
 
 

University of Birmingham

Cardiometabolic disease burden and steroid
excretion in benign adrenal tumors
Prete, Alessandro; Subramanian, Anuradhaa; Bancos, Irina; Chortis, Vasileios; Tsagarakis,
Stylianos; Lang, Katharina; Macech, Magdalena; Delivanis, Danae; Pupovac, Ivana;
Reimondo, Giuseppe; Marina, Ljiljana; Deutschbein, Timo; Balomenaki, Maria ; O'reilly,
Michael; Gilligan, Lorna; Jenkinson, Carl; Bednarczuk, Tomasz ; Zhang, Catherine; Dusek,
Tina; Diamantopoulos, Aristidis
DOI:
10.7326/M21-1737

License:
None: All rights reserved

Document Version
Peer reviewed version

Citation for published version (Harvard):
Prete, A, Subramanian, A, Bancos, I, Chortis, V, Tsagarakis, S, Lang, K, Macech, M, Delivanis, D, Pupovac, I,
Reimondo, G, Marina, L, Deutschbein, T, Balomenaki, M, O'reilly, M, Gilligan, L, Jenkinson, C, Bednarczuk, T,
Zhang, C, Dusek, T, Diamantopoulos, A, Asia, M, Kondracka, A, Li, D, Masjkur, J, Quinkler, M, Ueland, G,
Dennedy, C, Beuschlein, F, Tabarin, A, Fassnacht, M, Ivovic, M, Terzolo, M, Kastelan, D, Young Jr, W,
Manolopoulos, K, Ambroziak, U, Vassiliadi, D, Taylor, A, Sitch, A, Nirantharakumar, K & Arlt, W 2022,
'Cardiometabolic disease burden and steroid excretion in benign adrenal tumors: a cross-sectional multicenter
study', Annals of internal medicine, vol. 175, no. 3, pp. 325-334. https://doi.org/10.7326/M21-1737

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 20. Apr. 2024

https://doi.org/10.7326/M21-1737
https://doi.org/10.7326/M21-1737
https://birmingham.elsevierpure.com/en/publications/110928de-45a1-4c7c-a40b-94ce12e2228d


1 
 

Appendix 

 

Cardiometabolic disease burden and steroid excretion in benign adrenal tumors: a cross-sectional 

multi-center study  

 

List of ENSAT EURINE-ACT Investigators who were involved in the data collection and analysis 

of the original EURINE-ACT study (1) 

(listed in alphabetical order by country and institution) 

* EURINE-ACT investigator who also fulfills authorship criteria for this study (participated in discussion 

and editorial revision). 

 

Australia 

 School of Computing and Information, University of Melbourne, Melbourne, Australia (Stephan 

Glöckner, Richard O. Sinnott, Anthony Stell) 

Brazil 

 Adrenal Unit, Division of Endocrinology and Metabolism, Hospital das Clinicas, University of São 

Paulo Medical School, Institute of Cancer of São Paulo, São Paulo Brazil (Maria Candida B. V. 

Fragoso) 

Croatia 

 Department of Endocrinology, University Hospital Centre Zagreb, Zagreb, Croatia (Darko Kastelan*, 

Ivana Dora Pupovac*, Bojana Simunov) 

France 
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 Department of Endocrinology, Hôpital Haut Lévêque, CHU de Bordeaux, Pessac, France (Sarah 

Cazenave, Magalie Haissaguerre, Antoine Tabarin*) 

 National Expert Centre for Rare Adrenal Cancers, Covhin Hospital, Institut Cochin, Institut National 

de la Santé et de la Recherche Medicale Unite 1016, René Descartes University, Paris (Jérôme 

Bertherat, Rossella Libé) 

Germany 

 Endocrinology in Charlottenburg, Berlin, Germany (Tina Kienitz, Marcus Quinkler*) 

 Institute of Clinical Chemistry and Laboratory Medicine, University Hospital Carl Gustav Carus, 

Technical University, Dresden, Germany (Katharina Langton, Graeme Eisenhofer) 

 Medizinische Klinik and Poliklinik IV, Ludwig-Maximilians-Universität München, Munich, Germany 

(Felix Beuschlein*, Christina Brugger, Martin Reincke, Anna Riester, Ariadni Spyroglou) 

 Division of Endocrinology and Diabetes, Department of Internal Medicine I, University Hospital, 

University of Würzburg, German and Comprehensive Cancer Centre Mainfranken, University of 

Würzburg, Würzburg, Germany (Stephanie Burger-Stritt, Timo Deutschbein*, Martin Fassnacht*, 

Stefanie Hahner, Matthias Kroiss, Cristina L. Ronchi) 

