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RESUMEN 
 

Los incidentalomas suprarrenales (IS) son uno de los motivos de consulta más 

frecuentes en Endocrinología. En todo paciente con un IS de nuevo diagnóstico se deben valorar 

dos aspectos fundamentales: a) su naturaleza benigna o maligna y b) su funcionalidad. Sin 

embargo, a pesar de que la secreción autónoma de cortisol (SAC) está presente en hasta un 50% 

de los IS y se asocia a un aumento de la morbimortalidad, las pruebas hormonales de las que 

disponemos en la actualidad para establecer su diagnóstico presentan múltiples limitaciones. 

Por otra parte, incluso en IS aparentemente no funcionantes se ha observado un mayor riesgo 

cardio-metabólico y de mortalidad que en la población general. Este mayor riesgo podría estar 

justificado por la presencia de alteraciones incipientes en el metabolismo del cortisol no 

detectadas con las pruebas clásicas y que, con el tiempo, pueden progresar hasta hacerse 

detectables. Esto conlleva la necesidad de reevaluar periódicamente la capacidad autónoma 

para secretar cortisol en los pacientes con IS no funcionantes (ISNF). Por tanto, sería deseable 

identificar marcadores que permitan determinar, de forma más precoz y precisa, alteraciones 

en la secreción de cortisol que puedan tener una posible repercusión cardio-metabólica y/o 

marcadores clínicos, radiológicos y/o bioquímicos asociados a un mayor riesgo de desarrollar 

SAC en pacientes con ISNF. 

En nuestro estudio hemos encontrado que ciertas características clínicas, bioquímicas y 

radiológicas permiten estratificar el riesgo de desarrollar SAC en ISNF. Encontramos que el mejor 

modelo predictivo de desarrollo de SAC a lo largo del seguimiento combinó las variables edad, 

nivel de cortisol sérico tras el test de supresión con 1 mg de dexametasona (TSD) y la 

bilateralidad de los IS en el momento del diagnóstico. Los pacientes con ISNF con el riesgo más 

bajo de desarrollar SAC a lo largo del seguimiento fueron aquellos de menos de 50 años con 

valores de cortisol post-TSD <0,45 µg/dl y con tumores unilaterales (riesgo del 2,42%).  Por otra 

parte, en el estudio dirigido del perfil de metabolitos esteroideos urinarios, encontramos que 

los pacientes con ISNF presentan una menor excreción de metabolitos de andrógenos y una 

mayor excreción de cortisol libre urinario que los pacientes sin tumores suprarrenales. Estos 

hallazgos sugieren que los ISNF presentan anomalías sutiles en la secreción de esteroides, 

detectadas por la metabolómica urinaria, que podrían contribuir a la presencia de un perfil 

cardiometabólico más desfavorable. Estos resultados sugieren que es posible desarrollar un 

modelo diagnóstico-terapéutico de precisión que integre la información clínica, bioquímica y 

radiológica para individualizar el seguimiento de los pacientes con ISNF en función de la 

presencia de marcadores de riesgo de desarrollar SAC. 
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ABSTRACT 

Adrenal incidentalomas (AI) are one of the most frequent consultations in 

Endocrinology. In all patients with a newly diagnosed AI, two fundamental aspects should be 

assessed: a) its benign or malignant nature; and b) its functionality. Autonomous cortisol 

secretion (ACS) is present in up to 50% of Ais and it is associated with increased morbidity and 

mortality. However, currently available hormonal tests to establish ACS diagnosis present 

multiple limitations. Moreover, a higher cardio-metabolic and mortality risk has been observed 

in apparently non-functioning AIs than in the general population. This could be justified by 

incipient alterations in cortisol metabolism undetected by classical tests. Over time, these 

alterations may progress, thus becoming detectable. This possibility requires reassessing the 

autonomous  cortisol secretion periodically in patients with non-functioning AIs (NFAIs). 

Therefore, it would be desirable to identify precise markers of early alterations in cortisol 

secretion with possible cardio-metabolic repercussions; and clinical, radiological and/or 

biochemical markers associated with an increased risk of ACS development in patients with 

NFAIs.  

This thesis found that some clinical, biochemical, and radiological characteristics allow 

stratifying the risk of developing ACS in NFAI. The best predictive model for the development of 

ACS during follow-up combined the variables age, serum cortisol level after a 1 mg 

dexamethasone suppression test (DST), and the bilaterality of the AI at the time of diagnosis. 

Patients under 50 years of age with unilateral tumors and post-DST cortisol values <0.45 µg/dl 

had the lowest risk for developing ACS during follow-up (2%). Moreover, the study of the urinary 

steroid profile found a lower excretion of androgen metabolites and a higher excretion of 

urinary free cortisol in patients with NFAI than in patients without adrenal tumors. These 

findings suggest that NFAI have subtle abnormalities in the steroid secretion, detected by 

urinary metabolites, which could explain the observed increased cardiometabolic risk of these 

patients. The results of this thesis suggest that clinical, biochemical, and radiological information 

can be integrated to improve diagnosis and to individualize management of patients with NFAI, 

according to the risk for developing ACS.



 

3 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

4 
 

 

 

 

 

 

 

 

 

 

 

  



 

5 
 

 
 

 

 

 

 

 

 

 

 

 

INTRODUCCIÓN 
  



 

6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 

1. GLÁNDULAS SUPRARRENALES: GENERALIDADES

1.1. Anatomía 

En el año 1774, Bartolomeo Eustaquio [1] describió la anatomía de la glándula 

suprarrenal, y posteriormente aclaró su división por zonas y su independencia de la médula 

suprarrenal. Sin embargo, no fue hasta el año 1855 cuando Thomas Addison, en su monografía 

clásica [2], describió los hallazgos clínicos y necroscópicos de 11 casos de enfermedad de 

Addison, dónde se definieron con exactitud las funciones de las glándulas suprarrenales.  

En cuanto a su anatomía, la glándula suprarrenal derecha se relaciona anterior y 

lateralmente con la vena cava inferior y la superficie inferior y posterior del hígado. La glándula 

suprarrenal izquierda se relaciona anterior y medialmente con el páncreas y la vena esplénica. 

La superficie posterior de ambas glándulas está en contacto con el diafragma. Ambas glándulas 

suprarrenales se encuentran en el espacio retroperitoneal, cubiertas por la fascia de Gerota y el 

peritoneo en su superficie anterior y por la fascia latero-conal en su superficie posterior. La 

vascularización procede de las arteriolas derivadas de la arteria aorta, arterias renales y arterias 

frénicas, que se ramifican en un plexo intraglandular drenado por una vena suprarrenal. En el 

lado derecho, la vena suprarrenal se une a la vena cava inferior y en el izquierdo, a la vena renal 

izquierda. 

En relación con su origen embrionario, las células que forman la corteza suprarrenal se 

originan en el mesodermo intermedio y derivan de la cresta urogenital; comparten el origen 

embrionario con las gónadas y los riñones. En la sexta semana de la gestación, un grupo de 

células derivadas de la cresta neural (simpatogonias) originan el sistema nervioso simpático y 

otro grupo de origen mesenquimal invade la corteza suprarrenal para formar la médula 

suprarrenal. La médula suprarrenal se halla en la parte central de la glándula suprarrenal y ocupa 

el 10% de su volumen [3]. En la edad adulta, las glándulas suprarrenales tienen una estructura 

piramidal, un peso aproximado de 4 gramos, una anchura de 2 cm, una longitud de 5 cm y un 

espesor de 1 cm. Se encuentran situadas encima del riñón, sobre su cara posteromedial [4] 

(Figura 1). Respecto a su estructura interna, por debajo de la cápsula, se encuentra la zona 

glomerular que representa aproximadamente el 15% de la corteza suprarrenal. Inmediatamente 

por debajo de esta, se halla la zona fascicular, que representa el 75% de la corteza; y la capa más 

interna es la zona reticular, que separa la corteza de la médula suprarrenal (Figura 1). Cada una 

de estas capas tiene un mecanismo de regulación distinto y produce un tipo de hormonas 

diferente. 
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1.2. Fisiología del eje hipotálamo-hipofiso-adrenal 
 

La corteza suprarrenal produce tres tipos de hormonas: glucocorticoides (cortisol, 

corticosterona), mineralocorticoides (aldosterona, desoxicorticosterona [DOCA]) y esteroides 

sexuales (principalmente andrógenos) (Figura 1). Todas las hormonas esteroideas derivan de la 

estructura ciclopentanoperhidrofenantreno. El colesterol es el precursor común de la 

esteroidogenesis suprarrenal y procede, sobre todo, de la circulación, en forma de colesterol 

unido a lipoproteínas de baja densidad (LDL) [5]. La secreción de glucocorticoides está regulada 

por la producción de la hormona adrenocorticotrófica (ACTH); la de mineralocorticoides 

principalmente por la angiotensina II; y la de los andrógenos suprarrenales parece estar hasta 

cierto punto también bajo el control de la ACTH [4] . 

Las acciones y la regulación de estas clases de esteroides son muy variables [6]. Los 

mineralocorticoides actúan a través del receptor renal de mineralocorticoides de tipo 1 para 

favorecer la reabsorción de sodio y la secreción de potasio. El cortisol y otros glucocorticoides 

ejercen su acción a través del receptor de glucocorticoides de tipo 2 y sus isoformas. Sus 

funciones son diversas e incluyen efectos sobre el metabolismo de los hidratos de carbono, los 

lípidos y el calcio, y el sistema inmunitario y nervioso, entre otras. La dehidroepiandrosterona 

(DHEA) y la dehidroepiandrosterona-sulfato (DHEA-S) ejercen sus efectos estrogénicos y 

androgénicos como prohormonas, que se convierten en estrógenos y testosterona en los tejidos 

periféricos y activan los receptores de andrógenos y estrógenos, respectivamente.  

Figura 1. Representación gráfica de la estructura de la corteza suprarrenal 

 

ZR: zona reticular; ZG: zona glomerular; ZF: zona fascicular 
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La regulación de los glucocorticoides depende del eje hipotálamo-hipofiso-adrenal 

(HHA). La ACTH es segregada por la adenohipófisis bajo la influencia de dos secretagogos 

principales, la hormona liberadora de corticotrofina (CRH) y la arginina vasopresina (AVP). La 

secreción de CRH está regulada por un ritmo circadiano intrínseco y por otros estresores que 

operan a través del hipotálamo. La ACTH es la principal hormona estimulante de la biosíntesis y 

secreción de glucocorticoides suprarrenales. Esta hormona tiene una secreción pulsátil con un 

ritmo circadiano; siendo máxima su concentración al despertar y luego disminuye a lo largo del 

día, alcanzando los valores mínimos -nadir- por la noche [7]. El control mediante 

retroalimentación negativa que ejercen los propios glucocorticoides constituye un aspecto clave 

en la regulación de la secreción de CRH y ACTH. Los glucocorticoides inhiben la transcripción de 

la propiomelanocortina (POMC, molécula precursora de la ACTH) por la adenohipófisis, la 

síntesis de ARN mensajero de CRH y AVP, y su secreción en el hipotálamo (Figura 2). Las acciones 

de los corticoides se efectúan mediante receptores citoplásmicos. El complejo formado por el 

receptor y su ligando esteroideo migra hacia el ácido desoxirribonucleico (ADN) intranuclear. Se 

estabiliza así el complejo de la ARN polimerasa II y se facilita la transcripción génica. 

 

Figura 2. Regulación de la secreción de cortisol 

 

ACTH: hormona adrenocorticotrófica; CRH: hormona liberadora de corticotrofina 
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1.3. Esteroidogénesis suprarrenal 
 

La síntesis de los esteroides corticosuprarrenales se produce por transformaciones 

enzimáticas sucesivas del colesterol. Hay dos clases de enzimas encargadas de la 

esteroidogénesis: citocromos P450 [8], responsables de la oxidación de los sustratos; y  enzimas 

hidroxiesteroide-deshidrogenasas que poseen actividades oxidativas o reductoras [9]. El 

principal producto esteroideo de la zona glomerulosa es la aldosterona, se produce a través de 

la hidroxilación y oxidación de la desoxicorticosterona por aldosterona sintasa (gen CYP11B2). 

El cortisol es generado a partir de la hidroxilación del 11-desoxicortisol por 11β-hidroxilasa (gen 

CYP11B1). Esto ocurre después de un procesamiento anterior de la pregnenolona y 

progesterona en 17-hidroxipregnenolona y 17-hidroxiprogesterona por 17α-hidroxilasa (gen 

CYP17A1), y de 17-hidroxiprogesterona en 11-desoxicortisol por la 21α-hidroxilasa (gen 

CYP21A2). En la zona reticular, la enzima 17-20-desmolasa (gen CYP17A1) convierte la 17-

hidroxiprogesterona en DHEA. Posteriormente la DHEA se convierte en androstenediona por las 

modificaciones generadas por la 3β-hidroxiesteroide deshidrogenasa tipo 2 (3βHSD2) [10] 

(Figura 3).  

 

Figura 3. Esteroidogénesis suprarrenal 
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2. INCIDENTALOMAS SUPRARRENALES.  
 

2.1. Epidemiología 
 

Debido al incremento del uso de las pruebas de imagen y la mejora de su resolución, cada 

vez se detectan más lesiones incidentales. Las más frecuentes se localizan a nivel tiroideo (50%), 

seguidas de las hipofisarias (10-20%), y en tercera posición las suprarrenales (5%) [11]. 

Los incidentalomas suprarrenales (IS) se definen como lesiones suprarrenales asintomáticas 

detectadas en pruebas de imagen no realizadas por sospecha de patología suprarrenal [12]. 

Además, la mayoría de las revisiones y recomendaciones requieren para su diagnóstico, un 

tamaño mayor o igual a 1 cm y excluir de la definición las lesiones suprarrenales detectadas en 

el estudio de extensión por enfermedad tumoral extraadrenal [12–14]. Los IS son uno de los 

motivos de consulta más frecuentes en Endocrinología. Están presentes en hasta el 7% de la 

población general y su prevalencia e incidencia se incrementa a medida que avanza la edad [12]. 

