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Abstract 21 

Background. The role of subclinical hypercortisolism (SH) in influencing the cardiovascular event (CVE) 22 

occurrence is debated. In this study we investigated the SH role in the CVE occurrence in patients with 23 

adrenal incidentaloma (AI) by the standard statistical analyses and the artificial neural networks (ANNs). 24 

Methods: We analyzed the retrospective records of 518 AI patients, without symptoms of hypercortisolism.  25 

Data regarding cortisol levels after 1mg-dexamethasone suppression (1-mgDST) and the presence of obesity 26 

(OB), hypertension (AH), type-2 diabetes (T2DM), dyslipidaemia (DL), CVE familiar history, smoking habit 27 

and CVE were collected.  28 

Results: Standard statistical analyses suggested that the 1-mgDST, at a cut-off of 1.8 µg/dl, had the best 29 

accuracy (62.9%) in detecting patients with CVE. In patients with 1mg-DST ≥1.8 µg/dl (DST+, n=223), age 30 

and prevalence of AH, T2DM, DL and CVE (66 years, 74.5%, 25.9%, 41.4%, 26.8%, respectively) were 31 

higher than in patients with 1mg-DST ≤1.8 µg/dl (61.9 years, 60.7%, 18.5%, 32.9% and 10%, respectively, 32 

p<0.05 for all). The CVE were associated with DST+ (OR 2.46, 95%CI 1.5-4.1, p=0.01), regardless of 33 

T2DM, AH, DL, smoking habit, gender, observation period and age. The presence of at least two among 34 

AH, T2DM, DL and OB had 60% accuracy in detecting patients with CVE. Adding DST+ the accuracy 35 

reached the 71.2%. By using the variables selected by ANNs (CVE familiar history, age, T2DM, AH, DL 36 

and DST+) 78.5% accuracy was reached. 37 

Conclusions. Cortisol after 1mg-DST is independently associated with the CVE occurrence. The ANNs 38 

could assess the CVE risk in the individual AI patient.  39 
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Introduction 40 

Subclinical hypercortisolism (SH) is a condition of increased cortisol secretion in the absence of the 41 

classical signs of overt cortisol excess (1), and it is found in up to 20% of patients bearing an incidentally 42 

discovered adrenal mass (adrenal incidentaloma, AI) (2, 3). In adults, SH has a  0.2-2.0% prevalence and it 43 

seems to be associated with an increased risk of fragility fractures, dyslipidemia (DL), type 2 diabetes 44 

(T2DM), hypertension (AH), cardiovascular events (CVE) and mortality (4-10). However, the effect of the 45 

recovery from SH on the cardiovascular risk is debated, since the  improvement of the metabolic 46 

complications after the excision of the adrenal adenoma in AI patients has been not consistently reported 47 

(11-13). Therefore, no widely accepted guidelines are available on how to define SH and to address the 48 

treatment in AI patients with subtle hypercortisolism (14-18).  49 

However, it is likely that in SH the cardiovascular risk is influenced by different comorbidities (i.e. 50 

DL, T2DM, AH) and environmental factors interacting in nonlinear biological mechanisms. The 51 

understanding of the SH role as a CVE risk factor is difficult even because most CVE risk factors may be 52 

caused by SH itself, and, at the same time, the incidence of both SH and CVE increases with age (19). This 53 

kind of problem probably needs a specific mathematical approach, such as the artificial neural networks 54 

(ANNs), to be understood (20).
 
Because ANNs are artificial adaptive systems, able to modify their internal 55 

structure in relation to a function objective, they are suited for solving nonlinear problems. The ability to 56 

learn in an adaptive way (i.e., extracting from the data the information needed to gather a specific task) 57 

makes the ANNs a powerful tool for data analysis (21).
 