Greece 

 Department of Endocrinology, Diabetes and Metabolism, Evangelismos Hospital, Athens, Greece 

(Sotiria Palimeri, Stylianos Tsagarakis*, Ioanna Tsirou, Dimitra A. Vassiliadi*) 

Italy 

 Department of Clinical and Biological Sciences, San Luigi Hospital, University of Turin, Turin, Italy 

(Vittoria Basile, Elisa Ingargiola, Giuseppe Reimondo*, Massimo Terzolo*) 

 Department of Experimental and Clinical Biomedical Sciences, University of Florence, Florence, Italy 

(Letizia Canu, Massimo Mannelli) 
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The Netherlands 

 Department of Internal Medicine, Maxima Medisch Centrum, Eindhoven, The Netherlands (Hester 

Ettaieb, Harm R. Haak, Thomas M. Kerkhofs) 

 Department of Health Services Research, and CAPHRI School for Public Health and Primary Care, 

Maastricht University, The Netherlands (Harm R. Haak) 

 Bernoulli Institute for Mathematics, Computer Science and Artificial Intelligence, University of 

Groningen, Groningen, The Netherlands (Michael Biehl) 

 Department of Internal Medicine, Division of Endocrinology, Erasmus Medical Centre, University 

Medical Centre Rotterdam, Rotterdam, The Netherlands (Richard A. Feelders, Johannes Hofland, Leo 

J. Hofland) 

Norway 

 Department of Clinical Science, University of Bergen, and Department of Medicine, Haukeland 

University Hospital, Bergen, Norway (Marianne A. Grytaas, Eystein S. Husebye, Grethe A. Ueland*) 

Poland 

 Department of Internal Medicine and Endocrinology, Medical University of Warsaw, Warsaw, Poland 

(Urszula Ambroziak*, Tomasz Bednarczuk*, Agnieszka Kondracka*, Magdalena Macech*, Malgorzata 

Zawierucha) 

Portugal 

 Department of Endocrinology, University Hospital of Coimbra, Coimbra, Portugal (Isabel Paiva) 

Republic of Ireland 

 School of Medicine, National University of Ireland Galway (NUIG), Galway, Republic of Ireland (M. 

Conall Dennedy*, Ahmed Sajwani) 
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 Department of Endocrinology, Beaumont Hospital, Dublin, and the Royal College of Surgeons in 

Ireland, Dublin, Republic of Ireland (Mark Sherlock) 

 Department of Endocrinology, St. Vincent’s University Hospital, Dublin, and School of Medicine, 

University College Dublin, Dublin, Republic of Ireland (Rachel K. Crowley) 

Serbia 

 Department for Obesity, Reproductive and Metabolic Disorders, Clinic for Endocrinology, Diabetes 

and Metabolic Diseases, University Clinical Centre of Serbia, Faculty of Medicine, University of 

Belgrade, Belgrade, Serbia (Miomira Ivovic*, Ljiljana V. Marina*) 

United Kingdom 

 Institute of Applied Health Research, University of Birmingham, Birmingham, UK (Jonathan J. Deeks, 

Alice J. Sitch*) 

 Institute of Metabolism and Systems Research, University of Birmingham, and Centre for 

Endocrinology, Diabetes and Metabolism, Birmingham Health Partners, Birmingham, UK (Wiebke 

Arlt*, Irina Bancos*, Vasileios Chortis*, Lorna C. Gilligan*, Beverly A. Hughes, Katharina Lang*, 

Hannah E. Ivison, Carl Jenkinson*, Konstantinos Manolopoulos*, Donna M. O’Neil, Michael W. 

O‘Reilly*, Thomas G. Papathomas, Alessandro Prete*, Cristina L. Ronchi, Cedric H.L. Shackleton, 

Angela E. Taylor*) 

 Department of Endocrinology, Queen Elizabeth Hospital, University Hospitals Birmingham NHS 

Foundation Trust, Birmingham, UK (Wiebke Arlt*, Miriam Asia*, Vasileios Chortis*, Katharina Lang*, 

Konstantinos N. Manolopoulos*, Michael W. O’Reilly*, Alessandro Prete*, Cristina L. Ronchi) 

 Department of Hepato-Pancreato-Biliary and Liver Transplant Surgery, Queen Elizabeth Hospital, 

University Hospitals Birmingham NHS Foundation Trust, Birmingham, UK (Robert P. Sutcliffe) 



5 
 

 Department of Radiology, Queen Elizabeth Hospital, University Hospitals Birmingham NHS 

Foundation Trust, Birmingham, UK (Peter Guest) 

 Department of Pathology, Queen Elizabeth Hospital, University Hospitals Birmingham NHS 