Durante los últimos 20 años, la incidencia de los IS aumentó de 4,4 a 47,8 por 100.000 personas-

año, debido principalmente al uso generalizado de los estudios de imagen [15]. Los estudios 

radiológicos informan de su presencia en un 3% de los pacientes de 50 años, aumentando hasta 

un 10% en los pacientes ancianos [12,14,16,17]. Son más frecuentes en las mujeres (ratio de 

feminidad de 1,7) y en caucásicos. Su prevalencia aumenta en los pacientes con obesidad, 

diabetes e hipertensión arterial (HTA) [18]. Son muy poco frecuentes en niños y adolescentes 

(0,3-0,4% de los tumores de la infancia), no existiendo diferencias por sexo en este colectivo. En 

este escenario existe un elevado riesgo de malignidad por lo que en este colectivo de edad, los 

IS requieren una atención especial [19].  

Series de autopsias documentan una prevalencia global de IS de hasta un 8,7%, aumentando 

con la edad y alcanzando un pico de máxima prevalencia en la quinta-sexta década de la vida. 

No se detectan diferencias por sexo, a diferencia de los estudios in vivo, en probable relación 

con la práctica más frecuente de estudios de imagen en el sexo femenino [14]. 

El concepto de IS comprende un amplio espectro de patologías con un significado clínico 

muy diferente, puede tratarse de lesiones benignas o malignas, funcionantes o no, y corticales 

o medulares. Existe una variabilidad notoria de la etiología subyacente reportada en IS en 

función de si se trata de una serie quirúrgica o no quirúrgica. No obstante, la causa más 

frecuente en todas las series es el adenoma corticoadrenal no funcionante, que representa 

aproximadamente el 70% de los casos. La prevalencia de malignidad y funcionalidad es más alta 

en las series quirúrgicas, ya que generalmente se operan las lesiones de mayor tamaño o con 

sospecha clínica-bioquímica de funcionalidad [20] (Tabla 1).  
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Aunque la mayor parte de los IS son lesiones benignas y clínicamente no funcionantes, hasta 

un 12% pueden ser lesiones malignas [21]; un 10% pueden producir síndromes hormonales 

floridos -síndrome de Cushing ACTH independiente, feocromocitoma, hiperaldosteronismo 

primario (HAP) o exceso de secreción de hormonas esteroideas sexuales- y hasta un 50% pueden 

producir una secreción subclínica de cortisol, entidad conocida como secreción autónoma de 

cortisol (SAC) [22].  

Tabla 1. Causas de incidentaloma suprarrenal 

TIPO MEDIA (%) RANGO 

Series clínicas 

• Adenoma

-No funcionante

-Productor de cortisol

-Aldosteronoma

• Feocromocitoma

• Carcinoma

• Metástasis

80 

75 

12 

2,5 

7 

8 

5 

33-96

71-84

1-29

1,6-3,3 

1,5-14 

1,2-11 

0-18

Series quirúrgicas 

• Adenoma

-No funcionante

-Produtor de cortisol

-Aldosteronoma

• Feocromocitoma

• Carcinoma

• Mielolipoma

• Quiste

• Ganglioneuroma

• Metástasis

55 

69 

11 

6 

10 

11 

8 

5 

4 

7 

49-69

52-75

1-15

2-7

11-23

1,2-12

7-15

4-22

0-8

0-21

Fuente: Marta Araujo-Castro, Mónica Recasens. Incidentaloma Adrenal. Manual SEEN. Enlace web: 

https://manual.seen.es/article?id=55114cb2-28a0-4e53-97d0-44feac18103c  

Ante todo paciente con un IS de nuevo diagnóstico se deben valorar dos aspectos 

fundamentales: a) su funcionalidad, mediante valoración hormonal; y b) la naturaleza benigna 

o maligna de la lesión, generalmente mediante valoración radiológica [12,20,23,24] (Figura 4).

2.2. Valoración hormonal 

El estudio analítico de todos los pacientes con IS debería incluir un estudio bioquímico básico 

y una prueba de cribado de feocromocitoma y de hipercortisolismo. En pacientes hipertensos 

https://manual.seen.es/article?id=55114cb2-28a0-4e53-97d0-44feac18103c
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y/o con hipopotasemia también se recomienda realizar despistaje de HAP [23,25]. Además, en 

mujeres con clínica sugestiva de exceso androgénico o varones con  datos clínicos sugerentes de 

exceso de estrógenos se deben determinar las hormonas esteroideas sexuales; y en pacientes 

con lesiones suprarrenales bilaterales, las guías actuales recomiendan descartar hiperplasia 

suprarrenal congénita (HSC) y/o insuficiencia suprarrenal primaria [23,25] (Tabla 2 y Figura 4). 

 

2.2.1. Cribado de feocromocitoma 

La prevalencia estimada de feocromocitoma en pacientes con IS es del 5% [25]. Por ello, 

las guías de la Sociedad Europea de Endocrinología (ESE) sugieren un cribado sistemático de 

feocromocitoma mediante la determinación de metanefrinas fraccionadas plasmáticas o 

urinarias. Sin embargo, la medición de estas hormonas y metabolitos tiene un coste elevado, 

requiere mucho tiempo y puede verse interferida por varios medicamentos y componentes de 

la dieta, lo que a menudo conduce a resultados falsamente elevados [26]. Además, la 

prevalencia de feocromocitoma parece ser mucho más baja, < 1%, en lesiones suprarrenales con 

datos radiológicos altamente sugestivos de adenoma (alto contenido lipídico, con <10 Unidades 

Hounsfield (UH) en la TAC sin contraste). Por las dificultades del cribado previamente descritas, 

y la escasa rentabilidad de la prueba en este escenario, se ha sugerido obviar el cribado de 

feocromocitoma en este contexto [27–32]. 

 

2.2.2. Cribado de hipercortisolismo 

El síndrome de Cushing florido se asocia a datos clínicos específicos de hipercortisolismo, 

como miopatía proximal y atrofia cutánea y a un fenotipo característico con obesidad centrípeta 

con acúmulo de grasa en el tronco y pérdida de la misma en los brazos, piernas y glúteos. La 

confirmación bioquímica de esta situación suele ser sencilla, al ir acompañada, generalmente, 

de  valores claramente elevados de cortisol libre urinario (CLU) [33]. Sin embargo, formas más 

leves de hipercortisolismo, como la SAC, son mucho más frecuentes y su diagnóstico es más 

complicado. Además, no hay consenso sobre los criterios diagnósticos que se deben emplear 

para diagnosticar estas formas leves de hipercortisolismo [13,20,22–25]. La mayor parte de las 

guías proponen el test de supresión con 1mg de dexametasona (TSD) como la prueba más 

sensible, y por tanto la recomendada para realizar el diagnóstico de SAC [20,23–25]. Es una 

prueba fácil de realizar, económica y que puede realizarse de forma ambulatoria. El principal 

problema radica en que no existe acuerdo unánime en qué punto de corte se debe emplear para 

establecer el diagnóstico de SAC. De forma general, se considera que existe SAC confirmada 
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cuando el valor de cortisol tras el TSD es >5 µg/dl, y se descarta si los valores son menores de 

1,8 µg/dl. Para pacientes con valores intermedios se ha establecido el término diagnóstico de 

“posible SAC”. En estos casos, es necesario valorar si existen otros datos hormonales 

complementarios que apoyen el diagnóstico de SAC como ACTH < 10 pg/ml, DHEA-S baja para 

edad y sexo, CLU y/o cortisol nocturno -salival o sérico- elevados [25]. 

 

2.2.3. Cribado de hiperaldosteronismo primario 

El despistaje de HAP se debe basar en la determinación del cociente entre la 

concentración de aldosterona plasmática y la actividad o concentración de renina plasmática 

[34]. Antes de su medición se debe corregir la hipopotasemia, seguir una dieta sin restricción de 

sal y valorar la retirada de fármacos que puedan alterar los resultados del cociente 

aldosterona/renina [34]. El punto de corte a emplear para el despistaje de HAP va a depender 

de los valores de referencia establecidos por el laboratorio local, pero de forma general se 

considera que valores del cociente aldosterona/actividad de renina >30 (ng/dl)/(ng/ml/h) o de 

la ratio aldosterona/concentración de renina >3,7 (ng/dl)/(mUI/l) son patológicos. En estos 

casos se debería valorar realizar pruebas de confirmación para establecer el diagnóstico 

bioquímico de certeza [23]. 

 

2.2.4. Cribado de hiperplasia suprarrenal congénita. 

En pacientes con IS bilaterales se recomienda la medición de la 17-hidroxiprogesterona 

sérica para descartar HSC [25]. Sin embargo, los resultados de la 17-hidroxiprogesterona sérica 

para el diagnóstico de la HSC por deficiencia de 21-hidroxilasa deben ser interpretados con 

cautela en pacientes con IS ya que su aumento puede representar un aumento de secreción de 

metabolitos de esteroides por parte de la lesión, y no necesariamente un defecto hereditario en 

la actividad de la enzima 21α-hidroxilasa [35]. 

 

2.2.5. Cribado de exceso de hormonas sexuales. 

En mujeres con aparición de hirsutismo o de virilización de rápido desarrollo se deben 

determinar los niveles de andrógenos (DHEA-S, androstenediona, 17-hidroxiprogesterona y 

testosterona), y en varones con ginecomastia de reciente aparición se recomienda determinar 

los niveles de estradiol y/o estrona. También se recomienda realizar una medición de esteroides 

sexuales en lesiones radiológicamente sospechosas de carcinoma suprarrenal [36]. 
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2.2.6. Cribado de insuficiencia suprarrenal 

En pacientes portadores de IS bilaterales, principalmente si son sospechosas de lesiones 

hemorrágicas o infiltrativas, se debe valorar solicitar un estudio con cortisol sérico basal entre 

las 8-9 am para descartar insuficiencia suprarrenal primaria [23]. Un valor inferior a 5 µg/dl es 

diagnóstico de insuficiencia suprarrenal; un nivel >15-18 µg/dl descartaría esta posibilidad; y con 

valores intermedios se debe considerar ampliar el estudio con otras pruebas funcionales 

(prueba de estimulación con 250 o 1 µg de 1-24ACTH) [23]. 

Figura 4. Estudio diagnóstico inicial y actitud de tratamiento/seguimiento de los incidentalomas 

suprarrenales 

 

Fuente: Marta Araujo-Castro, Mónica Recasens. Incidentaloma Adrenal. Manual SEEN. Enlace web: 

https://manual.seen.es/article?id=55114cb2-28a0-4e53-97d0-44feac18103c 

*Valorar completar el estudio con RMN y/o TAC con contraste. Si estas pruebas son indicativas de 

adenoma se puede finalizar el seguimiento radiológico, en caso contrario, si lesión sugestiva de neoplasia 

maligna o feocromocitoma se debe indicar cirugía. En lesiones atípicas plantear repetir TAC y/o RMN en 

6-12 meses, si crecimiento significativo valorar adrenalectomía. **En pacientes con TSD≥1.8µg/dL, unos 

niveles de ACTH <10 pg/mL, un cortisol nocturno o CLU elevados, apoyan el diagnóstico de secreción 

autónoma de cortisol. CLU: cortisol libre urinario; DM2: diabetes mellitus tipo 2; FEO: feocromocitoma; 

HTA: hipertensión arterial; hipoK: hipopotasemia; HAP: hiperaldosteronismo primario; TSD: test de 

supresión con 1 mg de dexametasona; UH: unidades hounsfield. 

 

 

iento/seguimiento simplificado. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LESIÓN ADRENAL 

INCIDENTAL ≥1 CM 

DESCARTAR MALIGNIDAD:  

TAC sin contraste 

ESTUDIO DE FUNCIONALIDAD:  

TSD, metanefrinas, 

aldosterona/renina (HTA y/o hipoK) 

TSD 

≥1.8µg/dl 

TSD 

<1.8µg/dl 
HAP o 

FEO 

<10 UH y 

≥4cm* 

<10 UH y 

<4cm 

>10 UH, 

necrosis, 

etc.* 

cm 

ADRENALECTOMÍA 
No es necesario repetir 

pruebas de imagen 

TSD anual 

durante 5 años 

Comorbilidades (HTA, 

DM2, osteoporosis…), 

edad joven SÍ 

NO 

Ampliar CLU, 

ACTH, cortisol 

nocturno 

Cushing florido, CLUx2 

límite superior de la 

normalidad 

SÍ 

https://manual.seen.es/article?id=55114cb2-28a0-4e53-97d0-44feac18103c
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Tabla 2. Estudio hormonal inicial recomendado en pacientes con incidentalomas suprarrenales 

CRIBADO INDICACIONES PRUEBA 

Feocromocitoma En todo IS* Metanefrinas plasmáticas o 

urinarias fraccionadas 

Hiperaldosteronismo 

primario 

HTA y/o hipopotasemia 

espontánea o secundaria a 

tratamiento diurético 

Cociente aldosterona 

plasmática/ actividad o 

concentración de renina 

Hipercortisolismo En todo IS TSD. Valorar ampliar con CLU, 

ACTH, DHEA-S y cortisol 

nocturno si resultados 

patológicos 

Hiperplasia suprarrenal 

congénita 

IS bilaterales o sospecha clínica 

de HSC 

17-hidroxiprogesterona sérica 

basal 

Insuficiencia 

suprarrenal primaria 

IS bilaterales con sospecha de 

enfermedad infiltrativa o 

hemorrágica 

Cortisol sérico basal a las 8 am 

Exceso de hormonas 

sexuales masculinas 

Hirsutismo o datos virilización 

en mujeres o sospecha 

carcinoma suprarrenal 

DHEA-S, androstenediona, 17-

hidroxiprogesterona sérica 

basal, testosterona total y 

SHBG 

Exceso de hormonas 

sexuales femeninas 

Ginecomastia u otros datos de 

feminización o sospecha 

carcinoma suprarrenal 

Estradiol y estrona sérica 

CLU: cortisol libre urinaria; HSC: hiperplasia suprarrenal congénita; IS: incidentaloma suprarrenal; SHBG: 

globulina fijadora de hormonas sexuales; TSD: test de supresión con 1 mg de dexametasona. 