In the past years, ANNs have been shown to improve 58 

the predictive value of standard statistics in many areas of medicine (21-25). No studies have investigated the 59 

ability of ANNs in evaluating the factors influencing the CVE risk in patients with a low grade of cortisol 60 

excess, as is the case of SH patients. 61 

Therefore, the aim of the present study was to investigate, in a large sample of AI patients, the 62 

factors associated with CVE events by using ANNs and the standard statistical approach.63 
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Patients and Method 64 

Patients 65 

In this observational multicenter study, we retrospectively analyzed the records regarding 1066 AI 66 

patients referred to the participating Endocrine Units between January 1996 and June 2016. Among these 67 

patients, 548 were not included due to the exclusion criteria. We excluded patients with bilateral adrenal 68 

masses, psychiatric diseases and alcoholism, or taking drugs influencing cortisol and dexamethasone 69 

metabolism or cortisol secretion, with signs or symptoms of overt cortisol excess (i.e. moon facies, striae 70 

rubrae, skin atrophy or buffalo hump), history of malignancy, infections, adrenal hemorrhage, 71 

pheochromocytoma, primary hyperaldosteronism and hyperparathyroidism, and infiltrative disease 72 

potentially affecting the adrenal glands. Eventually, 518 AI patients without signs of overt hypercortisolism 73 

were enrolled.  74 

All AI were discovered by CT scan, ultrasonography or MRI, performed for unrelated diseases. 75 

Ultrasound findings were confirmed with CT scan. All adrenal masses were ≥1 cm of diameter, and 76 

displayed a CT pattern consistent with benign adenoma (i.e. homogeneous texture, <10 Hounsfield Units, 77 

regular margins, size <6 cm).  78 

In all patients, we measured 24-hour urinary free cortisol (UFC), ACTH levels at 08:00 h, and serum 79 

cortisol levels at 08:00 h after 1 mg overnight dexamethasone suppression test (1mg-DST). The following 80 

parameters were recorded: age, gender, presence of obesity (OB), AH, T2DM, DL, familiar CVE history and 81 

smoking habit.  We recorded the CVEs occurrence (myocardial infarction, stroke, transient ischemic attack, 82 

angina pectoris, pulmonary embolism, intracerebral hemorrhage, peripheral artery disease) during the 10 83 

years before the AI finding AI and during a variable follow-up period (mean 161.8±45.1, range 120-426 84 

months) after the AI finding. The observation period has been extended till 10 years before the AI finding 85 

since the diagnosis of overt hypercortisolism is done with three-eight years of delay (26), which should be 86 

probably longer in scarcely symptomatic patients (26). The study complies with the Declaration of Helsinki 87 

and it has been approved by the Ethical Committee of Fondazione IRCCS Cà Granda-Ospedale Maggiore 88 

Policlinico, Milan, Italy. An informed consent has been obtained from each patient. 89 

 90 

 91 
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Methods 92 

In all patients ACTH and serum and urinary cortisol levels were measured in each center using 93 

commercially available reagents. The intra- and inter-assay coefficients of variation were <10% for all the 94 

assays. Increased UFC levels (h-UFC) were defined by levels above the upper limit of the normal values of 95 

each assay. 96 

In the diabetic, dyslipidemic and hypertensive patients the CVEs, blood pressure and metabolic 97 

control were assessed by the reports of the cardiologists and diabetologists, who annually evaluated the 98 

patients. In the remaining patients, information were obtained by their general practitioner reports.  Obesity 99 

was diagnosed in the presence of body mass index (BMI) above or equal to 30 kg/m2 and T2DM by WHO 100 

criteria (27).
 
The diabetic patients were considered well controlled in the presence of glycated haemoglobin 101 

below 7% (28). Arterial hypertension was defined in the presence of systolic blood pressure ≥140 mmHg 102 

and/or diastolic blood pressure ≥90 mmHg and/or antihypertensive treatment (28).
 
Blood pressure was 103 

considered well controlled in the presence of systolic and diastolic blood pressure below 130 mmHg and 85 104 

mmHg, respectively (29). Dyslipidemia was diagnosed in the presence of triglycerides levels ≥150 mg/dL 105 

(1.7 mmol/L), or high-density lipoprotein cholesterol levels <40 mg/dL (1.0 mmoL/L) in men and <50 106 

mg/dL (1.3 mmol/L) in women or if any specific treatment was given (30).
 