Foundation Trust, Birmingham, UK (Kassiani Skordilis) 

United States of America 

 Division of Endocrinology, Metabolism and Nutrition, Mayo Clinic, Rochester, MN, USA (Irina 

Bancos*, Cristian Bancos, Alice Chang, Caroline J. Davidge-Pitts, Danae A. Delivanis*, Dana 

Erickson, Neena Natt, Todd B. Nippoldt, Melinda Thomas, William F. Young Jr.*) 

 UCSF Benioff Children’s Hospital Oakland Research Institute, Oakland, California, CA, USA (Cedric 

H.L. Shackleton) 
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APPENDIX TABLES 

Appendix Table 1: Clinical assessments, methods for data collection and analysis, and definition of clinical outcomes in the 

ENSAT EURINE-ACT study. 
 

Type of clinical assessments 

carried out to assess 

cardiometabolic risk 

Nurse- or doctor-led clinical assessment which included: 

 Collection of medical data including: 

o Demographics. 

o General health. 

o Longstanding illness. 

o Doctor-diagnosed hypertension. 

o Doctor-diagnosed diabetes. 

o Prescribed medicines. 

 Anthropometric measurements including height and weight. 

 Blood sample including glycated hemoglobin (carried out at the discretion of the medical professional). 

 Collection of radiological information concerning the newly diagnosed adrenal tumor(s) including: 

o Maximum tumor diameter. 

o Tumor location. 

 Laboratory work-up to exclude adrenal steroid excess including: 

o 1mg-overnight dexamethasone suppression test.* 

o Adrenocorticotropic hormone. 

o Serum dehydroepiandrosterone sulfate. 

o 24-hour urinary free cortisol. 

 Physical exam to exclude signs of adrenal steroid excess. 

Clinical and laboratory data 

analysis and collection 
 Anthropometric measurements were carried out at the recruiting centers. Height was measured to the nearest cm. Weight was 

measured in kg (one decimal place) using clinically validated scales. 

 Laboratory workup was carried out at the recruiting center according to standardized local protocols which were in agreement 

with the 2016 European Society of Endocrinology/ENSAT guidelines on adrenal incidentalomas, the Endocrine Society 

guidelines on Cushing’s syndrome, and the Endocrine Society guidelines on primary aldosteronism (2-4). Laboratory 

measurements were carried out at the clinical laboratory of each recruiting center. 

 Clinical information was collected through the online ENSAT database. Access to the ENSAT database occurs through a 

unified, security-driven portal that allows targeted upload of pseudonymized patient data. The principal investigator at each 

recruiting center was responsible for data entry in the ENSAT database. All data collectors with access to the ENSAT 

database had to undergo training on how to use the online platform and the same person was responsible at each site for data 

entry throughout the study. 

 After recruitment was completed, we asked each site to review the available information against their local databases to 

obtain any variables that were missing in the online ENSAT database. Any variable that was inconsistent with the rest of the 

available records was queried and resolved with each site. 

Centralized 24-hour urine 

multi-steroid profiling 
 Each study participant provided a 24-hour urine sample, and the volume of the 24-h collection was recorded.  

 The samples were aliquoted on the day of collection and stored locally at -20°C.  
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 The samples were transported on dry ice to the University of Birmingham, UK, for mass spectrometry analysis in the Steroid 

Metabolome Analysis Core of the Institute of Metabolism and Systems Research, as previously described (1). 

Definitions of clinical 

outcomes – hypertension 

Hypertension was defined as: 

 Doctor-diagnosed hypertension at the time of the clinical assessment (i.e. the patient presented with a previous diagnosis of 

hypertension from a medical doctor), or 

 Treatment with anti-hypertensives at the time of the clinical assessment. 

Definitions of clinical 

outcomes – treatment with 3 

or more anti-hypertensives 

The outcome was defined as the combination of: 

 Diagnosis of hypertension (see criteria above), and 

 Treatment with three or more anti-hypertensive medications at the time of the clinical assessment. 

Definitions of clinical 

outcomes – pre-diabetes 

The outcome was defined as glycated hemoglobin 5.7-6.4% (39–47 mmol/mol). 

Definitions of clinical 

outcomes – type 2 diabetes 

Diabetes was defined as: 

 Doctor-diagnosed diabetes at the time of the clinical assessment (i.e. the patient presented with a previous diagnosis of 

diabetes from a medical doctor), or 

 Treatment with anti-diabetes medications at the time of the clinical assessment, or 

 Glycated hemoglobin ≥6.5% (48 mmol/mol) at the time of the clinical assessment. 

Type 1 diabetes was excluded based on clinical assessment and medical history. 