*Se podría obviar realización en pacientes sin clínica de feocromocitoma y lesiones suprarrenales 

compatibles con adenoma (bordes lisos, <10 UH en la TAC sin contraste) [25] 

 

2.3. Valoración radiológica 
 

La tomografía computarizada (TAC) es la modalidad de imagen que más frecuentemente 

revela un IS. Además, la TAC sin contraste es la técnica inicial recomendada para la 

caracterización de los IS [23] (Figura 5). 

 

2.3.1. TAC sin contraste 

En imágenes de TAC sin contraste, las mediciones de las UH pueden proporcionar 

información útil para clasificar los IS. Si una lesión suprarrenal tiene bordes regulares y presenta 

menos  de 10 UH (lo que indica una alta densidad de grasa) es muy probable que se trate de un 
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adenoma suprarrenal [37] (Figura 5). Las lesiones suprarrenales con más de 20 UH requieren de 

un estudio adicional para descartar carcinoma cortical suprarrenal, feocromocitoma o 

metástasis [37] (Figura 5). También hay que tener en cuenta que hasta el 30% de los adenomas 

suprarrenales son pobres en lípidos y tienen una densidad >10 UH en la TAC sin contraste [38]. 

 

Figura 5. Imágenes de TAC sin contraste de lesiones suprarrenales de distinta naturaleza 

 

2.3.2. TAC con contraste 

En IS no caracterizados como adenomas en la TAC sin contraste, se debe valorar realizar 

una TAC con contraste para una adecuada caracterización. Un nódulo con un lavado rápido de 

contraste (> 50% a los 10 minutos después de la administración de contraste) es compatible con 

adenoma, mientras que un lavado retardado (<50% a los 10 minutos tras la administración de 

contraste) puede ser indicativo de carcinoma suprarrenal, feocromocitoma o metástasis [39] 

(Figura 6). 

 

Figura 6. Imágenes de TAC con contraste en un paciente con carcinoma suprarrenal 
 

 

Carcinoma adrenal en fase venosa portal y fase tardía (no presenta lavado de contraste) 

 

Figura 2. Imágenes de TAC sin contraste de lesiones suprarrenales de distinta naturaleza  

      

 Feocromocitoma: 50 UH                           Adenoma: 10 UH                            Carcinoma suprarrenal: 

50 UH 

                       
 

Carcinoma adrenal en fase venosa portal y fase tardía (no presenta lavado de contraste) 
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2.3.3. RMN 

La resonancia magnética (RMN) mediante la técnica de desplazamiento químico 

(chemical shift) puede ser útil, como segunda prueba de imagen, en lesiones suprarrenales con 

densidades de entre 10-30 UH. En la RMN los nódulos benignos se presentan como lesiones 

isointensas con el hígado tanto en las secuencias en T1 como en T2, y con pérdida de señal en 

las secuencias de oposición de fase comparado con las imágenes en fase (en adenomas ricos en 

lípidos) [40]. La hiperintensidad en T2 se considera un dato altamente sugestivo de 

feocromocitoma, aunque no siempre está presente. Aunque generalmente la TAC sin contraste 

es la prueba de elección en el estudio de un IS, la RMN se considera la prueba de primera línea 

en niños y/o mujeres embarazadas en los que se quiere evitar la exposición a radiaciones 

ionizantes. 

2.3.4. Pruebas de Medicina Nuclear 

La PET/TAC con 18-fluorodesoxiglucosa (PET/TAC-FDG) se utiliza principalmente para la 

detección de enfermedad maligna. En casos de enfermedad tumoral maligna las células tienen 

un mayor requerimiento de glucosa y, por lo tanto, absorben más glucosa y desoxiglucosa que 

las células normales. Se ha descrito que las lesiones malignas se pueden diferenciar de los 

adenomas suprarrenales con una sensibilidad del 98,5% y una especificidad de 92% cuando el 

valor de corte del SUVmáx suprarrenal es mayor a 3,1 [41]. Sin embargo, una alta captación de 

18-FDG no es un marcador específico de enfermedad maligna, ya que también se ha observado

una elevada captación en adenomas suprarrenales con un mayor requerimiento de energía [42]. 

Otras pruebas, como la gammagrafía con metayodobenzilguanidina (MIBG) o con I123-

norcolesterol, se reservan habitualmente para el estudio de extensión del feocromocitoma o 

para el diagnóstico de localización del HAP y de la SAC, respectivamente [43]. El PET con 

metomidato es una prueba diagnóstica que generalmente se encuentra poco disponible por la 

necesidad de un ciclotrón cercano. Esta técnica permite distinguir entre lesiones derivadas de la 

corteza suprarrenal y lesiones no corticoadrenales en función de la intensidad de captación, con 

una sensibilidad y especificidad próximas al 100% según algunos estudios [43]. 
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3. RETOS DIAGNÓSTICOS Y PERSPECTIVAS 
 

3.1. Incidentalomas suprarrenales: diagnóstico de secreción autónoma de 

cortisol y asociación con riesgo cardio-metabólico  
 

En base a su funcionalidad, distinguimos tres tipos principales de IS: i) IS asociados a 

síndromes con hipersecreción hormonal florida como el Síndrome de Cushing, el 

feocromocitoma y el HAP; ii) IS asociados a secreción hormonal de grado moderado, 

principalmente la SAC y la posible SAC y iii) los IS en los que aparentemente no existe exceso de 

secreción de ninguna hormona derivada de las glándulas suprarrenales, es decir los 

incidentalomas suprarrenales no funcionantes (ISNF). Todas estas entidades podrían afectar 

negativamente a la esperanza de vida y al riesgo de desarrollar enfermedades cardiovasculares 

y metabólicas: incluso en pacientes con IS catalogados como ISNF se ha sugerido un mayor riesgo 

cardiometabólico que en la población general [44–57]. 

 

3.1.1. Diagnóstico de secreción autónoma de cortisol 

 

La SAC es una entidad altamente prevalente en pacientes con IS, llegando hasta el 50 % 

según algunos estudios [58,59]. Su prevalencia es muy variable en las distintas series, justificado 

mayoritariamente por la falta de consenso en su diagnóstico (uso de diferentes pruebas 

diagnósticas y puntos de corte para establecer su definición en los estudios) [33]. La SAC es 

ligeramente más frecuente en las mujeres y por encima de los 50 años [60]. Al igual que los IS, 

su prevalencia aumenta en pacientes con diabetes, obesidad, HTA y/o con osteoporosis. En 

términos generales, la SAC está presente en el 0,2-2% de la población adulta general [61]. 

 Las lesiones suprarrenales con SAC suelen corresponder a adenomas corticoadrenales 

en más de un 55% de los casos. No obstante también existen casos descritos de mielolipomas 

productores de cortisol [62] y en hiperplasia suprarrenal macro o micronodular primaria. 

Además, en algunos carcinomas suprarrenales puede existir únicamente SAC en lugar del típico 

cuadro de síndrome de Cushing florido [63]. 

 Uno de los temas más controvertidos en el diagnóstico de la SAC es la elección del punto 

de corte del TSD que se debe emplear para su definición. Puntos de corte bajos (1,8 µg/dL) 

conllevan un aumento de la tasa de falsos positivos, mientras que puntos más elevados (5 µg/dL) 

conllevan el riesgo de que queden casos con hipersecreción de cortisol sin diagnosticar. Este 
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aspecto es muy importante ya que puede conllevar cambios en el manejo terapéutico. La SAC 

se asocia a una mayor morbimortalidad; por ello es importante identificar su presencia, y de 

forma general, se debe realizar cribado de hipercortisolismo en todos los pacientes con IS. 

Algunos autores excluyen de este estudio a los pacientes con quistes suprarrenales y 

mielolipomas típicos [20]. Sin embargo, se debe tener en cuenta que, aunque de forma 

anecdótica, algunas de estas lesiones cursan con SAC, y que el TSD es una prueba económica y 

fácil de realizar.  

 

Se deben cumplir tres criterios para hablar de SAC de forma estricta [60] (Figura 7): 

a) Presencia de un IS. En algunas series se extiende el concepto de SAC a los pacientes con 

Enfermedad de Cushing leve, aunque lo más aceptado es restringir el término a los casos 

con IS. 

b) Estudio hormonal que demuestre Síndrome de Cushing ACTH-independiente. En este 

apartado existen serias limitaciones, dado que existe un considerable solapamiento en los 

resultados hormonales, no existe consenso sobre cuál es la mejor estrategia diagnóstica, y 

es frecuente la coexistencia de condiciones causantes de falsos positivos en las pruebas 

hormonales de pacientes con IS (obesidad grave, diabetes mellitus tipo 2 (DM2) mal 

controlada, enfermedad psiquiátrica, etc.). 

c) Ausencia de datos típicos de Síndrome de Cushing. El principal problema en este punto es 

que el síndrome de Cushing es un espectro clínico continuo, que va desde formas leves a 

floridas, y detectar datos sutiles de hipercortisolismo está condicionado por la experiencia 

clínica del médico. 

 

En la Tabla 5 se indican las características, ventajas y limitaciones de las principales pruebas 

empleadas para el diagnóstico de la SAC. En la actualidad el TSD (con 1 mg de dexametasona) es 

el más empleado para establecer el diagnóstico de SAC, bien solo o en combinación con otros 

parámetros. Se trata de un estudio sencillo y que se puede realizar de forma ambulatoria. 

Consiste en la administración de 1mg de dexametasona a las 11pm y la determinación de cortisol 

plasmático en ayunas entre las 8 y las 9 am del día siguiente. No obstante, no existe un consenso 

sobre el punto de corte que se debe utilizar para el cribado de hipercortisolismo en IS [64,65]. 

Este parámetro se encuentra alterado con frecuencia variable en pacientes con IS, entre un 3-

100% de los casos, en función del punto de corte empleado, por ello también es muy variable la 

sensibilidad (44-100%) y especificidad (24-100%) descrita en los diferentes estudios 

[12,14,16,18,60,66–70]. 
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Figura 7. Diagnóstico de secreción autónoma de cortisol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TSD= test de supresión con 1 mg dexametasona. 

 

Las guías del Instituto Nacional de Salud de los EE.UU. (NIH) y de la Asociación Americana de 

Endocrinólogos Clínicos y Cirujanos Endocrinos (AACE/AAES) están de acuerdo en considerar 

que se puede descartar hipersecreción de cortisol cuando el cortisol tras el TSD es <5 µg/dl 

[14,25,68]. La sensibilidad de este punto de corte es relativamente baja (44-58%) pero es el que 

ofrece una mayor especificidad (de hasta el 100% según algunos autores). Las guías de la 

Sociedad Francesa (FES) y de la Sociedad Europea de Endocrinología (ESE) abogan por un punto 

de corte considerablemente más bajo, de 1,8 µg/dl, para descartar SAC [24,25]. Este punto de 

corte se ha establecido basándose en distintos estudios que demuestran un incremento de la 

morbimortalidad por encima de estos valores [71,72]. Estos resultados ofrecen una sensibilidad 

mayor (75%–100%) pero una baja especificidad (67%–72%). Existe por tanto un alto porcentaje 

de falsos positivos y de sobrediagnóstico con este punto de corte [73]. Varios estudios europeos 

eligen un punto intermedio, de 3 µg/dl, apoyándose en el hecho de que es el que ofrece un 

mejor balance sensibilidad-especificidad y el incremento demostrado en la morbimortalidad a 

partir de este punto de corte según algunos estudios [73] (Tabla 3). De forma general, 

podríamos afirmar que se puede descartar SAC con valores de cortisol en el TSD <1,8 µg/dl y 

Q1: ¿Incidentaloma suprarrenal? NO 

Considerar otros 

diagnósticos 

<1,8 µg/dL 1,8-5µg/dL 

µg/dl 

>5 µg/dL 

SÍ 

NO 

INCIDENTALOMA 

NO FUNCIONANTE 

NO 

SÍNDROME DE 

CUSHING 

REALIZAR TSD 

Q3: ¿Clínica específica de síndrome de Cushing? 

SÍ Q2: ¿Hipercortisolismo ACTH dependiente? 

SÍ 

SECRECIÓN AUTÓNOMA DE CORTISOL 

SÍ 
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confirmar su presencia con niveles >5 µg/dl. No obstante, debemos tener en cuenta las 

limitaciones de esta prueba (Tabla 5). 

 Algunos autores proponen dosis más altas de dexametasona  (2 u 8mg), pero no se han 

demostrado ventajas frente a la dosis convencional de 1mg [74]. Otros emplean el test de Liddle 

(0,5 mg/6h durante 48h), pero se trata de una prueba más incómoda de realizar, y por tanto 

debería reservarse para el diagnóstico de confirmación o en el contexto de enfermedades 

psiquiátricas, alcoholismo o diabetes [33,75]. 

 

Tabla 3. Capacidad diagnóstica del test de supresión con dexametasona para el diagnóstico de 

secreción autónoma de cortisol.  

PUNTO DE 

CORTE  

SE (%) ES (%) ESE  FES  NIH  AACE/AAES  

>1,8 µg/dl 75-100 67-72 Posible SAC Posible SAC No SAC No SAC 

>3 µg/dl 63 75 Posible SAC Posible SAC No SAC No SAC 

>5 µg/dl 44-58 83-100 SAC SAC Posible SAC Posible SAC 

SE= sensibilidad; ES= especificidad; SAC= secreción autónoma de cortisol; ESE= Sociedad Europea de 
Endocrinología; FES= Sociedad Francesa de Endocrinología; NIH= Instituto Nacional de Salud de EE.UU.; 
AACE/AAES= Asociación Americana de Endocrinos y Cirujanos Endocrinos. 
 