Dyslipidemia was considered 107 

well controlled in the presence of low density lipoprotein below 130 mg/dL, 100 mg/dL and 70 mg/dL in 108 

patients without T2DM, with T2DM and with T2DM plus cardiovascular complications, respectively. In 109 

each patient a comorbidities score was calculated by adding up the comorbidities (T2DM, AH, DL and OB) 110 

altogether. Current smokers were individuals who smoked any tobacco (including beedies, pipes, and other 111 

forms) during the observation period (31). 112 

 113 

Statistical Analysis 114 

Standard statistical analyses 115 

Statistical analyses were performed using SPSS version 21.0 package (SPSS Inc, Chicago, IL). 116 

Descriptive statistics were reported as mean±standard deviation (SD), unless differently specified, or 117 

frequency and percentages. Categorical variables were compared by χ2 test. Continuous variables were 118 

compared among groups using one-way ANOVA. Multiple comparisons were addressed using or Bonferroni 119 
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approach. The bivariate associations were assessed using Spearman or Pearson Correlation as appropriate.  120 

The receiver operating characteristic (ROC) curve analysis was used to assess the optimal cut-off of the 121 

cortisol levels after 1mg-DST or of the comorbidity score providing the best diagnostic accuracy (optimizing 122 

sensitivity, SN and specificity, SP) for detecting patients with the occurrence of CVE.  123 

Logistic regression analyses were performed to test the independent association between the CVE occurrence 124 

and  the cortisol levels after 1mg-DST above or equal to the cut-off obtained by ROC curve, adjusting for 125 

age, gender, CVE family history, duration of observation, smoking habit and the presence of T2DM, AH, 126 

and DL separately taken or as a comorbidity score equal to or above the cut-off obtained by the ROC curve. 127 

Risk were reported as odds ratios (OR) along with their 95% confidence intervals (95%CI). P-values of 128 

<0.05 were considered as statistically significant. 129 

Unsupervised ANNs: the Auto Contractive Map 130 

Complex mathematical networks can help us in establishing the hierarchy of variables within a 131 

specific set. We adopted the Auto Contractive Map system (Auto-CM), that is a fourth generation 132 

unsupervised ANN able to highlight the links among variables with a graph based on the minimum spanning 133 

tree (MST) theory, where distances among variables reflect the weights of the ANN (20).
 
The Auto-CM 134 

system finds, by a specific learning algorithm, a square matrix of  “similarities” (weights mathematically 135 

speaking) among the variables of the dataset (21).
 
Once the AutoCM weights matrix is obtained, it is then 136 

filtered by MST, that shows, among the huge number of possible ways to connect the variables in a tree, the 137 

shortest possible combination. In the MST, every link able to generate a cycle into the graph is eliminated, 138 

irrespective of its strength of association, and this results in a simplified graph. The assumption is that, since 139 

all biological systems tend naturally to the minimal energetic states, this graph expresses the fundamental 140 

biological information of the system. The ultimate goal of this data mining model is to discover hidden 141 

trends and associations among variables, since this algorithm is able to create a semantic connectivity map in 142 

which non linear associations are preserved and explicit connection schemes are described. This approach 143 

gives the map of the relevant connections between and among variables and the principal hubs of the system. 144 

The learning algorithm of Auto-CM may be summarized in four orderly steps: a) signal transfer from the 145 

input into the hidden layer; b) adaptation of the connections value between the input layer and the hidden 146 

layer; c) signal transfer from the hidden layer into the output layer; d) adaptation of the connections value 147 
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between the hidden layer and the output layer. The Auto-CM does not have initial weights posed at random 148 

and they start always by the same value. Therefore, the resulting graph is reproducible along many possible 149 

runs (20, 21).  150 
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Results 151 

Classical statistical analysis 152 

We found the occurrence of myocardial infarction, stroke, transient ischemic attack, angina pectoris, 153 

pulmonary embolism, intracerebral hemorrhage and peripheral artery disease in the 38.9%, 15.6%, 13.3%, 154 