Definitions of clinical 

outcomes – type 2 diabetes 

treated with insulin 

The outcome was defined as the combination of: 

 Diagnosis of type 2 diabetes (see criteria above), and 

 Treatment with any type of injectable insulin at the time of the clinical assessment. 

Definitions of clinical 

outcomes – dyslipidemia 

The outcome was defined as treatment with lipid-lowering agents other than for secondary cardiovascular prevention at the time 

of the clinical assessment. Persons on treatment following a major cardiovascular event such as ischemic heart disease and stroke 

(secondary prevention) were excluded. Blood samples for lipids taken at the time of the clinical assessment were not considered 

for the diagnosis of dyslipidemia. 

Percentage of subjects for 

whom the information on 

clinical outcomes and 

anthropometric 

measurements was missing 

at the time of the clinical 

assessment† 

Hypertension 0.1% 

Treatment with 3 or more anti-hypertensives 0 

Glucose metabolism status 25.6% 

Type 2 diabetes treated with insulin 0 

Dyslipidemia 1.1% 

Body mass index 2.1% 

Percentage of subjects for 

whom the information on 

biochemical results was 

missing at the time of the 

clinical assessment† 

1mg-overnight dexamethasone suppression test 0 

Adrenocorticotropic hormone 19.2 

Serum dehydroepiandrosterone sulfate 25.4 

24-hour urinary free cortisol 31.7 

* Four German centers did not perform the 1mg-DST in patients lacking clinical signs of overt cortisol excess (Cushing’s syndrome) during the initial stages of 

recruitment (see also Appendix Table 3).  
† This information refers to the 1305 patients included in this study. 

 

  



8 
 

Appendix Table 2: Nomenclature and origin of the 16 urinary steroid metabolites quantified by liquid chromatography-

tandem mass spectrometry.  

 

Abbreviation Name Metabolite of 

 

An Androsterone Androstenedione, testosterone, 5α-dihydrotestosterone 

Etio Etiocholanolone Androstenedione, testosterone 

DHEA Dehydroepiandrosterone DHEA, DHEAS 

5-PT Pregnenetriol 17-hydroxypregnenolone 

5-PD Pregnenediol Pregnenolone 

PD Pregnanediol Progesterone 

PT Pregnanetriol 17-hydroxyprogesterone 

17HP 17-hydroxypregnanolone 17-hydroxyprogesterone 

THS Tetrahydro-11-deoxycortisol 11-deoxycortisol 

F Cortisol Cortisol 

THF Tetrahydrocortisol Cortisol 

5α-THF 5α-tetrahydrocortisol Cortisol 

11-OH-Et 11-hydroxyetiocholanolone Cortisol 

E Cortisone Cortisone 

THE Tetrahydrocortisone Cortisone 

β-cortolone β-cortolone Cortisone 
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Appendix Table 3: Centre-specific distribution of ENSAT EURINE-ACT study participants with benign adrenocortical 

adenomas categorized according to cortisol excess. 

Abbreviations: 1mg-DST, 1mg-overnight dexamethasone suppression test; CS, Cushing’s syndrome; MACS, mild autonomous cortisol 

secretion; NFAT, non-functioning adrenal tumor. 

 

Centre All EURINE-ACT 

participants with 

benign 

adrenocortical 

adenomas*, n (%) 

EURINE-ACT 

participants with 

benign adrenocortical 

adenomas and 

available 1mg-DST 

result†, n (%) 

NFAT, n (%)  MACS-1, n (%) MACS-2, n (%) CS, n (%) 

Athens, Greece 215 (13.5) 206 (15.8) 106 (51.5) 70 (34.0) 17 (8.3) 13 (6.3) 

Birmingham, UK 209 (13.2) 196 (15.0) 105 (53.6) 61 (31.1) 23 (11.7) 7 (3.6) 

Warsaw, Poland 199 (12.5) 196 (15.0) 100 (51.0) 71 (36.2) 19 (9.7) 6 (3.1) 

Rochester, MN, USA 203 (12.8) 175 (13.4) 94 (53.7) 52 (29.7) 20 (11.4) 9 (5.1) 

Zagreb, Croatia 116 (7.3) 116 (8.9) 57 (49.1) 42 (36.2) 12 (10.3) 5 (4.3) 

Turin, Italy 89 (5.6) 85 (6.5) 38 (44.7) 40 (47.1) 5 (5.9) 2 (2.4) 

Belgrade, Serbia 68 (4.3) 68 (5.2) 39 (57.4) 27 (39.7) 2 (2.9) 0 (0) 

Würzburg, Germany 103 (6.5) 56 (4.3) 19 (33.9) 18 (32.1) 12 (21.4) 7 (12.5) 