 

 Para la correcta interpretación de los resultados se deben tener en cuenta las 

circunstancias responsables de falsos positivos en la prueba. Entre ellos se encuentran fármacos, 

como rifampicina, fenobarbital, carbamazepina y fenitoína y tóxicos como el etanol que aceleran 

el metabolismo de la dexametasona mediado por la enzima hepática CYP3A4; situaciones que 

alteran las concentraciones de la proteína transportadora del cortisol (CBG), como el 

hiperestrogenismo (fisiológico, patológico o por administración exógena); y condiciones como 

la obesidad mórbida, la DM2 mal controlada o las alteraciones psiquiátricas que condicionan 

una hiperactivación del eje HHA [33,76] (Tabla 4 y 5). 

 La determinación simultánea de dexametasona plasmática puede ser de utilidad para 

confirmar que sus concentraciones son suficientes para suprimir el eje HHA (>5.6 nmol/L [0.22 

µg/dl]), permitiendo por tanto interpretar el resultado de la prueba con fiabilidad. Su coste 

impide su incorporación como prueba de cribado habitual en muchos centros [77–79]. 

Teniendo en cuenta las múltiples limitaciones de las pruebas actualmente disponibles 

para el diagnóstico de SAC, sería deseable determinar cuál de estas pruebas es la que ofrece una 

mayor capacidad diagnóstica para la detección de SAC, y si la aplicación de otras pruebas más 

novedosas como la metabolómica urinaria permitiría establecer un diagnóstico más preciso de 
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hipercortisolismo en los IS. Por otra parte, teniendo en cuenta la falta de consenso sobre el 

punto de corte del TSD más adecuado para detectar hipercortisolismo en IS, la realización de 

estudios multicéntricos que incluyan un gran número de pacientes con IS en los que se haya 

realizado el TSD podría ser de utilidad de cara a analizar que punto de corte es el que presenta 

una mayor asociación con las comorbilidades potencialmente relacionadas con la SAC, y que, 

por tanto, sea el más adecuado para definir la SAC. 

Tabla 4. Situaciones que pueden alterar el resultado del TSD [34, 35]. 

CAUSAS DE PESUDOCUSHING MECANISMO PRINCIPAL 
TEST RECOMENDADO 

PARA EL CRIBADO 

Fenotipo cushinoide frecuente 

A) Embarazo

B) Depresión

C) Alcoholismo

D) Obesidad mórbida

E) Diabetes mellitus mal

controlada

A) Incremento CBG y CRH

placentaria

B), C), D), E) Hiperactivación del 

eje HHA a través de vías 

neuronales con entrada a los 

núcleos paraventriculares del 

hipotálamo 

A) CLU

B), C), D), E) TSD   

2mg/día (2días), test 

de dexametasona-CRH 

y de desmopresina 

Fenotipo cushinoide infrecuente 

A) Estrés físico (hospitalización,

cirugía, dolor)

B) Anorexia nerviosa

C) Ejercicio físico intenso

D) Amenorrea hipotalámica

Hiperactivación del eje HHA a 

través de vías neuronales con 

entrada a los núcleos 

paraventriculares del 

hipotálamo 

TSD 2mg/día (2días), 

test de dexametasona-

CRH y test de 

desmopresina 

FÁRMACOS QUE INTERFIEREN EN LOS RESULTADOS 

Aceleran metabolismo de 

dexametasona: 

a. Fenobarbital

b. Fenitoína

c. Carbamazepina

d. Primidona

e. Rifapentina

f. Etosuximida

g. Pioglitazona

Inducción 

de CYP 3A4: induce el 

aclaramiento enzimático 

hepático de dexametasona, por 

lo que reduce las 

concentraciones plasmáticas de 

dexametasona 

CLU y cortisol sérico o 

salival nocturno 

Disminuyen metabolismo de 

dexametasona: 

a. Aprepiptan

b. Itraconazol

c. Ritonavir

d. Fluoxetina

e. Diltiazem

f. Cimetidina

Inhibición de  

CYP 3A4: inhibe el aclaramiento 

enzimático hepático de 

dexametasona, por lo que 

aumenta las concentraciones 

plasmáticas de dexametasona 

CLU y cortisol sérico o 

salival nocturno 

TSD = test de supresión con 1mg de dexametasona, CBG = globulina fijadora de cortisol; CLU = cortisol 
libre en orina de 24h; HHA = eje hipotalámico-hipofisario-suprarrenal.
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3.1.2. Incidentalomas suprarrenales y riesgo cardiometabólico 

La presencia de hipercortisolismo en IS parece ser un continuo desde formas que no se 

detectan con los estudios clásicos y quedan catalogados como “ISNF”; a formas moderadas que 

se detectan con los estudios hormonales, pero no dan lugar a datos clínicos específicos de 

hipercortisolismo (SAC); y casos floridos que se presentan en forma de síndrome de Cushing. La 

mayor parte de la evidencia coincide en la asociación entre SAC y aumento de mortalidad y 

riesgo de DM2, HTA, enfermedades cardio y cerebrovasculares, osteoporosis y obesidad [100–

106] (Figura 8). A lo largo de los últimos años han surgido nuevos descubrimientos en cuanto a

los efectos deletéreos de la SAC, como un mayor riesgo de periodontitis [107], de síndrome 

depresivo, empeoramiento de la calidad de vida [108] y una posible asociación con tabaquismo 

[109].  

En cuanto al riesgo cardiometabólico en pacientes con SAC se ha objetivado un mayor 

riesgo de las siguientes comorbilidades: 

i. Diabetes mellitus tipo 2

El exceso de glucocorticoides altera el metabolismo de la glucosa a través de varios

mecanismos fisiopatológicos complejos y se asocia a varios grados de intolerancia a la glucosa: 

desde glucemia basal alterada a intolerancia a los hidratos de carbono y DM2 franca [110]. 

Existe una mayor prevalencia de DM2 en pacientes con SAC, estimándose que es de un 

20-75% (variable según el criterio diagnóstico empleado). En este sentido, se debe tener en

cuenta que los niveles de glucemia basal pueden ser normales en pacientes con SAC y DM2, por 

tanto se recomienda emplear la sobrecarga oral de glucosa o la HbA1c para el diagnóstico [110]. 

El riesgo de DM2 parece aumentar a medida que aumenta el grado de hipercortisolismo (mayor 

prevalencia con niveles más altos de cortisol tras el TSD).  No obstante, todavía queda por 

determinar a partir de que punto de corte del TSD empieza a aumentar el riesgo de DM2 de 

forma significativa. En cuanto a la prevalencia de SAC en pacientes con DM2, varía entre un 0-

9,4% [111–113], y el riesgo aumenta en aquellos con mal control metabólico, complicaciones 

microvasculares, obesidad y/o HTA [114]. 

ii. Hipertensión arterial

Entre el 40-90% de los pacientes con SAC presentan HTA. No está claro si el riesgo de

padecerla aumenta con mayores grados de hipercortisolismo, dado que los resultados de los 
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estudios son heterogéneos. Sí parece existir una relación con la duración del Síndrome de 

Cushing [115,116]. 

 En una revisión sistemática de 584 pacientes con SAC y 457 con ISNF sometidos a 

adrenalectomía se encontró que la alteración que más mejoró tras la cirugía en SAC fue la HTA 

(en el 60,5%, frente un 51,5% de mejoría en la DM2, un 45% en la obesidad y 24% en la 

dislipemia) [45]. 

 Las últimas guías de la ESE sobre el manejo de los IS recomiendan realizar cribado de 

HTA y DM2 en todos los pacientes con IS con TSD >1,8 µg/dl [25]. 

 

iii. Osteoporosis 

 La SAC puede conducir a un incremento del riesgo de fracturas vertebrales, 

parcialmente explicado por una disminución de la densidad mineral ósea (DMO) y un deterioro 

de la calidad del hueso [117,118][119]. En este sentido, Chiodini y cols. [117], en un estudio de 

219 pacientes, detectaron que la SAC estaba presente en el 5% de los pacientes con osteoporosis 

y en el 10% con fracturas vertebrales osteoporóticas. En el estudio de 103 casos de Morelli y 

cols. [120] la incidencia de nuevas fracturas fue mayor en pacientes con SAC que en aquellos 

con ISNF (48% vs. 13%), concluyendo que la SAC se asocia a un mayor riesgo de fracturas en 

probable relación con un deterioro de la calidad ósea (microarquitectura). 

 Varios aspectos acerca del daño óseo provocado por el hipercortisolismo están todavía 

sin aclarar. Se desconoce el papel de la densitometría ósea para predecir el riesgo de fracturas, 

dado que existe un mayor deterioro de la microarquitectura que de la DMO [121,122]. Además, 

parece que existe una susceptibilidad individual a la hora de desarrollar complicaciones óseas 

por el hipercortisolismo, condicionada por diferentes polimorfismos en el receptor de 

glucocorticoides (por ejemplo, la presencia del haplotipo 2 de BclI y N363S se asocia a un mayor 

riesgo de HTA y de fracturas óseas) [123] y en función de la actividad de la 11β-hidroxisteroide 

deshidrogenasa [124]. 

 

iv. Enfermedad y muerte cardiovascular y de otras causas 

 Varios estudios ha observado un incremento de la mortalidad en los pacientes con SAC 

– mayoritariamente de causa cardiovascular (CV) – pero todavía se desconoce con claridad si la 

tasa de mortalidad es superior a la de la población general [25,100,125]. Tampoco existe 

consenso sobre qué punto de corte en el TSD es el más adecuado para predecir el aumento del 

riesgo cardiovascular en los pacientes con IS. 
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Di Dalmazi y cols. [72] realizaron un estudio retrospectivo con 198 pacientes con IS 

seguidos durante 7,5 años. Encontraron que los pacientes con SAC tenían una tasa de 

enfermedad y muerte CV superior a la de los pacientes con ISNF. En otro estudio retrospectivo 

de 206 pacientes con IS se observó un aumento de la tasa de mortalidad en SAC, siendo las 

causas más frecuentes de muerte la enfermedad CV y las infecciones [71]. 

Existen varias evidencias que apoyan el incremento del riesgo CV en SAC. Entre ellos el 

aumento del índice cintura-cadera, del porcentaje de grasa visceral, del número de placas de 

ateroma y del grosor íntima media observados en estos pacientes [71,126–128]. 

v. Otras asociaciones

Algunos autores han encontrado una asociación con la enfermedad tromboembólica

[129], la enfermedad tiroidea autoinmune [130], y con distintas enfermedades psiquiátricas. 

Figura 8. Comorbilidades potencialmente asociadas a SAC. 

HTA=hipertensión arterial; ETV= enfermedad tromboembólica; CV= cardiovasculares 

Adaptado de Araujo-Castro, M., Sampedro Núñez, M.A. & Marazuela, M. Autonomous cortisol secretion 

in adrenal incidentalomas. Endocrine 64, 1–13 (2019). https://doi.org/10.1007/s12020-019-01888-y  

En cuanto a los ISNF, se define ISNF como aquel IS en el que el estudio hormonal, 

incluyendo el TSD, las metanefrinas fraccionadas urinarias y/o plasmáticas y el resto de los 

estudios hormonales son negativos para funcionalidad. No obstante, incluso en ISNF se ha 

sugerido que existe un mayor riesgo cardiometabólico y de mortalidad que el de la población 

Figure 2. Comorbidities possibly associated with Autonomous cortisol secretion. 

 

TED=Thromboembolic disease; HBP= high blood pressure 
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general [44,46,53,54,56,131]. (Tabla 6). No obstante, apenas existe evidencia sobre la utilidad 

de la adrenalectomía para reducir este riesgo cardiometabólico en pacientes con ISNF [47]. 

 

Tabla 6. Estudios que analizan el riesgo cardiometabólico en ISNF y controles sin incidentalomas 

suprarrenales  [139] 

Autor, año 
N 

ISNF 

N 

controles 
Hallazgos principales 

Yener, 2009 

[140] 

49 34 La TA, el ácido úrico y el grosor de íntima-media carotídea 

aumentaron en ISNF vs. controles. 

Peppa, 

2010 [46] 

29 37 Mayor prevalencia de síndrome metabólico en ISNF vs. 

controles. 

López D, 

2016 [141] 

166 740 Mayor incidencia de prediabetes y diabetes en los ISNF 

vs. controles (27,3% vs.11,7%). 

Cansu, 2017 

[51] 

35 35 Mayor grosor de la íntima media carotídea, velocidad de 

la onda de pulso e índice de aumento en ISNF vs 

controles. 

Arruda M, 

2018 [52] 

40 40 Mayor prevalencia de HTA (72,5% vs 47,5%), HTA 

resistente (37,9% vs 11,1%) y uso de> 3 agentes 

antihipertensivos (33,3% vs 5,2%) en ISNF vs controles. 

Ribeiro 

Cavalari, 

2018  [142] 

74 98 Mayor prevalencia de dislipidemia (73 vs 57,5%), HTA 

(75,3 vs 50,0%) y HTA resistente (38,2% vs 7,1%) en ISNF 

vs. controles. 

Moraes AB, 

2019  [143] 

44 41 Mayor prevalencia de síndrome metabólico en ISNF vs. 

controles. 

Jung Hee 

Kim, 2020 

[53] 

154 462 Mayor prevalencia de HTA (OR 2,26), diabetes tipo 2 (OR 

1,89) y resistencia a la insulina (OR 2,03) en ISNF vs. 

Controles emparejados por edad y sexo 

De Paula, 

2021 [144] 

42 40 Los ISNF requieren más fármacos antihipertensivos para 

lograr el control de la TA (1,6±1,5 vs 1,0±1,1, p=0,04). 

Athanasouli 

F, 2021 [44] 

1548 2358 Los pacientes con ISNF tenían dos veces más 

probabilidades de presentar diabetes tipo 2 vs. controles. 