7.8%, 3.3%, 1.1% and 20% of patients, respectively. The Table 1 reports the clinical and biochemical 155 

characteristics of patients with and without CVE (CVE+ and CVE-, respectively). The adenoma size, 156 

duration of observation period and prevalence of post-menopausal females and of subjects with positive 157 

familiar history of CVE were comparable between the two groups.  As expected, CVE+ patients were elder 158 

and more frequently males, smokers, hypertensive, diabetic and dyslipidemic than CVE- patients. However, 159 

BMI, the prevalence of OB and of uncontrolled glycemia, blood pressure and LDL levels were comparable 160 

between the two groups. The cortisol levels after 1mg-DST were higher in CVE+ than in CVE- patients, 161 

while the ACTH levels and the prevalence of h-UFC levels were comparable between the two groups. The 162 

ROC curve showed that the cut-off of cortisol levels after 1mg-DST set at 1.8 µg/dl had the best compromise 163 

between SN (63%) and SP (66%) in predicting CVE (accuracy 62.9%, area under the curve, AUC, 0.673, 164 

p<0.0001, Figure 1).  165 

We, therefore, compared the clinical and biochemical characteristics of patients with cortisol levels 166 

after 1mg-DST ≥1.8 and  <1.8 µg/dl (DST+, n=220 and DST-, n=298, respectively, Table 2). The two groups 167 

were comparable for gender distribution, BMI, family CVE history and prevalence of OB, smokers, post-168 

menopausal women and of not well controlled blood pressure, glycemia and LDL. As expected, DST+ 169 

patients showed higher prevalence of h-UFC and lower ACTH levels than DST- patients. Age, adenoma size 170 

and AH, T2DM, DL and CVE prevalence were higher in DST+ than in DST- patients. The CVE occurred 171 

within 2 years before or after the AI finding in 55.9% of DST+ patients and in 25.8% of DST- patients 172 

(p=0.006) 173 

In the whole sample, the comorbidities score was associated with the cortisol levels after 1mg-DST 174 

(r=0.105, p=0.017). Moreover, the CVE occurrence was directly associated with the increase of the 175 

comorbidity score (0 = 2.8%, 1 = 13.6, 2 = 21.2%, 3 = 28.9%, 44.4%, p for trend <0.0001). The ROC curve 176 

analysis showed that a comorbidity score of 2 had the best compromise between SN (72.2%) and SP (57.5%) 177 

in detecting CVE patients (AUC 0.70, p<0.0001) and that a comorbidity score ≥2 had 60% accuracy in 178 
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detecting CVE patients. Adding the DST+ presence to the comorbidity score increased the accuracy to 179 

71.2% (SN 61.1, SP 73.4%). The logistic regression analysis showed that the CVE occurrence was 2.5 folds 180 

increased in DST+ patients, regardless of age, gender, duration of observation, CVE family history, smoking 181 

habit, T2DM, AH, and DL (Table 3). This association was confirmed also when the comorbidity score ≥2 182 

was included into the regression analysis in the place of T2DM, AH and DL (Table 4). 183 

 184 

Artificial neural networks analysis (ANNs) 185 

The connectivity map showed that the CVE occurrence was directly associated to the presence of 186 

cortisol levels after 1-DST ≥1.8 µg/dl, AH and male gender (Figure 2). The following variables were put into 187 

the system: CVE familiar history, age, gender, BMI, cortisol levels after 1mgDST, smoking packs/year, 188 

presence of postmenopausal status, smoking habit, obesity, hypertension, diabetes, well controlled blood 189 

pressure, glycemia and LDL, low ACTH levels (i.e <10 pg/dL), h-UFC levels, 1mg-DST ≥1.8 µg/dL and 190 

CVE occurrence. Among these variables, the Auto-CM system selected the CVE occurrence, CVE familiar 191 

history, age, T2DM, AH, DL, low ACTH, h-UFC levels, 1mg-DST ≥1.8 µg/dL and cortisol levels after 192 

1mgDST. By using this cluster of variables the Auto-CM system was able to detect patients with the 193 

occurrence of CVE with 78.5% accuracy (SN 78.7%, SP 78.3%). By excluding 1mg-DST ≥1.8 µg/dL the 194 

diagnostic accuracy decreased to 72.5% (SN 70.9%, SP 74.1%).  195 
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Discussion 196 