Bordeaux, France 57 (3.6) 47 (3.6) 24 (51.1) 16 (34.0) 4 (8.5) 3 (6.4) 

Munich, Germany 109 (6.9) 43 (3.3) 17 (39.5) 13 (30.2) 6 (14.0) 7 (16.3) 

Galway, Ireland 45 (2.8) 42 (3.2) 27 (64.3) 11 (26.2) 3 (7.1) 1 (2.4) 

Bergen, Norway 34 (2.1) 34 (2.6) 6 (17.6) 17 (50.0) 9 (26.5) 2 (5.9) 

Berlin, Germany 108 (6.8) 23 (1.8) 7 (30.4) 9 (39.1) 5 (21.7) 2 (8.7) 

Dresden, Germany 33 (2.1) 18 (1.4) 10 (55.6) 4 (22.2) 3 (16.7) 1 (5.6) 

TOTAL 1588 1305 (100.0) 649 (49.7) 451 (34.6) 140 (10.7) 65 (5.0) 

* After exclusion of participants with primary aldosteronism and participants with cortisol excess due to primary bilateral macronodular adrenal hyperplasia. 
† These are the EURINE-ACT participants included in this study. 
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Appendix Table 4: Associations between clinical, radiological, and biochemical parameters of persons with benign 

adrenocortical tumors and different degrees of cortisol excess.  

Percentage changes are reported, derived from the linear regression with log-transformed outcomes. All models were adjusted by age, 

sex, and BMI. Abbreviations: 1mg-DST, 1mg-overnight dexamethasone suppression test; ACTH, adrenocorticotropic hormone; CS, 

Cushing’s syndrome; DHEAS, dehydroepiandrosterone sulfate; MACS, mild autonomous cortisol secretion; NFAT, non-functioning 

adrenal tumor; UFC, urinary free cortisol. 
 

OUTCOMES 

VARIABLES 

1mg-DST Maximum tumor diameter Plasma ACTH Serum DHEAS 

Percentage change  

(95% CI) 

Percentage change  

(95% CI) 

Percentage change  

(95% CI) 

Percentage change  

(95% CI) 

All subjects (n=1305) 

Maximum tumor diameter 0.08 (0.06, 0.11)        

Plasma ACTH -0.28 (-0.33, -0.24) -0.86 (-1.22, -0.49)     

Serum DHEAS -0.24 (-0.29, -0.19) -0.92 (-1.32, -0.53) 3.88 (2.04, 5.72)   

24-hour UFC 0.19 (0.14, 0.24) 0.82 (0.38, 1.26) -2.01 (-4.20, 0.18) 1.93 (-1.60, 5.46) 

After excluding subjects with CS (n=1240) 

Maximum tumor diameter 0.13 (0.10, 0.17)       

Plasma ACTH -0.30 (-0.36, -0.24) -0.76 (-1.10, -0.41)     

Serum DHEAS -0.24 (-0.31, -0.17) -0.93 (-1.32, -0.55) 3.32 (1.52, 5.13)   

24-hour UFC 0.07 (-0.01, 0.14) 0.71 (0.29, 1.14) -1.25 (-3.37, 0.88) 4.17 (0.67, 7.68) 

 

  



11 
 

Appendix Table 5: Clinical characteristics of ENSAT EURINE-ACT study participants with benign adrenocortical adenomas 

comparing participants with unilateral vs. those with bilateral adrenocortical tumors.  

Persons with Cushing’s syndrome were excluded from the analysis because of their low number (n=65). Values are reported as median 

(interquartile range), unless otherwise stated. The analysis of cardiometabolic outcomes is based on a Poisson regression model 

(unilateral tumors used as the reference). Results are reported as prevalence ratios and 95% confidence intervals (CI); both unadjusted 

and age-, sex-, and BMI-adjusted prevalence ratios are reported. Missing cardiometabolic outcome data were replaced using multiple 

imputation using chained equations with age, sex, and BMI as covariates. Imputations for treatment with ≥3 anti-hypertensives, type 2 

diabetes and insulin treatment were conditional to patients with hypertension, dysglycemia and type 2 diabetes, respectively. 

Abbreviations: 1mg-DST, 1mg-overnight dexamethasone suppression test; ACTH, adrenocorticotropic hormone; BMI, body mass 

index; DHEAS, dehydroepiandrosterone sulfate; MACS, mild autonomous cortisol secretion; NFAT, non-functioning adrenal tumor; 

UFC, urinary free cortisol. 
 