 

ISNF= incidentalomas suprarrenales no funcionantes; HTA= hipertensión arterial; TA=tensión arterial; OR= 
odds ratio. Fuente: Araujo-Castro M. Cardiometabolic profile and urinary metabolomic alterations in non-
functioning adrenal incidentalomas: A review. Clin Endocrinol (Oxf). 2022 Apr 21. doi: 10.1111/cen.1474   

 

También se han realizado otros avances relacionados con su patogenia [132] y su 

diagnóstico [133–135]. Sin embargo, la fisiopatología que explica la asociación entre ISNF y los 

parámetros del síndrome metabólico y riesgo cardiovascular es un campo de estudio 

relativamente inexplorado, y sobre todo no aclarado. Algunos autores sostienen que los IS 

podrían ser un efecto neto de la hiperinsulinemia sostenida [136]. Una de las hipótesis 

actualmente más aceptadas para explicar el mayor riesgo cardiometabólico observado en 
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pacientes con ISNF, es la existencia de alteraciones incipientes en el metabolismo del cortisol no 

detectadas con las pruebas clásicas que con el tiempo pueden progresar hasta hacerse 

detectables [135,137,138]. Por tanto, los estudios del perfil de metabolitos esteroideos 

(metabolómica) podrían ser de utilidad para identificar qué pacientes con ISNF presentan un 

mayor riesgo de comorbilidades cardiometabólicas y/o de desarrollar SAC a lo largo del 

seguimiento. 

3.2. Metabolómica urinaria en el estudio funcional de los incidentalomas 

suprarrenales 

La valoración del perfil metabolómico se ha aplicado con éxito en múltiples campos de 

investigación, entre ellos en el cáncer de ovario, renal, o de próstata. Según algunos estudios, 

su aplicación para el diagnóstico diferencial entre IS con exceso de secreción de cortisol y sin ella 

puede ser prometedora [145–148], identificándose los metabolitos esteroideos urinarios como 

marcadores más sensibles y tempranos de hipercortisolismo que las pruebas estándar 

[138,145]. Además, otros estudios sugieren que el perfil de metabolitos esteroideos urinarios 

podría ser útil para discriminar entre lesiones malignas y benignas con una sensibilidad y 

especificidad cercanas al 90% [149,150]; para diferenciar formas unilaterales y bilaterales de 

HAP; y para predecir los resultados del tratamiento quirúrgico del HAP unilateral [151–153]. Por 

otra parte, investigaciones recientes sugieren que el perfil de esteroides podría variar según la 

funcionalidad y morfología de los IS, con implicaciones en el riesgo cardiovascular [154]. La 

medición de esteroides urinarios tiene diversas ventajas frente a su medición en otros fluidos 

como el ser una prueba no invasiva, por lo que no afecta a la síntesis de hormonas esteroideas 

en respuesta al estrés; tener una concentración mayor que en saliva; y su determinación en 

orina de 24 horas evita la influencia del ritmo circadiano. 

Varios estudios centrados en la utilidad de la metabolómica para el diagnóstico de SAC, han 

observado un aumento de la excreción de tetrahidro-11-desoxicortisol (THS) y tetrahidrocortisol 

(THF) [148,155,156]. Sin embargo, el patrón de otros metabolitos esteroideos urinarios parece 

menos constante. Esta limitación, añadida a las presentes en la mayor parte de los estudios 

clínicos y al elevado coste del estudio metabolómico, han supuesto que la metabolómica 

urinaria todavía no se haya instaurado en la práctica clínica como herramienta de evaluación de 

los pacientes con IS. Por ello se requieren nuevos estudios clínicos centrados en la utilidad de la 

metabolómica urinaria para detectar alteraciones clínicamente relevantes. Entre las 

limitaciones presentes en los estudios previos se encuentran, el limitado tamaño muestral 

[148,157,158], la ausencia de seguimiento o bien que no se ha empleado el gold estándar para 
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la medición de los metabolitos esteroideos urinarios [159] o que sólo se hayan determinado 

algunos de los esteroides y metabolitos esteroideos urinarios potencialmente asociados al 

hipercortisolismo [145,146,148,156,158]. La integración de los resultados de la metabolómica 

urinaria con datos clínicos, estudios hormonales clásicos y/o radiológicos podría mejorar la 

identificación de hipercortisolismo sutil en pacientes con IS aparentemente no funcionantes 

[134] (Figura 9). 

 
 

Figura 9. Esteroidogénesis suprarrenal y metabolitos esteroideos. 

 
La vía de esteroidogénesis está representada en el centro de la figura y los metabolitos de esteroides en 

la orina a los lados de la imagen. DHEA, Dehidroepiandrosterona; 11β-OH-Et, 11β-Hidroxi-etiocolanolona; 

11-oxo-Et, 11-Oxo-etiocolanolona; 17-OH-Preg, 17-OH-pregnanolona, 5-PD, Pregnenediol; PD, 

pregnandiol; 5-PT, pregenetriol; PT, pregnanetriol; PTONE, Pregnanetriolona; THA, Tetrahidro-11-

dehidrocorticosterona; THALDO, Tetrahidroaldosterona; THB, Tetrahidrocorticosterona; THDOC, 

Tetrahidrodeoxycorticosterona; THE, Tetrahidrocortisona; THF, Tetrahidrocortisol; THS, Tetrahidro-11-

deoxicortisol 

Adaptado de: Araujo-Castro, M., Valderrábano, P., Escobar-Morreale, H.F. et al. Urine steroid profile as a 

new promising tool for the evaluation of adrenal tumors. Literature review. Endocrine 72, 40–48 (2021). 

https://doi.org/10.1007/s12020-020-02544-6  

 

Teniendo en cuenta que el hipercortisolismo es un continuo, desde formas leves 

conocidas como SAC a formas floridas que se presentan como un síndrome de Cushing 

manifiesto, la hipótesis más plausible es que, aunque los ISNF no producen hormonas 

adrenocorticales en suficiente cuantía como para generar un síndrome clínica y 

bioquímicamente evidente, presentarían alteraciones cualitativas de la esteroidogénesis que 

afectarían de forma adversa a varias vías metabólicas [160]. El estudio del perfil metabolómico 

https://doi.org/10.1007/s12020-020-02544-6
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en los pacientes con IS permitiría detectar las alteraciones existentes en el perfil esteroidogénico 

de los ISNF. Por ejemplo, en el estudio de Maser-Gluth y cols. [161] encontraron que, aunque el 

CLU era normal en los ISNF, los niveles de THF se encontraban significativamente elevados 

respecto a los controles. Además, la ratio THF/CLU fue dos veces mayor en pacientes con ISNF, 

lo que indica una mayor actividad de 5ᵦ-reductasa hepática, una enzima que convierte el cortisol 

a THF. Otros estudios [148,162] han encontrado resultados similares, demostrándose un 

incremento de los metabolitos urinarios del cortisol y una tendencia al aumento de los 

tetrahidrometabolitos del cortisol y de la cortisona en los ISNF. No se puede dejar de mencionar, 

un reciente estudio multicéntrico prospectivo centrado en la utilidad de la metabolómica 

urinaria en IS [134] que encuentra que esta herramienta permite identificar a los pacientes con 

alto riesgo de carcinoma adrenocortical (valor predictivo positivo:  76,4% [95% IC 67,2–84,1]). 

Además en estos dos últimos años se han publicado varias revisiones centradas en este tema y 

que respaldan la utilidad del perfil de metabolitos esteroideos en el estudio diagnóstico de la 

lesiones suprarrenales [135,138,163]. Todos estos hallazgos indican que los pacientes con ISNF 

se caracterizan por una mayor producción de ciertos metabolitos de las vías biosintéticas de 

glucocorticoides y mineralocorticoides, que no son evaluadas de forma rutinaria, y que podrían 

ser los responsables del incremento del riesgo cardio-metabólico y también podrían ser 

biomarcadores de malignidad en los pacientes con IS (Tabla 7). 

Estas alteraciones incipientes en el metabolismo del cortisol presentes en algunos ISNF 

que no se detectan con las pruebas clásicas, con el tiempo pueden progresar hasta hacerse 

detectables [135,137,138]. Esto conlleva la necesidad de reevaluar periódicamente la capacidad 

autónoma para secretar cortisol en los pacientes con ISNF, a pesar de que el riesgo de desarrollar 

SAC en estos pacientes es bajo, en torno al 4,3% [164]. No obstante, este riesgo varía en función 

del criterio diagnóstico empleado para definir SAC: mientras que el riesgo es próximo al 0% [165] 

cuando se emplea el punto de corte de 5 µg/dl en el TSD, aumenta hasta un 28% [166] cuando 

el criterio empleado es el de 1,8 µg/dl [167]. 

No obstante, actualmente, no existe consenso sobre la estrategia de seguimiento de 

pacientes con IS [14,23–25,68,168]; ni tampoco existe ninguna herramienta que permita 

clasificar a los pacientes con ISNF en función de su riesgo de desarrollar SAC durante el 

seguimiento. Teniendo en cuenta estos antecedentes, sería ideal identificar que metabolitos 

urinarios se asocian a un mayor riesgo de SAC y de comorbilidades cardiometabólicas, para 

poder estratificar el riesgo de progresión a SAC y de un peor perfil cardiometabólico. Esto 

permitiría individualizar el seguimiento, ofreciendo con ello un manejo más personalizado y una 

optimización de los recursos sanitarios. 
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Tabla 7. Estudios que comparan el perfil de metabolitos urinarios en ISNF y controles 

Autor, año N ISNF N controles Hallazgos 

Maser-Gluth, 2000 

[161] 

29 35 THF más alto en ISNF vs. controles 

Kotłowska, 2009 

[148] 

20 25 Mayor alo-THF y α-cortol en ISNF vs. 

controles 

Arlt, 2011 [149] 68 88 Menor excreción de metabolitos de 

andrógenos en ISNF vs. controles 

Kotłowska, 2011 

[156] 

28 30 Mayor excreción de α-cortol, THB, THF, 

alo-THF y etiocolanolona en ISNF vs. 

controles 

Brossaud, 2016 [146] 27 143 THF y THE más altos en ISNF vs. controles 

Kotłowska, 2017 

[145] 

25 37 Mayor producción de etiocolanolona, 

pregnenetriol, THB, THF, alo-THF y -cortol 

y una disminución de THE en ISNF vs. 

controles 

 
ISNF= incidentalomas suprarrenales no funcionantes; THB, Tetrahydrocorticosterone; THE, 
Tetrahydrocortisone; THF, Tetrahydrocortisol; CLU= cortisol libre urinario. 
Fuente: Araujo-Castro M. Cardiometabolic profile and urinary metabolomic alterations in non-functioning 
adrenal incidentalomas: A review. Clin Endocrinol (Oxf). 2022 Apr 21. doi: 10.1111/cen.1474 
 
 

3.3. Medicina de precisión: individualización de evaluación y seguimiento. 
 

3.3.1. Evaluación inicial: limitaciones 

Actualmente se recomienda que todos los pacientes con IS sean sometidos a un cribado de 

hipercortisolismo y de feocromocitoma. Además, en pacientes hipertensos y/o con 

hipopotasemia se debe realizar despistaje de HAP [23,25]. Este enfoque conlleva la necesidad 

de realizar, en todos los pacientes con IS, pruebas incómodas, costosas y con frecuencia 

imprecisas debido a la influencia de comorbilidades y tratamientos en sus resultados. Lo ideal 

sería realizar un enfoque diagnóstico individualizado teniendo en cuenta factores clínicos, 

analíticos o radiológicos asociados a mayor o menor riesgo de presentar las entidades de 

estudio. En este sentido, se recomienda tener en cuenta los siguientes factores a la hora de 

estimar el riesgo de cada una de estas entidades en los pacientes con IS. 

• Hipercortisolismo: se han descrito algunos factores asociados a mayor riesgo de que el 

paciente con IS presente SAC. Entre ellos, la presencia de IS bilaterales con un mayor riesgo 

de SAC en comparación con los IS unilaterales [169,170]. La prevalencia de SAC también 

parece ser mayor en mujeres y por encima de los 50 años [60]. Todos estos factores deberían 
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ser tenidos en cuenta a la hora de estimar la probabilidad pretest de SAC en pacientes con 

IS. No obstante, teniendo en cuenta que la SAC es la alteración hormonal más 

frecuentemente encontrada en pacientes con IS, hasta disponer de estudios sobre 

estratificación de riesgo de SAC en IS con hallazgos consistentes, se sigue recomendando el 

cribado universal de hipercortisolismo en todos los IS. 

• Hiperaldosteronismo primario: existen una serie de condiciones clínicas que se asocian a un

riesgo elevado de HAP [34,171]. Entre ellas se encuentran la presencia de HTA grave o

resistente (prevalencia de HAP del 17-23%), coexistencia de HTA e hipopotasemia

(prevalencia del 28%, aumentando a un 88,5% si los niveles de potasio son <2,5 mEq/mL) y

la coexistencia de HTA y fibrilación auricular no explicable por defectos estructurales del

corazón y/u otras condiciones conocidas por causar la arritmia. Por tanto, a pesar de que

está bien establecido que se debe realizar cribado de HAP en todo paciente con IS e HTA y/o

hipopotasemia, también se debe tener en cuenta la probabilidad pretest de HAP según la

gravedad de la HTA o la coexistencia de otras condiciones asociadas a mayor riesgo de HAP.

A pesar de las recomendaciones generales de cribado de HAP, incluso en pacientes con cifras

normales de tensión arterial y de potasio, en los que no estaría indicado de forma habitual

el cribado de HAP, se han reportado prevalencias de HAP de hasta un 13-14% [172,173].

Igualmente, en pacientes con HTA grado I se han reportado cifras que alcanzan un 15,7%

[174]. Más allá del reconocimiento de que el HAP es común en poblaciones donde el cribado

no está respaldado por las guías actuales, cada vez hay más pruebas de que el

hiperaldosteronismo independiente de la renina es un continuo que se extiende por debajo

de los criterios de diagnóstico bioquímico actuales comúnmente utilizados para definir el

HAP [173,174].

