes in treated Cushing's disease: a study of 346 patients.  Journal of Clinical Endocrinology 

and Metabolism 2013 98 1022-1030 

14) Hassan-Smith ZK, Sherlock M, Reulen RC, Arlt W, Ayuk J, Toogood AA, Cooper MS, Johnson AP & 

Stewart PM. Outcome of Cushing's disease following transsphenoidal surgery in a single center over 20 

years. Journal of Clinical Endocrinology and Metabolism  2012 97 1194-1201 

15) Findling J W & Raff H. Screening and diagnosis of Cushing’s syndrome. Endocrinology Metabolism 

Clinics of North America 2005 34 385–402 

16) Gatta B, Chabre O, Cortet C, Martinie M, Corcuff JB, Roger P & Tabarin A. Reevaluation of the 

combined dexamethasone suppression-corticotropin-releasing hormone test for differentiation of mild 

Cushing’s disease from pseudo-Cushing’s syndrome. Journal of Clinical Endocrinology and Metabolism  

2007 92 4290–4293. 

17) Nieman LK, Biller BM, Findling JW, Newell-Price J, Savage MO, Stewart PM & Montori VM. The 

diagnosis of Cushing's syndrome: an Endocrine Society Clinical Practice Guideline. Journal of Clinical 

Endocrinology and Metabolism  2008 93 1526-1540 

18) Catargi B, Rigalleau V, Poussin A, Ronci-Chaix N, Bex V, Vergnot V, Gin H, Roger P & Tabarin A. 

Occult Cushing’s syndrome in type-2 diabetes. Journal of Clinical Endocrinology and Metabolism  2003 88 

5808–5813 

http://www.ncbi.nlm.nih.gov/pubmed/21609352
http://www.ncbi.nlm.nih.gov/pubmed?term=Nieman%20LK%5BAuthor%5D&cauthor=true&cauthor_uid=18334580
http://www.ncbi.nlm.nih.gov/pubmed?term=Biller%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=18334580
http://www.ncbi.nlm.nih.gov/pubmed?term=Findling%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=18334580
http://www.ncbi.nlm.nih.gov/pubmed?term=Newell-Price%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18334580
http://www.ncbi.nlm.nih.gov/pubmed?term=Savage%20MO%5BAuthor%5D&cauthor=true&cauthor_uid=18334580
http://www.ncbi.nlm.nih.gov/pubmed?term=Stewart%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=18334580
http://www.ncbi.nlm.nih.gov/pubmed?term=Montori%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=18334580


19) Chiodini I, Torlontano M, Scillitani A, Arosio M, Bacci S, Di Lembo S, Epaminonda P, Augello G, 

Enrini R, Ambrosi B, Adda G & Trischitta V. Association of subclinical hypercortisolism with type 2 

diabetes mellitus: a case-control study in hospitalized patients. European Journal of Endocrinology 2005 153 

837–844 

20) Terzolo M, Reimondo G, Chiodini I, Castello R, Giordano R, Ciccarelli E, Limone P, Crivellaro C, 

Martinelli I, Montini M, Disoteo O, Ambrosi B, Lanzi R, Arosio M, Senni S, Balestrieri A, Solaroli E, 

Madeo B, De Giovanni R, Strollo F, Battista R, Scorsone A, Giagulli VA, Collura D, Scillitani A, Cozzi 

R,Faustini-Fustini M, Pia A, Rinaldi R, Allasino B, Peraga G, Tassone F, Garofalo P, Papini E & Borretta G. 

Screening of Cushing's syndrome in outpatients with type 2 diabetes: results of a prospective multicentric 

study in Italy. Journal of Clinical Endocrinology and Metabolism 2012 97 3467-3475 

21) Colao A, Pivonello R, Spiezia S, Faggiano A, Ferone D, Filippella M, Marzullo P, Cerbone G, Siciliani 

M & Lombardi G. Persistence of increased cardiovascular risk in patients with Cushing's disease after five 

years of successful cure. Journal of Clinical Endocrinology and Metabolism  1999 84 2664-2672.   

22) Faggiano A, Pivonello R, Spiezia S, De Martino MC, Filippella M, Di Somma C, Lombardi G & Colao 

A. Cardiovascular risk factors and common carotid artery caliber and stiffness in patients with Cushing's 

disease during active disease and 1 year after disease remission. Journal of Clinical Endocrinology and 

Metabolism  2003 88 2527-2533 

23) Pivonello R, De Martino MC, De Leo M, Tauchmanovà L, Faggiano A, Lombardi G & Colao A. 

Cushing's syndrome: aftermath of the cure. Arquivos brasileiros de endocrinologia e metabologia. 2007 51 

1381-1391. 

24) Giordano R, Picu A, Marinazzo E, D'Angelo V, Berardelli R, Karamouzis I, Forno D, Zinnà D, 

Maccario M, Ghigo E & Arvat E. Metabolic and cardiovascular outcomes in patients with Cushing's 

syndrome of different aetiologies during active disease and 1 year after remission. Clinical Endocrinology 

(Oxf) 2011 75 354-360. 