 NFAT + MACS (n=1240) NFAT only (n=649) MACS only (n=591) 

Unilateral tumors 

(n=955) 

Bilateral tumors 

(n=285) 

Unilateral tumors 

(n=542) 

Bilateral tumors 

(n=107) 

Unilateral tumors 

(n=413) 

Bilateral tumors 

(n=178) 

Women, n (%) 631 (66.1) 190 (66.7) 350 (64.6) 66 (61.7) 281 (68.0) 124 (69.7) 

Age (years) 61 (52-67) 60 (54-68) 59 (50-65) 58 (53-65) 64 (56-71) 62 (55-70) 

BMI (kg/m2) 

- Lean (BMI <25), n (%) 

- Overweight (BMI 25-30), n (%) 

- Obesity (BMI ≥30), n (%) 

29.2 (25.3-33.7) 

216 (22.6) 

294 (30.8) 

420 (44.0) 

28.7 (25.4-33.0) 

61 (21.4) 

109 (38.2) 

113 (39.6) 

29.6 (25.8-34.1) 

108 (19.9) 

163 (30.1) 

249 (45.9) 

28.7 (25.9-33.4) 

21 (19.6) 

39 (36.4) 

47 (43.9) 

28.9 (24.7-33.1) 

108 (26.2) 

131 (31.7) 

171 (41.4) 

28.7 (25.4-32.4) 

40 (22.5) 

70 (39.3) 

66 (37.1) 

Maximum tumor diameter (mm)* 25 (18-35) 29 (20-37) 21 (15-30) 23 (18-30) 30 (23-40) 30 (24-40) 

1mg-DST (nmol/L) 45 (31-75) 62 (41-100) 33 (27-40) 34 (29-43) 83 (63-135) 85 (65-134) 

Plasma ACTH (pmol/L) 2.64 (1.54-4.18) 2.02 (1.29-3.51) 3.07 (2.02-4.89) 2.42 (1.56-4.73) 2.01 (1.15-3.26) 1.83 (1.20-3.00) 

Serum DHEAS (µmol/L) 1.44 (0.73-2.81) 1.39 (0.79-2.61) 1.90 (0.97-3.42) 1.90 (1.11-2.84) 1.02 (0.51-2.08) 1.17 (0.68-2.05) 

24-hour UFC (nmol/24h) 127 (58-204) 174 (86-254) 124 (63-196) 177 (83-257) 127 (55-213) 168 (94-246) 

Hypertension, n (%) 649 (67.9) 213 (74.7) 3413(63.3) 73 (68.2) 306 (74.1) 140 (78.7) 

Unadjusted prevalence ratios (95% CI) 1.10 (1.01-1.19) 1.08 (0.93-1.25) 1.06 (0.96-1.17) 

Adjusted prevalence ratios (95% CI) 1.08 (1.00-1.17) 1.06 (0.92-1.22) 1.07 (0.98-1.17) 

Treatment with ≥3 anti-hypertensives, n (%)† 228 (35.2) 92 (43.4) 115 (33.5) 27 (37.7) 113 (37.1) 65 (46.4) 

Unadjusted prevalence ratios (95% CI) 1.23 (1.02-1.49) 1.12 (0.80-1.57) 1.25 (0.98-1.59) 

Adjusted prevalence ratios (95% CI) 1.28 (1.06-1.55) 1.21 (0.87-1.69) 1.28 (1.01-1.62) 

Dysglycemia, n (%) 475 (49.7) 166 (58.3) 262 (48.4) 58 (54.7) 212 (51.4) 108 (60.4) 

Unadjusted prevalence ratios (95% CI) 1.17 (1.03-1.34) 1.28 (0.91-1.39) 1.17 (0.99-1.39) 

Adjusted prevalence ratios (95% CI) 1.15 (1.02-1.31) 1.09 (0.89-1.34) 1.20 (1.01-1.41) 

Type 2 diabetes, n (%) 283 (29.6) 81 (28.3) 146 (26.9) 26 (24.0) 137 (33.3) 55 (30.8) 
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Unadjusted prevalence ratios (95% CI) 0.95 (0.76-1.19) 0.89 (0.59-1.35) 0.92 (0.70-1.22) 

Adjusted prevalence ratios (95% CI) 0.94 (0.76-1.16) 0.86 (0.58-1.28) 0.95 (0.73-1.24) 

Insulin treatment, n (%)‡ 68 (23.9) 14 (17.7) 27 (18.9) 1 (5.8) 40 (29.1) 13 (23.3) 

Unadjusted prevalence ratios (95% CI) 0.74 (0.42-1.30) 0.29 (0.05-1.79) 0.80 (0.45-1.44) 

Adjusted prevalence ratios (95% CI) 0.75 (0.43-1.30) 0.32 (0.05-1.91) 0.82 (0.46-1.47) 