• Feocromocitoma: Aunque los feocromocitomas son raros, las recomendaciones actuales

incluyen descartar el exceso de catecolaminas en todos los IS para evitar la posibilidad de

una crisis potencialmente mortal resultante de dicho exceso, mediante la medición de

metanefrinas libres en orina, catecolaminas urinarias y/o metanefrinas libres en plasma

[23]. Sin embargo, la medición de estas hormonas y metabolitos es costosa, laboriosa y

puede verse interferida por varios medicamentos y componentes de la dieta, lo que a

menudo conduce a resultados falsamente positivos [26]. Además, aunque los signos y

síntomas típicos del exceso de catecolaminas están presentes en la mayoría de los pacientes

con feocromocitoma, hasta el 25 % de ellos son asintomáticos y el 50 % presentan solo

elevaciones leves de los marcadores bioquímicos. En este escenario, se ha propuesto que

las características radiológicas de los IS son un factor clave para diferenciar entre los
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adenomas corticales y los feocromocitomas. Individualmente ninguna característica de 

imagen permite descartar completamente el feocromocitoma. Sin embargo, algunos 

estudios sugieren que la presencia de valores de atenuación inferiores a 10 UH en la TAC sin 

contraste son muy específicos de adenoma corticoadrenal [27,175,176]; siendo la 

probabilidad pretest de feocromocitoma en estos pacientes inferior al 0,5%. Por tanto, se 

ha sugerido que se podría obviar el cribado de feocromocitoma en pacientes IS con < 10 UH 

en la TAC sin contraste si no existe sospecha clínica de feocromocitoma. Sin embargo, estos 

estudios son mayoritariamente unicéntricos y con un número limitado de pacientes, lo que 

limita la generalización de sus resultados y su implementación en la práctica clínica. Por ello, 

sería deseable realizar estudios multicéntricos y con más pacientes para determinar si es 

posible estratificar el riesgo de feocromocitoma en IS en base a sus características clínicas 

y/o radiológicas. 

 

3.3.2. Seguimiento: limitaciones 

En general se debe individualizar el seguimiento, teniendo en cuenta el estado de salud del 

paciente, las comorbilidades potencialmente relacionadas con la SAC y la funcionalidad del IS. 

Por ejemplo, en pacientes ancianos, con mala situación basal, no es necesario realizar 

seguimiento hormonal ni radiológico si no existe sospecha de malignidad y si el cambio de 

funcionalidad del IS no va a suponer un cambio en la actitud terapéutica. 

 

• Seguimiento hormonal 

Aunque el riesgo de desarrollo de síndromes hormonales floridos como síndrome de 

Cushing o HAP es menor del 0,1% [25], se ha reportado desarrollo de SAC en hasta un 22 % de 

los ISNF. El riesgo de desarrollo de SAC parece ser mayor en pacientes con valores de cortisol 

tras el TSD más altos y con lesiones mayores de 2,5-3 cm. Como norma general, se recomienda 

repetir el TSD de forma anual durante al menos 5 años, valorando incluir otros estudios (CLU, 

cortisol sérico y/o salival nocturno, ACTH plasmática, DHEA-S) en pacientes con TSD > 1,8 µg/dl 

[23]. Además, se recomienda realizar un despistaje periódico de comorbilidades potencialmente 

relacionadas con la SAC en pacientes con IS y cortisol post-TSD >1,8 µg/dl. No se recomienda 

repetir el despistaje de HAP ni feocromocitoma a lo largo del seguimiento, a menos que existan 

datos clínico-bioquímicos de nueva aparición sospechosos de dichas entidades. 
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Sin embargo, no existe consenso acerca del seguimiento hormonal en pacientes con 

ISNF. La sociedad europea de endocrinología y la red europea para el estudio de los tumores 

suprarrenales (ESE/ENSAT) [25] y la italiana (AME) [20] consideran innecesario repetir las 

evaluaciones hormonales o de imagen en los ISNF si las características radiológicas son típicas 

de adenoma al diagnóstico. Por otra parte, en las mismas circunstancias, el NIH [14], la FES [24], 

la Sociedad Española de Endocrinología y Nutrición (SEEN) [23] y la AACE/AASE [68] 

recomiendan repetir el TSD anualmente durante un mínimo de 5 años (Tabla 8). Nuevamente, 

este hecho indica la necesidad de buscar un método de estratificación de riesgo de desarrollo 

de SAC en ISNF para poder ofrecer un seguimiento individualizado y consensuado. 

Tabla 8. Propuesta de seguimiento hormonal y radiológico de las diferentes guías centradas en 

el manejo de los incidentalomas suprarrenales [23]  

Seguimiento bioquímico Seguimiento radiológico 

ESE/ 

ENSAT 

ISNF: no es necesario repetir el 

estudio  

SAC o posible SAC: vigilancia 

clínica y repetir el estudio si se 

producen cambios 

IS < 4 cm: no seguimiento 

IS > 4 cm: repetir en 6-12 meses  

Indeterminada: repetir en 6-12 

meses. Si estable → alta 

AME Repetir estudio solo si se 

producen cambios clínicos 

Repetir en 3-6 meses si > 2 cm. Si 

estable → alta 

No repetir si lesión < 2 cm 

AACE/ 

AASE 

Metanefrinas y TSD anual, 5 

años. Si estable → alta 

Repetir en 3-6 meses y anual 2 

años 

Si estable → alta 

FES Metanefrinas y TSD en 6 meses, 2 

y 5 años. Si estable → alta 

Repetir en 6 meses, 2 y 5 años. Si 

estable → alta 

NIH Metanefrinas y TSD anual, 4 

años. Si estable → alta 

Repetir en 6-12 meses. Si estable 

→ alta

AME: Sociedad Italina de Endocrinología; AACE/ AASE: Asociación Americana de cirujanos clínicos; 
ESE/ENSAT: Sociedad Europea de Endocrinología y la red europea para el estudio de los tumores 
suprarrenales; FES: Sociedad Francesa de Endocrinología; IS: incidentaloma suprarrenal; ISNF: 
incidentaloma suprarrenal no funcionante; NIH: Instituto Nacional de Salud; SAC: secreción autónoma de 
cortisol; TSD: test de supresión con dexametasona. *Posible SAC hace referencia a los incidentalomas 
suprarrenales con cortisol tras el TSD entre 1,8 y 5 µg/dL; y SAC a los que presentan valores > 5 µg/dL 

Fuente: Araujo-Castro M, Iturregui Guevara M, Calatayud Gutiérrez M, Parra Ramírez P, Gracia Gimeno P, 
Alexandra Hanzu F, et al. Practical guide on the initial evaluation, follow-up, and treatment of adrenal 
incidentalomas Adrenal Diseases Group of the Spanish Society of Endocrinology and Nutrition. Endocrinol 
Diabetes Nutr (Engl Ed). 2020;67(6):408-419. doi: 10.1016/j.endinu.2020.03.002.  
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• Seguimiento radiológico 

Se estima que el riesgo de desarrollar una neoplasia maligna a lo largo del seguimiento de 

un IS es del 0,2% (IC del 95%: 0,0-0,4) [70], y en pacientes con lesiones suprarrenales con 

características típicas de benignidad al diagnóstico el riesgo es de un 0% según algunas series. 

Por este motivo, la mayor parte de guías y expertos [23,25] recomiendan no repetir el estudio 

radiológico en lesiones menores de 4 cm con características de benignidad al diagnóstico, y 

valorar repetir el estudio radiológico en un plazo de 6-12 meses si son lesiones mayores de 4 cm 

o con características radiológicas atípicas. 

Además, en aquellas lesiones que no han podido ser catalogadas como benignas en los 

estudios radiológicos iniciales, se recomienda realizar un seguimiento radiológico periódico (al 

menos durante 2 años si la lesión permanece estable) de cara a determinar si existe crecimiento 

tumoral que haga recomendable una intervención quirúrgica (Tabla 8). 
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HIPÓTESIS Y OBJETIVOS
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El objetivo principal de esta tesis doctoral es optimizar el diagnóstico y tratamiento de los 

pacientes con incidentalomas suprarrenales no funcionantes. Los estudios desarrollados en esta 

tesis se enmarcan en dos hipótesis de trabajo, que no son mutuamente excluyentes: 

HIPÓTESIS 1: El metabolismo esteroideo se encuentra alterado en mayor o menor medida en 

pacientes con IS, incluso aquellos actualmente considerados no funcionantes, lo que explicaría 

el incremento del riesgo cardiometabólico observado en estos pacientes con ISNF. Estas 

alteraciones, que no son detectadas con los estudios hormonales clásicos, pueden ser 

detectadas mediante un estudio de metabolómica urinaria. 

HIPÓTESIS 2: Las características clínicas, hormonales y radiológicas en el momento del 

diagnóstico en pacientes con ISNF que progresan a SAC son diferentes a las de los pacientes con 

ISNF que se mantienen hormonalmente estables durante el seguimiento. De ser así, se podría 

utilizar esta información para estratificar precozmente el riesgo de progresión a SAC en ISNF, lo 

que permitiría individualizar el seguimiento. 

Estas dos hipótesis, se van a desarrollar a través de los siguientes objetivos: 

OBJETIVO 1: ESTUDIAR LA ASOCIACIÓN ENTRE EL RIESGO CARDIOMETABÓLICO Y EL GRADO 

DE HIPERCORTISOLISMO EN PACIENTES CON IS: En concreto, se pretende evaluar si existe una 

asociación directa entre el riesgo cardiometabólico y el grado de hipercortisolismo en pacientes 

con IS. 

OBJETIVO 2: ESTUDIAR EL PERFIL ESTEROIDEO URINARIO DE PACIENTES CON IS: Este objetivo, 

pretende evaluar si existen diferencias en el perfil esteroideo urinario entre pacientes con ISNF, 

IS con SAC y pacientes sin IS; y su posible contribución al riesgo cardiometabólico. 

Objetivo 3: INDIVIDUALIZAR LA EVALUACIÓN INICIAL Y EL SEGUIMIENTO EN PACIENTES CON 

IS. Este objetivo se va a conseguir mediante el desarrollo de un modelo predictivo que permita 

identificar pacientes con IS que tienen un riesgo muy bajo de presentar un feocromocitoma, y 

por tanto se podría evitar el estudio funcional; y mediante otro modelo predictivo que permita 

identificar los pacientes con ISNF con un riesgo bajo de desarrollar SAC, que podrían no requerir 

seguimiento hormonal. 
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RESULTADOS 
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Sección I: ASOCIACIÓN DE INCIDENTALOMAS SUPRARRENALES 

CON RIESGO CARDIO-METABÓLICO Y ESTUDIO DIAGNÓSTICO DE 

LA SAC
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CAPÍTULO 1:  Maximum adenoma diameter, regardless of uni‑ 

or bilaterality, is a risk factor for autonomous cortisol secretion 

in adrenal incidentalomas 

M. Araujo‑Castro, C. Robles Lázaro, P. Parra Ramírez, R. García Centeno, P. Gracia Gimeno, M.

T. Fernández‑Ladreda, M. A. Sampedro Núñez, M. Marazuela, H. F. Escobar‑Morreale, P.

Valderrabano. Maximum adenoma diameter, regardless of uni‑ or bilaterality, is a risk factor

for autonomous cortisol secretion in adrenal incidentalomas. J Endocrinol Invest. 2021

Nov;44(11):2349-2357. doi: 10.1007/s40618-021-01539-y. (Ver ANEXO I)
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Abstract 

Purpose: To evaluate differences between patients with unilateral or bilateral adrenal 

incidentalomas (AIs) in the prevalence of autonomous cortisol secretion (ACS) and related 

comorbidities. 

Methods: In this multicentre retrospective study, AIs ≥1cm without overt hormonal excess were 

included in the study. ACS was defined by a post-DST serum cortisol ≥5.0µg/dl, in the absence 

of signs of hypercortisolism. For the association of ACS with the prevalence of comorbidities, 

post-DST serum cortisol was also analysed as a continuous variable. 

Results: Inclusion criteria were met by 823 patients, 66.3% had unilateral and 33.7% bilateral 

AIs. ACS was demonstrated in 5.7% of patients. No differences in the prevalence of ACS and 

related comorbidities were found between bilateral and unilateral AIs (P>0.05). However, we 

found that tumour size was a good predictor of ACS (OR=1.1 for each mm, p<0.001), and the 

cut-off of 25 mm presented a good diagnostic accuracy to predict ACS (sensitivity of 69.4%, 

specificity of 74.1%). 

During a median follow-up time of 31.2 [IQR=14.4-56.5] months, the risk of developing 

dyslipidaemia was increased in bilateral compared with unilateral AIs (HR=1.8, 95% CI=1.1-3.0 

but, this association depended on the tumour size observed at the end of follow-up (HR adjusted 

by last visit-tumour size=0.9, 95% CI=0.1-16.2). 

Conclusions: Tumour size, not bilaterality, is associated with a higher prevalence of ACS. During 

follow-up, neither tumour size nor bilaterality were associated with the development of new 

comorbidities, yet a larger tumour size after follow-up explained the association of bilateral AIs 

with the risk of dyslipidaemia. 
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Introduction 
 

Adrenal incidentalomas (AIs) are asymptomatic adrenal lesions that are identified 

unexpectedly on imaging tests requested by reasons other than adrenal disease [177]. Most AIs 

are classified as non-functioning adrenocortical adenomas. However, it has been suggested that 

a significant percentage of these presumably non-functioning AIs (NFAI) secrete adrenal steroids 

in excess. In fact, autonomous cortisol secretion (ACS) – defined as biochemical evidence of 

cortisol hypersecretion in the absence of signs of Cushing’s syndrome [22] – has been detected 

in up to 50% of AIs [20]. However, the best test to diagnose ACS remains unclear at present. 

Even though the overnight 1 mg dexamethasone suppression test (DST) is the most extended 

screening test, currently there is no consensus on which is the best threshold of post-DST serum 

cortisol to define ACS [20,25,73]. 

Regardless of the test or threshold used to diagnosed ACS, there is growing evidence linking this 

condition with increased metabolic and cardiovascular morbidity and mortality [103][128][178]. 

Several clinical, biochemical and imaging characteristics of AIs have been associated with ACS 

[103,169,170,179]. In this regard, bilaterality of AIs might be associated with higher rates of ACS 

and related comorbidities [169,170] although such an association has not been supported by all 

studies [83,170,180,181]. 

The aim of this study was to evaluate the differences in the prevalence of ACS and 

potential related metabolic comorbidities among patients with unilateral or bilateral AIs. 