The present study was designed to investigate whether or not, in patients with monolateral AI, the 197 

presence of an increased, though asymptomatic, cortisol secretion was associated with the CVE occurrence 198 

independently of the common cardiovascular risk factors, such as AH, T2DM, DL, age, smoking habit and 199 

CVE familiar history. In addition, we aimed to assess if ANNs, that are suited for solving nonlinear 200 

problems, could be useful to detect AI patients with CVE.  201 

To our knowledge this is the largest study assessing the CVE occurrence in AI patients. We found 202 

that the cut-off of cortisol levels after 1mg-DST set at 1.8 µg/dL had the best accuracy for detecting AI 203 

patients with CVE and that AI patients with 1mg-DST above or equal to 1.8 µg/dL (DST+) are more 204 

frequently hypertensive, diabetic, dyslipidemic and affected with CVE. The presence of at least two CVE 205 

risk factors (among AH, T2DM, DL and OB) was associated with the CVE occurrence, but when the 206 

presence of DST+ was added to this cluster, the association became stronger. In keeping, in the presence of 207 

DST+ the CVE occurrence is 2.5 folds increased, regardless for the presence of AH, T2DM, DL, smoking 208 

habit, age and gender. Finally, the ANNs confirmed the independent association between DST+ and the CVE 209 

occurrence and suggested that this statistical approach could be useful for assessing the CVE risk in the 210 

individual AI patient.   211 

The present findings are in keeping with those of a previous smaller study by Di Dalmazi and co-212 

authours (8) and with those of a previous Italian multicenter study (9) showing that AI patients with SH had 213 

an increased CVE occurrence. Although in those studies the association between SH and the CVE was 214 

present regardless for hypertension (8) and age (8, 9),
 
the additive role of SH on the CVE occurrence was not 215 

completely clarified.  216 

The difficulties in determining the SH influence on the cardiovascular risk have been also due to the 217 

lack of a widely accepted definition of SH itself (17, 32).
 
Some information at this regard might be derived 218 

from the present data. Indeed, in the present study, the DST+ patients had a 2.5 folds increased CVE 219 

occurrence. Thanks to the possibility to analyze a large sample of patients, rather than arbitrarily classifying 220 

patients as affected or not with SH, we could individuate the cut-off of cortisol levels after 1mg-DST with 221 

the best accuracy in predicting the CVE occurrence and we were able to confirm that the cut-off of cortisol 222 

levels after 1mg-DST above or equal to 1.8 µg/dL is the most accurate one in detecting patients with the 223 
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CVE occurrence. Therefore, this cut-off of cortisol levels after 1mg-DST could be proposed for diagnosing 224 

SH.  225 

Apart from the SH definition, the main problem with the use of the biochemical tests in AI subjects 226 

is that raising the cut-offs of the cortisol secretion markers increases SP, but at the expense of a not 227 

acceptable SN decrease and viceversa. Interestingly, a recent metanalysis suggests a beneficial effect of 228 

adrenalectomy on cardiovascular risk factors in patients with SH compared with conservative management, 229 

even if with a low-moderate quality of evidence (33). However, to date, we cannot use a combination of 230 

clinical and biochemical markers for predicting the cardiovascular outcome in these patients, and, therefore, 231 

an algorithm for assessing the cardiovascular risk in the individual AI patient is lacking (16). These 232 

difficulties are mainly due to the fact that some comorbidities (i.e. T2DM, AH, DL and OB), that may 233 

depend even on SH itself, may worsen the SH-related cardiovascular risk and interact with SH in nonlinear 234 

biologic mechanisms.  235 

From this point of view, the evaluation of the possible use of the ANNs to investigate the 236 

relationships between SH and the common cardiovascular risk factors is a novel approach. The ANNs are 237 

artificial adaptive systems, able to modify their internal structure in relation to a function objective, and, 238 

therefore, they are particularly suited for solving nonlinear problems (20].
 