Dyslipidemia, n (%) 303 (31.7) 95 (33.6) 155 (28.5) 32 (30.4) 148 (35.9) 63 (35.4) 

Unadjusted prevalence ratios (95% CI) 1.06 (0.87-1.28) 1.06 (0.77-1.46) 0.99 (0.78-1.25) 

Adjusted prevalence ratios (95% CI) 1.04 (0.86-1.25) 1.02 (0.75-1.39) 1.01 (0.80-1.28) 
* For bilateral tumors, the maximum diameter of the larger adrenal mass was considered. 
† Considering only subjects with a diagnosis of hypertension. 
‡ Considering only subjects with a diagnosis of type 2 diabetes. 
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Appendix Table 6: Poisson regression models to investigate the relationship between cardiometabolic disease and clinical, 

radiological, and biochemical parameters.  

Relationships reported as prevalence ratios and 95% confidence intervals (CI). Unadjusted and adjusted prevalence ratios are reported; 

adjusted models included age, sex and BMI as covariates. All continuous exposure variables (1mg-DST, tumor diameter, plasma ACTH, 

serum DHEAS, and 24-hour UFC) were scaled to clinically meaningful incremental units, as indicated in the “Variables” column. 

Missing outcome data were replaced using multiple imputation using chained equations with age, sex, and BMI as covariates. 

Imputations for treatment with ≥3 anti-hypertensives, type 2 diabetes and insulin treatment were conditional to patients with 

hypertension, dysglycemia and type 2 diabetes, respectively. Abbreviations: 1mg-DST, 1mg-overnight dexamethasone suppression test; 

ACTH, adrenocorticotropic hormone; DHEAS, dehydroepiandrosterone sulfate; UFC: urinary free cortisol. 
 

VARIABLES  Hypertension Treatment with 

≥3 anti-

hypertensives 

Dysglycemia 

 

Type 2 diabetes Insulin treatment Dyslipidemia 

 Prevalence ratio  

(95% CI) 

Prevalence ratio 

(95% CI) 

Prevalence ratio  

(95% CI) 

Prevalence ratio  

(95% CI) 

Prevalence ratio  

(95% CI) 

Prevalence ratio  

(95% CI) 

 All subjects (n=1305) 

1mg-DST  

(unit: 10 nmol/L) 

Unadj. 1.00 (1.00-1.01) 1.01 (1.00-1.01) 1.00 (0.99-1.00) 1.00 (1.00-1.01) 1.01 (1.00-1.02) 1.00 (0.99-1.00) 

Adj. 1.01 (1.00-1.01) 1.01 (1.01-1.02) 1.00 (1.00-1.01) 1.01 (1.00-1.01) 1.02 (1.00-1.03) 1.00 (0.99-1.01) 

 

Maximum tumor 

diameter (unit: 5mm) 

Unadj. 1.00 (0.99-1.02) 1.01 (0.98-1.04) 1.00 (0.98-1.02) 1.00 (0.97-1.04) 1.02 (0.96-1.08) 0.97 (0.95-1.00) 

Adj. 1.00 (0.99-1.02) 1.01 (0.98-1.04) 0.99 (0.97-1.02) 1.00 (0.97-1.04) 1.02 (0.96-1.08) 0.97 (0.95-1.00) 

 

Bilateral tumors Unadj. 1.10 (1.02-1.19) 1.17 (0.97-1.41) 1.17 (1.03-1.33) 0.97 (0.78-1.20) 0.77 (0.46-1.30) 1.06 (0.88-1.28) 

Adj. 1.08 (1.01-1.17) 1.21 (1.00-1.45) 1.15 (1.02-1.30) 0.95 (0.77-1.17) 0.78 (0.47-1.29) 1.04 (0.86-1.24) 

 

Plasma ACTH  

(unit: 1.1 pmol/L) 

Unadj. 0.99 (0.98-1.01) 0.97 (0.93-1.01) 1.00 (0.98-1.02) 1.01 (0.99-1.04) 1.00 (0.95-1.05) 1.00 (0.98-1.03) 

Adj. 0.99 (0.97-1.01) 0.95 (0.91-1.00) 1.00 (0.98-1.02) 1.01 (0.98-1.05) 0.99 (0.94-1.05) 0.99 (0.96-1.02) 

 

Serum DHEAS 

(unit: 0.5 μmol/L) 

Unadj. 0.99 (0.98-1.00) 0.99 (0.97-1.01) 0.98 (0.97-1.00) 0.99 (0.96-1.01) 0.94 (0.87-1.01) 0.95 (0.92-0.98) 