Moreover, we analysed the impact of bilaterality of AIs on the risk of growth and development 

of ACS and related comorbidities during follow-up. 

 

Methods 
 

Study population 

In this retrospective study we included 977 patients presenting with one or more AIs of 

at least 1 cm in larger diameter at seven Spanish Hospitals between 2001 and 2020. Bilaterality 

of AIs was defined by the presence of at least one AI in each of the adrenal glands. 

Patients who met one or more of the following criteria were directly excluded to enter in the 

Spanish Incidentaloma Register i) under age 18 or above age 90 years; ii) suffering with 

hereditary syndromes associated with adrenal tumours [25]; iii) those on chronic treatment with 

glucocorticoids (GC) or who had received GC treatment with a dose ≥10 mg/day of prednisone 

or equivalent for 3 months during the 3 months preceding hormonal evaluation, iv) patients 
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under treatment with oral hormonal contraceptives (treatment should be suspended at least 6 

weeks before performing the functionality study), v) patients in whom the imaging test was 

performed in the context of the study of extension of an extra-adrenal primary cancer and vi) 

patients with ACTH-dependent Cushing syndrome [12–14,182].  For this study, exclusion criteria 

were: i) overt adrenal hormone excess such as Cushing´s syndrome (n=9), primary 

hyperaldosteronism (n=26), pheochromocytoma (n=6) or sexual steroid producing adrenal 

lesions (n=0); ii) diagnosis of adrenocortical carcinoma or radiological features suggestive of 

malignancy (irregular and heterogeneous lesions) (n=4) and iii) patients with missing values in 

the initial DST (n=109). A total of 823 (84.6%) patients were finally included in the study (Figure 

10). We analysed patients’ data recorded at entry into the study and at the last follow-up visit 

after median 31.2 [IQR=14.4-56.5] months. The study was approved by the local ethical 

Committee of the Hospital Universitario Ramón y Cajal. 

Figure 10. Cohort selection process 

DST= dexamethasone suppression test; AI= adrenal incidentalomas 

Clinical evaluation 

Medical records were reviewed retrospectively to extract demographic information 

such as age, and sex, medical history of ACS-related comorbidities including hypertension, type 

2 diabetes mellitus, obesity, dyslipidaemia, cerebrovascular, and cardiovascular disease, and 

physical examination variables including body mass index (BMI) and clinical systolic and diastolic 

blood pressure. These parameters were assessed at baseline and at last follow-up visit. 

Hypertension was diagnosed when blood pressure was ≥ 140/90 mmHg or patients were 

receiving antihypertensive drugs. Diagnoses of type 2 diabetes and dyslipidaemia were based 

Figure 1. Cohort selection process 

 

DST= dexamethasone suppression test; AI= adrenal incidentalomas 

977 patients with AIs 

Exclusion criteria: 

-Overt Cushing syndrome (n=9)

-Primary aldosteronism (n=26)

-Pheochromocytoma (n=6)

-Adrenocortical carcinoma (n=4)

-Missing value in DST (n=109)

823 patients included for analyses 

(546 with unilateral and 277 with bilateral AIs) 
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on established criteria [183,184]. Obesity was defined by a BMI ≥ 30 kg/m2. Cardiovascular 

disease was defined as ischemic heart disease or heart failure, and cerebrovascular disease as 

transient ischemic attack or acute stroke. 

 

Hormonal and biochemical evaluation 

At study entry all AI patients underwent a DST and measurement of urinary 

normetanephrine and metanephrine. Other hormones such as serum cortisol, 

adrenocorticotropic hormone (ACTH), dehydroepiandrosterone sulphate (DHEA-S), and 24-

urinary free cortisol (UFC) were also evaluated in some patients at the discretion of the 

attending physician. Aldosterone/renin ratio was also evaluated in hypertensive or hypokalemic 

patients; and 17-hydroxyprogesterone and serum basal cortisol concentrations served to rule 

out non-classic congenital adrenal hyperplasia in patients presenting with bilateral AIs. The DST 

was repeated at the follow-up visit. Other hormones were also determined at the discretion of 

the treating physician. 

ACS was defined as a serum cortisol concentration ≥5.0 µg/dl at 8 am following a single 

1 mg dexamethasone oral dose taken at 11pm the night before extraction, provided that specific 

signs of cortisol excess such as myopathy, ecchymosis and/or cutaneous atrophy were absent. 

We used a 5.0 µg/dl post-DST serum cortisol threshold for the definition of ACS based on the 

last European guidelines about the management of AIs [25]. However, considering the current 

uncertainties about the optimal cut-off to define ACS, we also analysed post-DST serum cortisol 

as a continuous variable. AIs were considered as non-functioning tumours when the hormonal 

evaluation ruled out hormone excess (i.e. cortisol was <1.8 µg/dl on the DST and the 

aldosterone/renin ratio and urinary metanephrines concentrations were within the reference 

ranges of the local laboratories of each Hospital). Patients with post-DST serum cortisol between 

1.8 and 5.0µg/dL were classified as possible ACS [25]. 

All patients underwent routine biochemical profiles after an overnight fast, at the initial 

evaluation and at the last follow-up visit. Fasting glucose, total, LDL and HDL cholesterol levels, 

and triglyceride concentrations were also evaluated. HbA1c was measured in some patients at 

the discretion of the treating physician depending on glucose concentrations and on whether or 

not the patient had been diagnosed with diabetes. 

 

Radiological study 

Abdominal computed tomography (CT) or MRI were performed in all patients at 

diagnosis. The maximum diameter informed in radiological report of the CT or MRI was taken as 

the adenoma size, and uni- or bilaterality and lipid content were recorded. For bilateral AIs, the 
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size of the largest adenoma was included in the analyses. Moreover, we calculated the total 

adenomatous mass as the sum of the largest diameters of both adrenal incidentalomas for 

bilateral AIs. During follow-up, CT was repeated in 386 patients and MRI was repeated in 259 

patients. 

Statistical analysis 

We used STATA version 15 for statistical analyses. Categorical variables were expressed 

as counts and percentages and continuous variables were expressed as mean ± standard 

deviation (SD) or median and interquartile range (IQR) depending on if the assumption of 

normality was fullfilled. The normality assumption was studied with Shapiro-Wilk test and the 

variance homogeneity assumption with the Levene test. Odds ratios (with 95% confidence 

intervals) and mean differences were calculated as measures of association. Unpaired t tests 

and Mann-Whitney U tests lineal were performed as appropriate to compare differences in 

continuous parameters between unilateral and bilateral AIs. The comparisons of baseline values 

with those obtained at the end of follow-up used paired t-test or McNemar test as appropriate. 

Cox regression analysis was used to the estimation of hazard ratios during follow-up. Pearson’s 

or Spearman’s correlation analysis were used to evaluate correlations between continuous 

variables. Fisher’s exact tests and chi-square tests were performed for the comparison of 

categorical variables between the groups. A multivariant logistic regression test was performed 

to analyse the influence of post-DST serum cortisol on AI uni- or bilaterality or in the presence 

of absence of cardiometabolic comorbidities, while adjusting for confusion variables such as 

tumour size, age and BMI. Collinearity between continuous variables was discarded confirming 

a Variance inflation factor (VIF) values higher than 0.1 and lower than 10. ROC curves were 

performed to calculate the best predictive tumor size for ACS diagnosis. In all cases, a two-tailed 

P value < 0.05 was considered as statistically significant. 

Results 

Baseline characteristics 

A total of 823 patients were included in the final analysis of whom 472 (58.0%) were 

women. Mean age was 63.1±11.0 years-old and mean BMI was 28.9±7.3 kg/m2. The mean size 

of the AIs in the cohort was 20.7±10.5 mm, and only 7 patients with typical radiological benign 

features presented AIs >50 mm. 112 patients (17.1%) were classified as tumours poor in lipidic 

content. AIs were unilateral in 546 patients (66.3%) and bilateral in 277 (33.7%). Forty-seven 



 

54 
 

patients (5.7%) met criteria for ACS as defined by post-DST serum cortisol ≥5.0 µg/dl patients; 

522 (63.4%) were classified as non-functioning AIs (NFAI) and the remaining 254 patients as with 

possible ACS. Among patients with ACS, 35% (n=14/40) presented plasma ACTH levels below 10 

pg/mL; 50% (n=10/20) high late-night salivaly cortisol and only 2 out of 28 patients high UFC. 

This supposed that 84.6% of the patients with ACS with available information in these tests 

presented at least one of these associated hormonal alterations. 

Regarding comorbidities, globally 83.7% of patients presented one or more comorbidities; 

54.7% had hypertension; 51.5% had dyslipidaemia; 32.1% had obesity; 26.0% had type 2 

diabetes; 2.3% had cerebrovascular disease and 12.2% had cardiovascular disease. We found 

that patients with ACS presented a worse cardiometabolic profile than NFAI patients and those 

with possible ACS (Table 9). 

 

Table 9. Baseline characteristics in patients with non-functioning adrenal incidentalomas 

compared to patients with autonomous cortisol secretion and with possible ACS. 

 NFAI (n=522) ACS (N=47) P 

value 

Possible ACS 

(n=254) 

P value 

% females 57.8 78.7 0.005 45.4 0.406 

Age (years) 62.2 ±11.1 61.6 ±12.3 0.740 65.4±10.5 0.0001 

BMI (kg/m2) 29.1 ±7.2 28.2 ±8.9 0.488 28.5±7.2 0.367 

Tumour size (mm) 18.6 ±9.8 31.2±13.8 0.000 23.1±9.5 <0.0001 

Hypertension (%) 49.1 68.1 0.013 63.5 <0.0001 

T2DM (%) 28.3 22.6 0.385 32.5 0.003 

Dyslipidaemia (%) 48.6 60.9 0.109 56.2 0.047 

Obesity (%) 39.0 42.9 0.627 35.0 0.322 

Cerebrovascular 

disease (%) 

2.1 4.4 0.337 2.4 0.823 

Cardiovascular 

disease (%) 

10.7 13.3 0.580 15.1 0.074 

Fasting glucose 

(mg/dl) (n=808) 

104.7±28.8 98.7 ±28.1 0.183 113.6±36.1 0.0002 

HbA1c (%) (n=314) 6.3±4.4 6.2 ±0.8 0.930 6.5±1.2 0.695 

LDL-c (mg/dl) 

(n=582) 

116.8 ±33.8 117.1 ±32.0 0.962 113.7±37.2 0.334 

HDL-c (mg/dl) 

(n=584) 

53.9 ±16.4 54.7 ±20.7 0.781 50.4±13.3 0.015 

Triglycerides (mg/dl) 

(n=754) 

110.0 ±53.2 119.0 ±57.9 0.287 119.6±60.9 0.032 

1mg DST (µg/dl) 

(n=824) 

1.1 ±0.3 9.5 ±8.1 0.000 2.6±0.8 <0.0001 
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NFAI (n=522) ACS (N=47) P 

value 

Possible ACS 

(n=254) 

P value 

UFC (µg/24h) 

(n=369) 

45.6 ±93.2 58.2 ±46.3 0.481 52.2±38.8 0.440 

ACTH (pg/ml) 

(n=549) 

21.4 ±22.3 15.9 ±18.4 0.134 15.7±21.2 0.006 

DHEAS (µg/dl) 

(n=512) 

529.7 ±569.2 269.1 

±450.5 

0.011 335.4±352.6 0.0001 

Tumor rich in lipidic 

content (%) (n=656) 

82.4 70.3 0.071 80.8 0.657 

Abbreviations: ACS= autonomous cortisol secretion; ACTH= adrenocorticotropic hormone; BMI= body 
mass index; DHEAS= Dehydroepiandrosterone sulphate; HBP= high blood pressure; HDL-c= high density 
lipoprotein cholesterol; LDL-c= low density lipoprotein cholesterol;1mg DST= 1mg overnight 
dexamethasone suppression test; UFC= urinary free cortisol; Tumour size= maximum adenoma diameter. 
Quantitative variables are expressed as mean and standard deviation value and qualitative variables as 
proportions. 

The comparisons of patients with unilateral or bilateral AIs at study entry are 

summarized in Table 10. Tumour size was larger in patients with bilateral AIs compared with 

those presenting with unilateral AIs, especially when we considered total adenomatous mass 

(42.0±17.3 vs 19.9±10.3, P<0.001). We found no other significant differences in baseline clinical 

or biochemical characteristics or the prevalence of comorbidities, with the exception of in the 

prevalence of male sex that appeared to be more frequent in bilateral compared with unilateral 

AIs (OR=1.4, 95% CI=1.0-1.9).  No differences in the prevalence of ACS were observed between 

unilateral and bilateral AIs. However, if we considered a threshold of 3.0µg/dL for the definition 

of ACS, the prevalence of ACS was increased in patients with bilateral than unilateral AIs (OR=2.1, 

95% CI=1.4-3.1), yet this difference lost statistical significance after adjusting by tumour size 

(adjusted OR=4.7, 95% CI=0.5-43.1) (Figure 11) 

When we analysed data considering post-DST serum cortisol values as a continuous 

variable, regardless of the diagnosis of ACS, no association was found between DST results and 

AIs uni- or bilaterality (OR=1.06 for each µg/dl, 95% CI=1.0-1.1); nor between the DST results 

and cardiometabolic comorbidities (Supplementary Material Table S1). However, post-DST 

serum cortisol concentrations were associated with the size of the adenoma (β=0.61 mm for 

each µg/dl in serum cortisol, P=0.000) and the total adenomatous mass (ᵦ=1.0 mm for each µg/dl 

in serum cortisol, p<0.001). Moreover, we found that tumour size was a good predictor of ACS 

(OR=1.1 for each mm, p<0.001) and correlated directly with post-DST serum cortisol 

concentrations, although the correlation was mildly (r=0.18, P<0.001). The best predictive 

tumour size for ACS was 25 mm, with a sensitivity of 69.4% and specificity of 74.1% (AUC=0.758, 
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95% CI=0.720-0.792). Considering, total adenomatous mass for bilateral AIs, similar results were 

found (OR=1.2, p<0.001 for the prediction of ACS, and a middle correlation with post-DST serum 

cortisol concentrations (r=0.22, p<0.001)). 