The ANNs analysis demonstrates 239 

that combining several variables, including the cardiovascular risk factors, age and cortisol levels after 1mg-240 

DST, it could be possible to further increase the accuracy (up to 80%) for detecting patients with CVE 241 

occurrence. This approach could open the field for the development of algorithms for assessing the CVE risk 242 

in the individual AI patient. 243 

This study has some limitations. Firstly, we acknowledge that our study is retrospective and it does 244 

not report data regarding the CVE incidence during a standardized follow-up. In addition, being the SH 245 

condition asymptomatic, we cannot have information about the temporal distance between the onset of 246 

hypercortisolism and the CVE occurrence. However, at variance with DST- patients, in DST+ patients the 247 

CVE occurred mainly within 2 years before or after the AI finding. This finding suggests a temporal 248 

relationship between the CVE occurrence and the condition of subtle hypercortisolism and confirms the 249 

results of a previous smaller study showing that SH is associated with the risk of incident CVE (8). 250 
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Furthermore, we have no information regarding the behavior of the cortisol secretion and the 251 

comorbidities of the subjects during the observation period, and, therefore, we could not assess the influence 252 

of the possible increase of the cortisol secretion and/or of the possible changes in the comorbidities control. 253 

However, since the comorbidities control assessed at the study entry was not different between patients with 254 

and without CVE and with and without DST+, this variable should not have been of particularly influence in 255 

the study. Finally, given the cross-sectional design of the study, definitive information regarding the possible 256 

causative role of a subtle increased cortisol secretion on the occurrence of CVE could not be derived. 257 

However, in consideration of the known deleterious effect of the overt hypercortisolism on the CVE risk, a 258 

similar role of SH could be affirmed. 259 

In conclusion, the present study shows that: i) a subtle cortisol excess is associated with the CVE 260 

occurrence regardless of age, gender, familiar CVE history, AH, T2D, DL and smoke, therefore representing 261 

an additional CVE risk factor; ii) the cut-off of cortisol levels after 1mg-DST above or equal to 1.8 µg/dL has 262 

the best accuracy in detecting AI patients with CVE; iii) the application of the ANNs in evaluating the 263 

interaction between the cortisol secretion and the other CVE risk factor increases the accuracy for detecting 264 

AI patients at higher CVE risk.  265 
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Legend to Figure 1 389 

Title: The receiver operating characteristic (ROC) curve analysis showing the association between serum 390 

cortisol levels at 08:00 h after 1mg-dexamethasone suppression test (1mg-DST) and the occurrence of 391 

cardiovascular events 392 

Footnotes: The ROC curve showed that the cut-off of cortisol levels after 1mg-DST set at 1.8 µg/dl had the 393 

best compromise between sensitivity (SN, 63%) and specificity (SP, 66%) in predicting  CVE (area under 394 

the curve, AUC, 0.673, p<0.0001).  395 

 396 

Legend to Figure 2 397 

Title: Semantic connectivity map of studied variables.  398 

Footnotes: The semantic connectivity map showed that the occurrence of a cardiovascular event (CVE) was 399 

directly associated to the presence of cortisol levels at 08:00 h after 1mg-dexamethasone suppression test 400 

(1mg-DST)  ≥ 1.8 µg/dL, arterial hypertension and male gender (included within a triangle). 401 
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Table 1.  Clinical and biochemical parameters of patients with and without CVE 

                                                                                                                            CVE+ Group 

(n=90) 

 

CVE- Group 

(n=428) 

P 

Age (yrs) 68.3±9.8 

(20-84) 

62.7±10.4 

(33-86) 

<0.001 

Male/Female gender 47/43 

(52/48) 

 157/271 

(37/63) 

0.009 

Postmenopausal females 43 

(47.8) 

229 

(53.5) 

0.354 

BMI (kg/m
2
) 28.1±4.5 

(20-40) 

27.5±4.8 

(18-40) 

0.279 

Diameter of adenoma (mm) 26±9.7 

(10-55) 

24.4±9.5 

(10-60) 

0.164 

Duration of observation period (months) 164.7±49.3 

(121-353) 

161.2±44.2 

(120-426) 

0.425 

Patients with familiar history of CVE 27 

(30) 

123 

(28.7) 