25) Reimondo G, Pia A, Bovio S, Allasino B, Daffara F, Paccotti P, Borretta G, Angeli A & Terzolo M. 

Laboratory differentiation of Cushing's syndrome. Clinica Chimica Acta 2008 388 5-14.  

http://www.ncbi.nlm.nih.gov/pubmed/12788849
http://www.ncbi.nlm.nih.gov/pubmed/12788849
http://www.ncbi.nlm.nih.gov/pubmed/21521323
http://www.ncbi.nlm.nih.gov/pubmed/21521323
http://www.ncbi.nlm.nih.gov/pubmed/21521323
http://www.ncbi.nlm.nih.gov/pubmed/18053807


26) Reimondo G, Allasino B, Bovio S, Paccotti P, Angeli A & Terzolo M. Evaluation  of the effectiveness 

of midnight serum cortisol in the diagnostic procedures for Cushing's syndrome. European Journal of 

Endocrinology 2005 153 803-809. 

27) Reimondo G, Bovio S, Allasino B, De Francia S, Zaggia B, Micossi I, Termine A, De Martino F, 

Paccotti P, Di Carlo F, Angeli A & Terzolo M. The combined low-dose dexamethasone suppression 

corticotropin-releasing hormone test as a tool to rule out Cushing's syndrome. European Journal of  

Endocrinology 2008 159 569-576 

28) Oldfield EH, Doppman JL, Nieman LK, Chrousos GP, Miller DL, Katz DA, Cutler GB Jr & Loriaux 

DL. Petrosal sinus sampling with and without corticotropin-releasing hormone for the differential diagnosis 

of Cushing's syndrome. New England Journal of Medicine 1991  325 897-905. Erratum in: New England 

Journal of Medicine 1992 3261172.  

29)  World Health Organization. Preventing and managing the global epidemic of obesity: report of the 

World Health Organization consultation of obesity. Geneva: World Health Organization 1997 

30) Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, Gordon DJ, Krauss RM, Savage 

PJ, Smith SC Jr, Spertus JA, Costa F; American Heart Association; National Heart, Lung, and Blood Institute. 

Diagnosis and management of the metabolic syndrome: an American Heart Association/National Heart, 

Lung, and Blood Institute Scientific Statement. Circulation 2005 112 2735-2752 

31) National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment 

of High Blood Cholesterol in Adults (Adult Treatment Panel III). Third Report of the National Cholesterol 

Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood 

Cholesterol in Adults (Adult Treatment Panel III) final report. Circulation 2002 106 3143–3421  

32) Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G, Grassi G, Heagerty AM, 

Kjeldsen SE, Laurent S, Narkiewicz K, Ruilope L, Rynkiewicz A, Schmieder RE, Boudier HA, Zanchetti A, 

Vahanian A, Camm J, De Caterina R, Dean V, Dickstein K, Filippatos G, Funck-Brentano C, Hellemans I, 

Kristensen SD, McGregor K, Sechtem U, Silber S, Tendera M, Widimsky P, Zamorano JL, Erdine S, 

Kiowski W, Agabiti-Rosei E, Ambrosioni E, Lindholm LH, Viigimaa M, Adamopoulos S, Agabiti-Rosei E, 

Ambrosioni E, Bertomeu V, Clement D, Erdine S, Farsang C, Gaita D, Lip G, Mallion JM, Manolis AJ, 

http://www.ncbi.nlm.nih.gov/pubmed/16322385
http://www.ncbi.nlm.nih.gov/pubmed/16322385
http://www.ncbi.nlm.nih.gov/pubmed/16322385
http://www.ncbi.nlm.nih.gov/pubmed/18713844
http://www.ncbi.nlm.nih.gov/pubmed/18713844
http://www.ncbi.nlm.nih.gov/pubmed/1652686
http://www.ncbi.nlm.nih.gov/pubmed/1652686
http://circ.ahajournals.org/content/112/17/2735.long##
http://circ.ahajournals.org/content/112/17/2735.long##
http://www.ncbi.nlm.nih.gov/pubmed?term=Cleeman%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Daniels%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Donato%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Eckel%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Franklin%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Gordon%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Krauss%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Savage%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Savage%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Savage%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Smith%20SC%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Spertus%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=Costa%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16157765
http://www.ncbi.nlm.nih.gov/pubmed?term=American%20Heart%20Association%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=National%20Heart%2C%20Lung%2C%20and%20Blood%20Institute%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/16157765##


Nilsson PM, O'Brien E, Ponikowski P, Redon J, Ruschitzka F, Tamargo J, van Zwieten P, Waeber B & 

Williams B; Management of Arterial Hypertension of the European Society of Hypertension; European 

Society of Cardiology. 2007 Guidelines for the Management of Arterial Hypertension: The Task Force for 

the Management of Arterial Hypertension of the European Society of Hypertension (ESH) and of the 

European Society of Cardiology (ESC). Journal of Hypertension 2007 25 1105-1187  

33) Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. Report of the Expert 

Committee on the Diagnosis and Classification of Diabetes Mellitus. Diabetes Care 1997 20 1183–1197 

34) American Diabetes Association. Diagnosis and Classification of Diabetes Mellitus. Diabetes Care 2008 

31 S55-S60 

35) Altman DG, Machin D, Bryant TN & Gardner MJ. Statistics with confidence. II edition. BMJ Book 

2000.  