Adj. 1.00 (0.99-1.01) 0.99 (0.96-1.01) 0.99 (0.98-1.01) 1.00 (0.98-1.02) 0.96 (0.89-1.03) 0.96 (0.93-0.99) 

 

24-hour UFC 

(unit: 25 nmol/24h) 

Unadj. 1.00 (1.00-1.00) 1.01 (1.00-1.01) 1.00 (0.99-1.01) 1.00 (0.99-1.01) 0.99 (0.96-1.02) 0.99 (0.98-1.00) 

Adj. 1.00 (1.00-1.01) 1.01 (1.00-1.02) 1.00 (1.00-1.01) 1.01 (1.00-1.02) 1.00 (0.97-1.03) 1.00 (0.99-1.01) 

 After excluding subjects with CS (n=1240) 

1mg-DST  

(unit: 10 nmol/L) 

Unadj. 1.00 (1.00-1.01) 1.01 (1.00-1.02) 1.00 (0.99-1.01) 1.01 (1.00-1.02) 1.01 (1.00-1.03) 1.01 (1.00-1.02) 

Adj. 1.00 (1.00-1.01) 1.01 (1.00-1.02) 1.00 (0.99-1.01) 1.00 (1.00-1.01) 1.01 (0.99-1.03) 1.01 (1.00-1.02) 
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Maximum tumor 

diameter (unit: 5mm) 

Unadj. 1.00 (0.99-1.02) 1.00 (0.97-1.03) 0.99 (0.97-1.01) 1.00 (0.97-1.03) 1.02 (0.95-1.09) 0.98 (0.95-1.01) 

Adj. 1.00 (0.99-1.01) 1.00 (0.97-1.03) 0.99 (0.97-1.01) 1.00 (0.97-1.03) 1.01 (0.95-1.08) 0.98 (0.95-1.00) 

 

Bilateral tumors Unadj. 1.10 (1.01-1.19) 1.23 (1.02-1.49) 1.17 (1.03-1.34) 0.95 (0.76-1.19) 0.74 (0.43-1.30) 1.06 (0.87-1.28) 

Adj. 1.08 (1.00-1.17) 1.28 (1.06-1.55) 1.15 (1.02-1.31) 0.94 (0.76-1.16) 0.75 (0.43-1.30) 1.04 (0.86-1.25) 

 

Plasma ACTH  

(unit: 1.1 pmol/L) 

Unadj. 0.99 (0.98-1.01) 0.98 (0.94-1.02) 1.00 (0.98-1.02) 1.01 (0.99-1.04) 1.01 (0.97-1.05) 1.00 (0.97-1.02) 

Adj. 0.99 (0.98-1.01) 0.97 (0.92-1.01) 1.00 (0.98-1.02) 1.02 (0.99-1.05) 1.01 (0.97-1.06) 0.99 (0.95-1.02) 

 

Serum DHEAS 

(unit: 0.5 μmol/L) 

Unadj. 0.99 (0.98-1.00) 0.99 (0.97-1.01) 0.98 (0.97-1.00) 0.99 (0.96-1.01) 0.95 (0.89-1.03) 0.94 (0.91-0.97) 

Adj. 1.00 (0.99-1.01) 0.99 (0.97-1.01) 0.99 (0.97-1.01) 1.00 (0.98-1.02) 0.97 (0.91-1.05) 0.95 (0.92-0.98) 

 

24-hour UFC 

(unit: 25 nmol/24h) 

Unadj. 1.00 (0.99-1.00) 1.00 (0.99-1.01) 1.00 (0.99-1.01) 1.00 (0.99-1.02) 0.96 (0.90-1.02) 1.00 (0.99-1.01) 

Adj. 1.00 (1.00-1.01) 1.01 (0.99-1.02) 1.01 (1.00-1.01) 1.01 (1.00-1.02) 0.97 (0.91-1.03) 1.01 (0.99-1.02) 
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Appendix Figure 1: Schematic overview of urine steroid metabolites analyzed in the study participants. Multi-steroid profiling of 

24-hour urine samples was carried out by liquid chromatography-tandem mass spectrometry (LC-MS/MS) with quantification of 16 

distinct steroid metabolites. Steroid metabolites are schematically mapped onto the steroidogenic pathways leading to glucocorticoid 

and androgen biosynthesis. 
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Appendix Figure 2: Prevalence of hypertension, type 2 diabetes, and dyslipidemia in subjects with non-functioning adrenal 

tumors (NFAT; post-dexamethasone serum cortisol <50 nmol/L) stratified according to serum cortisol concentrations after 

1mg dexamethasone overnight in 10 nmol/L increments.  The dotted lines represent the prevalence of cardiometabolic disease in 

the entire NFAT group. 
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