0.799 

Smokers 47 

(52) 

173 

(40) 

0.027 

ACTH (pg/mL) 
14.3±9 

(1.6-55) 

14.8±10.4 

(1-55) 

0.696 

1mg-DST (µµµµg/dL) 2.5±1.4 

(0.5-7.2) 

1.9±1.4 

(0.1-11.5) 

<0.001 

h-UFC patients  6 

(6.7) 

36 

(8.4) 

0.676 

Hypertensive patients   83 

(92) 

262 

(61) 

<0.001 

Blood pressure not at target
1
 

41 

(46.5) 

178 

(41.5) 

0.557 

Diabetic patients   
39 

(43) 

73 

(17) 

<0.001 

Glycemia not at target
2
 9 

(10) 

25 

(5.8) 

0.160 

Dyslipidemic patients   51 

(57) 

138 

(32) 

<0.001 

LDL not at target 25 

(27.8) 

91 

(21.3) 

0.210 

Obese subjects   27 

(30) 

141 

(33) 

0.622 

Data are mean ±SD with range in parenthesis or absolute number with percentage in parenthesis. BMI: 

body mass index; CVE: cardiovascular event; 1mg-DST: serum cortisol levels after 1–mg 

dexamethasone suppression test; ACTH: adrenocorticotroph hormone. h-UFC: urinary free cortisol 

levels above normal reference range.  SI conversion factors: cortisol x 27.59; ACTH x 0.22. Smokers: 

individuals who smoked any tobacco (including beedies, pipes, and other forms) during the 

observational period. LDL: low density lipoprotein. 1among hypertensive patients; 2among diabetic 

patients.  
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Table 2.  Clinical and biochemical parameters of patients with and without 1mg-DST ≥1.8 µg/dL 

 

                                                                                                                            DST+  

(n=220) 

 

DST-  

(n=298) 

P 

Age (yrs) 66.0±10.2 
(20-85) 

61.9±10.3 
(34-86) 

<0.001 

Male/Female gender 84/136 

(38.2/61.8) 

120/178 

(40.3/59.7) 

0.650 

Postmenopausal females 125 

(56.8) 

147 

(43.9) 

0.109 

BMI (kg/m
2
) 27.4±4.9 

(18-40) 

27.8±4.6 

(18.3-40) 

0.30 

Diameter of adenoma (mm) 28.8±9.5 

(10-60) 

21.6±8.3 

(10-55) 

<0.001 

Duration of observation period (months) 163.7±44.9 

(120-353) 

160.4±45.3 

(121-426) 

0.420 

Patients with familiar history of CVE 84 

(28.2) 

66 

(30) 

0.695 

Smokers 96 

(43.6) 

124 

(41.6) 

0.654 

ACTH (pg/mL) 
12.3±8.5 

(1-55) 

16.5±10.8 

(1.6-55) 

<0.001 

1mg-DST (µµµµg/dL) 3.1±1.6 

(1.8-11.5) 

1.1±0.35 

(0.1-1.7) 

<0.001 

h-UFC patients 27 

(12.3) 

15 

(5.0) 

0.003 

Hypertensive patients   164 

(74.5) 

181 

(60.7) 

0.001 

Blood pressure not well controlled
1
 

96 

(43.6) 

123 

(41.6) 

0.653 

Diabetic patients   
57 

(25.9) 

55 

(18.5) 

0.049 

Glycemia not well controlled
2
 15 

(6.8) 

19 

(6.4) 

0.859 

Dyslipidemic patients   98 

(41.4) 

91 

(32.9) 

0.049 

LDL not well controlled 54 

(25.4) 

62 

(20.8) 

0.338 

Obese subjects   62 

(28.2) 

88 

(29.5) 

0.769 

Patients with CVE 59 

(26.8) 

31 

(10.4) 

<0.001 

Data are mean ±SD with range in parenthesis or absolute number with percentage in parenthesis.  