36) Valassi E, Santos A, Yaneva M, Tóth M, Strasburger CJ, Chanson P, Wass JA, Chabre O, Pfeifer M, 

Feelders RA, Tsagarakis S, Trainer PJ, Franz H, Zopf K, Zacharieva S, Lamberts SW, Tabarin A & Webb 

SM; ERCUSYN Study Group. The European Registry on Cushing's syndrome: 2-year experience. Baseline 

demographic and clinical characteristics. European Journal of Endocrinology 2011 165 383-392 

37) Van Zaane B, Nur E, Squizzato A, Dekkers OM, Twickler MT, Fliers E, Gerdes VE, Büller HR & 

Brandjes DP. Hypercoagulable state in Cushing's syndrome: a systematic review. Journal of Clinical 

Endocrinology and Metabolism 2009 94 2743–2750  

38) Stuijver DJ, van Zaane B, Feelders RA, Debeij J, Cannegieter SC, Hermus AR, van den Berg G, Pereira 

AM, de Herder WW, Wagenmakers MA, Kerstens MN, Zelissen PM, Fliers E, Schaper N, Drent ML, 

Dekkers OM & Gerdes V. Incidence of venous thromboembolism in patients with Cushing's syndrome: a 

multicenter cohort study. Journal of Clinical Endocrinology and Metabolism 2011 96 3525-3532. 

39) Manetti L, Bogazzi F, Giovannetti C, Raffaelli V, Genovesi M, Pellegrini G, Ruocco L, Iannelli A & 

Martino E. Changes in coagulation indexes and occurrence of venous thromboembolism in patients with 

Cushing's syndrome: results from a prospective study before and after surgery. European Journal of 

Endocrinology 2010 163 783-791. 

http://www.ncbi.nlm.nih.gov/pubmed/21715416
http://www.ncbi.nlm.nih.gov/pubmed/21715416
http://www.ncbi.nlm.nih.gov/pubmed/21880802
http://www.ncbi.nlm.nih.gov/pubmed/21880802
http://www.ncbi.nlm.nih.gov/pubmed/21880802
http://www.ncbi.nlm.nih.gov/pubmed/20696792
http://www.ncbi.nlm.nih.gov/pubmed/20696792


40) Koutroumpi S, Daidone V, Sartori MT, Cattini MG, Albiger NM, Occhi G, Ferasin S, Frigo A, Mantero 

F, Casonato A & Scaroni C. Venous thromboembolism in patients with Cushing's syndrome: need of a 

careful investigation of the prothrombotic risk profile. Pituitary 2013 16 175-181 

41) Sippel RS, Elaraj DM, Kebebew E, Lindsay S, Tyrrell JB & Duh QY. Waiting for change: symptom 

resolution after adrenalectomy for Cushing's syndrome. Surgery 2008  144 1054-1060 

42) Filipsson H, Monson JP, Koltowska-Häggström M, Mattsson A & Johannsson G. The impact of 

glucocorticoid replacement regimens on metabolic outcome and comorbidity in hypopituitary patients. 

Journal of Clinical Endocrinology and Metabolism 2006 91 3954–3961 

43) Yaneva M, Kalinov K & Zacharieva S. Mortality in Cushing's syndrome: data from 386 patients from a 

single tertiary referral center. European Journal of Endocrinology. 2013 169 621-627 

44) Ayuk J & Stewart PM. Mortality following pituitary radiotherapy. Pituitary 2009 12 35-39. 

45) Ntali G, Asimakopoulou A, Siamatras T, Komninos J, Vassiliadi D, Tzanela M, Tsagarakis S, 

Grossman AB, Wass JA & Karavitaki N. Mortality in Cushing's syndrome: systematic analysis of a large 

series with prolonged follow-up. European Journal of Endocrinology 2013 169 715-723 

46) Graversen D, Vestergaard P, Stochholm K, Gravholt CH & Jørgensen JO. Mortality in Cushing's 

syndrome: a systematic review and meta-analysis. European Journal of Internal Medicine 2012 23 278-82 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sippel%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=19041018
http://www.ncbi.nlm.nih.gov/pubmed?term=Elaraj%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=19041018
http://www.ncbi.nlm.nih.gov/pubmed?term=Kebebew%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19041018
http://www.ncbi.nlm.nih.gov/pubmed?term=Lindsay%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19041018
http://www.ncbi.nlm.nih.gov/pubmed?term=Tyrrell%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=19041018
http://www.ncbi.nlm.nih.gov/pubmed?term=Duh%20QY%5BAuthor%5D&cauthor=true&cauthor_uid=19041018
http://www.ncbi.nlm.nih.gov/pubmed?term=Waiting%20for%20change%3A%20Symptom%20resolutio%20after%20adrenalectomy##