DST+: patients with 1mg-DST ≥1.8 µg/dL; DST-: patients with 1mg-DST <1.8 µg/dL. BMI: body mass 

index; 1mg-DST: serum cortisol levels after 1–mg dexamethasone suppression test; ACTH: 

adrenocorticotroph hormone.  h-UFC: urinary free cortisol levels above normal reference range. SI 

conversion factors: cortisol x 27.59; ACTH x 0.22. CVE: cardiovascular event. Smokers: individuals who 

smoked any tobacco (including beedies, pipes, and other forms) during the observational period. LDL: low 

density lipoprotein; 
1
among hypertensive patients; 

2
among diabetic patients. 
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Table 3. Association between serum cortisol levels after 1mg-dexamethasone suppression test ≥1.8 µg/dL 

and the occurrence of cardiovascular event after adjustment for comorbidities and other possible contributing 

factors using the logistic regression analysis. 

 

 Odds ratio 95% CI P value 

Female gender 1.6 0.9-2.7 0.13 

Age (1 year increase) 1.03 1.0-1.1 0.023 

Familiar history of CVE (presence vs absence) 1.1 0.6-1.9 0.724 

T2DM (presence vs absence) 1.9 1.1-3.4 0.025 

AH (presence vs absence) 4.3 1.8-9.8 0.001 

DL (presence vs absence) 1.8 1.1-3.1 0.032 

Smoke (presence vs absence) 1.8 1.1-3.2 0.03 

Duration of observation period (1 month increase) 1.0 1.0-1.0 0.489 

1mg-DST ≥1.8 µg/dL (presence vs absence) 2.5 1.5-4.2 <0.001 

 

AH: arterial hypertension; DL: dyslipidemia; T2DM: type 2 diabetes mellitus; smoke: smoke of any tobacco 

(including beedies, pipes, and other forms) during the observational period. 1mg-DST: serum cortisol levels 

at 08:00 h after 1mg-dexamethasone suppression test. CVE: cardiovascular event. 
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Table 4 Association between serum cortisol levels after 1mg-dexamethasone suppression test ≥1.8 µg/dL 

and the occurrence of cardiovascular event after adjustment for the comorbidities score and other possible 

contributing factors using the logistic regression analysis. 

 

 Odds ratio 95% CI P value 

Female gender 1.7 1.0-2.9 0.04 

Age (1 year increase) 1.0 1.0-1.1 0.001 

Familiar history of CVE (presence vs absence) 1.1 0.6-1.9 0.740 

Comorbidity score (<2 or ≥2) 2.9 1.7-4.9 <0.001 

Smoke (presence vs absence) 1.6 1.0-2.9 0.053 

Duration of observation period (1 month increase) 1.0 1.0-1.0 0.638 

1mg-DST ≥1.8 µg/dL (presence vs absence) 2.7 1.6-4.5 <0.001 

 

AH: arterial hypertension; DL: dyslipidemia; T2DM: type 2 diabetes mellitus; smoke: smoke of any tobacco 

(including beedies, pipes, and other forms) during the observational period. 1mg-DST: serum cortisol levels 

at 08:00 h after 1mg-dexamethasone suppression test. comorbidities score: sum of the comorbidities (type 2 

diabetes, arterial hypertension, dyslipidemia 

Page 23 of 25

eje@bioscientfica.com

Manuscript submitted for review to European Journal of Endocrinology



For Review
 O

nly

  

 

 

Figure 1: The receiver operating characteristic (ROC) curve analysis showing the association between serum 
cortisol levels at 08:00 h after 1mg-dexamethasone suppression test (1mg-DST) and the occurrence of 

cardiovascular events  

 
The ROC curve showed that the cut-off of cortisol levels after 1mg-DST set at 1.8 µg/dl had the best 

compromise between sensitivity (SN, 63%) and specificity (SP, 66%) in predicting  CVE (area under the 
curve, AUC, 0.673, p<0.0001).  
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Figure 2: Semantic connectivity map of studied variables.  
 

The semantic connectivity map showed that the occurrence of a cardiovascular event (CVE) was directly 

associated to the presence of cortisol levels at 08:00 h after 1mg-dexamethasone suppression test (1mg-
DST)  ≥ 1.8 µg/dL, arterial hypertension and male gender (included within a triangle).  
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