 

Table 10. Baseline characteristics in unilateral and bilateral adrenal incidentalomas 

 Unilateral (n=323) Bilateral (n=132) P value 

% females 60.6 52.8 0.031* 

Age (years) 62.6 ±11.4 64.1±10.3 0.069 

BMI (kg/m2) 28.9 ±7.6 28.8 ±6.5 0.868 

Tumor size (mm) 19.9 ±10.3 22.5±10.9 0.008* 

ACS (%) 4.8% 7.2 0.147 

Hypertension (%) 53.2 57.5 0.252 

Type 2 diabetes (%) 25.0 28.0 0.356 

Dyslipidaemia (%) 53.3 48.0 0.264 

Obesity (%) 32.7 30.9 0.570 

Cerebrovascular disease (%) 2.4 2.2 0.840 

Cardiovascular disease (%) 14.7 10.9 0.243 

Fast plasma glucose (mg/dl) (n=808) 108.0±33.2 105.4 ±28.0 0.262 

HbA1c (%) (n=314) 6.5±4.3 6.1 ±1.0 0.403 

LDL-c (mg/dl) (n=582) 115.8 ±35.1 116.1 ±33.8 0.923 

HDL-c (mg/dl) (n=584) 52.5 ±15.5 53.8 ±16.7 0.357 

Triglycerides (mg/dl) (n=754) 115.0 ±59.6 110.3 ±48.1 0.275 

1mg DST (µg/dl) (n=824) 1.9 ±3.0 2.3 ±2.3 0.042 

UFC (µg/24h) (n=369) 50.3 ±89.5 46.5 ±33.0 0.644 

ACTH (pg/ml) (n=549) 19.9 ±22.4 17.9 ±20.9 0.302 

DHEAS (µg/dl) (n=512) 444.1 ±549.3 482.0 ±451.9 0.431 

Tumor rich in lipidic content (%) 

(n=656) 

80.6 82.2 0.618 

 
Abbreviations: ACS= autonomous cortisol secretion; ACTH= adrenocorticotropic hormone; BMI= body 
mass index; DHEAS= Dehydroepiandrosterone sulphate; HBP= high blood pressure; HDL-c= high density 
lipoprotein cholesterol; LDL-c= low density lipoprotein cholesterol;1mg DST= 1mg overnight 
dexamethasone suppression test; UFC= urinary free cortisol; Tumour size= maximum adenoma diameter. 
Quantitative variables are expressed as mean and standard deviation value and qualitative variables as 
proportions. 
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Figure 11. Differences in tumor size according to laterality and functionality 

  
a) Differences between all unilateral and bilateral adrenal incidentalomas (AIs). b)  Differences between
unilateral and bilateral tumours with autonomous cortisol secretion (ACS). c)  Differences between non-
functioning unilateral and bilateral AIs. d) Differences between non-functioning AIs and AIs with ACS. 

Table S1. Analysis of the association of dexamethasone suppression test as continuous variable 

and comorbidities 

OR, 95% Confident interval P value 

Hypertension OR=1.06 [0.99-1.13] 0.067 

Type 2 diabetes OR= 1.04 [0.98-1.09] 0.174 

Dyslipidaemia OR=1.03 [0.98-1.10] 0.233 

Obesity OR=0.99 [0.93-1.06] 0.818 

Cerebrovascular disease OR=1.00 [0.85-1.18] 0.999 

Cardiovascular disease OR=1.01 [0.94-1.08] 0.808 

Laterality OR=1.06 [1.00-1.13] 0.044 

Tumour size ᵦ=0.61 [0.33-0.88] 0.000 

Odds ratio (OR) refer to each increased unit (µg/dl) in dexamethasone suppression test; beta coefficient 

(ᵦ) for each mm in tumour size. 

Figure 2. Differences in tumor size according to laterality and functionality 

a) Differences between all unilateral and bilateral adrenal incidentalomas (AIs). b) Differences

between unilateral and bilateral tumors with autonomous cortisol secretion (ACS). c)

Differences between non-functioning unilateral and bilateral AIs. d) Differences between non-

functioning AIs and AIs with ACS.

a) b) 

c) d)
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Differences between unilateral and bilateral adrenal incidentalomas depending on the 

presence or absence of ACS at study entry 

In the subset of patients meeting criteria for ACS, no differences were found between 

unilateral and bilateral AIs (Table 11). When the same comparisons were analysed in the subset 

of patients with NFAI, no differences in clinical and biochemical characteristics were found. 

However, post-DST serum cortisol concentrations were slightly higher in patients with bilateral 

AIs (Figure 11, Supplementary Material Table S2). 

 

 

Follow-up study 

Follow-up information, including clinical, hormone and/or radiological information, was 

available in 673 patients (DST was repeated in 437 patients and abdominal MRI/CT in 621 

patients). After a median follow-up of 31.2 [IQR= 14.4-56.5] months, only 13 patients 

experienced a clinically relevant growth defined by an increase >10 mm in larger diameter. We 

found no differences in the initial tumour size (19.5 ±3.5 vs 21.1 ±0.5 mm, P=0.569) or post-DST 

serum cortisol concentrations (2.6 ±0.2 vs 2.3 ±0.2 µg/dl, P=0.716) among AIs that grew and 

those that remained stable during follow-up. There were 15 patients with NFAI who developed 

ACS (1.9%), no changes in hormonal status were observed in the rest of the patients.  

Bilaterality of AIs was not associated with tumour growth (HR= 1.2, 95% CI=0.4-3.8) or 

progression to ACS (HR 2.1, 95% CI=0.7-6.5). However, bilaterality was associated with an 

increased risk of developing dyslipidaemia during follow-up (HR 1.8; 95% CI=1.1-3.0) even 

though such an association actually depended on the larger tumour size of bilateral AIs (HR 

adjusted by last visit tumour size=0.9, 95% CI=0.1-16.2). Bilaterality of AIs was not associated 

with other cardiometabolic comorbidities nor in the proportion of patients that need initiation 

of antihypertensive or antidiabetic medications. However, those patients with bilateral AIs 

presented a higher risk of need to start lipid-lowering treatment (Suppl. material, Table S3). 
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Table 11. Differences in clinical and hormonal characteristics between unilateral and bilateral AI 

with ACS 

ACS unilateral (n=26) ACS unilateral (n=20) P value 

Age (years) 59.2±12.7 65.3±8.2 0.067 

BMI (kg/m2) 27.1±8.3 29.7±9.9 0.412 

Tumor size (mm) 27.8±12.6 36.0±13.8 0.075 

Hypertension 69.2% (n=18) 70.0% (n=14) 0.955 

Type 2 diabetes 28.0% (n=7) 30.0% (n=6) 0.883 

Dyslipidaemia 60.0% (n=15) 65.0% (n=13) 0.731 

Obesity 36.4% (n=8) 52.6% (n=10) 0.295 

Cerebrovascular disease 8.0% (n=2) 0% (n=0) 0.196 

Cardiovascular disease 12.0% (n=3) 15.8% (n=3) 0.717 

Fast plasma glucose 

(mg/dl) (n=808) 

99.1±35.3 99.1±17.5 0.993 

HbA1c (%) (n=314) 6.3±0.8 6.1±0.8 0.647 

LDL-c (mg/dl) (n=582) 117.2±39.9 118.1±24.4 0.939 

HDL-c (mg/dl) (n=584) 49.7±3.7 58.1±5.6 0.223 

Triglycerides (mg/dl) 

(n=754) 

133.0±58.1 107.0±55.4 0.147 

1mg DST (µg/dl) (n=824) 10.1±10.2 8.9±4.3 0.617 

UFC (µg/24h) (n=369) 59.0±45.2 57.1±50.1 0.922 

ACTH (pg/ml) (n=549) 20.3±23.2 9.8±4.9 0.084 

DHEAS (µg/dl) (n=512) 325.8±619.5 197.2±122.2 0.436 

Abbreviations: ACS= autonomous cortisol secretion; ACTH= adrenocorticotropic hormones; BMI= body mass index; 
DHEAS= Dehydroepiandrosterone sulphate; HBP= high blood pressure; HDL-c= high density lipoprotein cholesterol; 
LDL-c= low density lipoprotein cholesterol;1mg DST= 1mg overnight dexamethasone suppression test; UFC= urinary 
free cortisol; Tumour size= maximum adenoma diameter. 
Quantitative variables are expressed as mean and standard deviation value and qualitative variables as proportions. 
Quantitative variables are expressed as mean and standard deviation value and qualitative variables as proportions. 
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Table S2. Differences in baseline characteristics between non-functioning unilateral and 

bilateral AIs 

 NFAI UAI (n=285) NFAI BAI (n=104) P value 

Age (years)  62.2±11.3 62.6±10.6 0.684 

BMI (kg/m2)  29.0±0.5 29.0±5.6 0.916 

Tumour size (mm) 18.5±9.9 19.4±9.8 0.467 

Hypertension 49.2% (n=191) 51.3% (79) 0.663 

Type 2 diabetes  22.4% (n=87) 24.0% (n=37) 0.689 

Dyslipidaemia  50.8% (n=197) 44.2% (n=68) 0.165 

Obesity 38.3% (n=125) 40.0% (n=48) 0.750 

Cerebrovascular disease  2.3% (n=9) 2.0% (n=3) 0.791 

Cardiovascular disease  10.1% (n=39) 13.0% (n=20) 0.327 

FPG (mg/dl) (n=808) 106.0±30.3 102.0±24.2 0.146 

HbA1c (%) (n=314) 6.5±5.1 6.0±1.0 0.454 

LDL (mg/dl) (n=582) 116.5±34.0 117.5±34.0 0.807 

HDL (mg/dl) (n=584) 53.3±16.0 55.4±16.7 0.252 

Triglycerides (mg/dl) (n=754) 111.5±55.7 108.0±47.0 0.500 

DST (µg/dl) (n=824) 1.1±0.4 1.2±0.4 0.005 

UFC (µg/24h) (n=369) 47.3±105.0 40.9±29.7 0.637 

ACTH (pg/ml) (n=549) 21.6±24.9 20.1±12.7 0.574 

DHEAS (µg/dl) (n=512) 504.6±574.4 569.8±52.4 0.327 

Abbreviations: BAI=bilateral adrenal incidentalomas; BMI= body mass index; DST= dexamethasone 
suppression test; FPG= fasting plasma glucose; NFAI= non-functioning adrenal incidentalomas; UFC= 
urinary free cortisol. UAI= unilateral adrenal incidentalomas.  
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Table S3. Follow-up differences between unilateral and bilateral AIs. 

Unilateral (n=209) Bilateral (n=47) HR, 95% CI P value 

New hypertension (%) 5.6 (n=24) 4.9 (n=12) 1.1 [0.5-2.1] 0.712 

Initiation of 

antihypertensives (%) 

12 (n=12) 6.4 (n=4) 0.8 [0.3-2.6] 0.718 

New type 2 diabetes (%) 6.3 (n=27) 3.7 (n=9) 0.7 [0.3-1.5] 0.150 

Initiation of antidiabetic 

drugs (%) 

5.9 (n=11) 3.0 (n=4) 0.7 [0.2-2.3] 0.573 

New Dyslipidaemia (%) 8.9 (n=38) 13.6 (n=44) 1.8 [1.1-3.0] 0.056 

Initiation of lipidic-

lowering medications (%) 

13.7 (n=14) 16.7 (n=14) 2.2 [1.0-4.6] 0.049 

New Obesity (%) 3.7 (n=14) 5.0 (n=10) 1.5 [0.6-3.4] 0.489 

New cerebrovascular 

disease (%) 

0.5 (n=2) 0.4 (n=1) 0.9 [0.1-10.2] 0.913 

New cardiovascular 

disease  (%) 

1.4 (n=6) 2.9 (n=7) 2.4 [0.8-7.3] 0.177 

∆FPG (mg/dl) (n=658) 0.8 ±1.6 0.6 ±1.6 NA 0.921 

∆HbA1c (%) (n=163) -0.5±0.6 0.1±0.1 NA 0.449 

∆LDL (mg/dl) (n=358) -7.9 ±2.2 -8.2 ±2.2 NA 0.936 

∆HDL (mg/dl) (n=360) 1.7 ±0.7 2.1±0.9 NA 0.707 

∆Triglycerides(mg/dl) 

(n=572) 

2.5±3.2 0.2 ±3.3 NA 0.634 

∆DST (µg/dl) (n=437) 0.4 ±0.5 -0.1±0.1 NA 0.421 

∆UFC (µg/24h) (n=101) -14.3 ±10.5 -9.3 ±8.4 NA 0.733 

∆ACTH (pg/ml) (n=202) -5.0 ±3.3 -1.4 ±1.1 NA 0.352 

∆DHEAS (µg/dl) (n=92) 1.6 ±43.3 -37.8 ±32.8 NA 0.519 

% ∆Tumour size>10mm 

(n=156) 

3.1% (n=8) 3.7 (n=5) 1.2 [0.4-3.8] 0.736 

∆Tumour size (mm) 

(n=281) 

-0.0 ±0.3 1.0 ±0.6 NA 0.132 

Abbreviations:  ∆= mean increased during the follow-up period (mean value in last visit – mean value in 
initial visit); BMI= body mass index; DST= dexamethasone suppression test; FPG= fasting plasma glucose; 
NA= not applicable; UFC= urinary free cortisol. 
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Discussion 
 

Our present results suggested that maximum adenoma diameter, and not bilaterality 

itself, is a risk factor for ACS in patients with AIs. The prevalence of bilateral AIs in our cohort 

(33.7%) was similar to that described in earlier reports [180,185]. And even though we found a 

higher prevalence of ACS in bilateral AIs when we considered the 3.0µg/dl 1mg DST threshold 

for the ACS definition, such an increase did not retain statistical significance after the analysis 

was adjusted for tumour size. 

To date, studies addressing the association of bilaterality of AIs and ACS yielded 

conflicting results. Three out of 6 previous studies found an association [169,181,186]. However, 

unilateral AIs were smaller than bilateral AIs in two of these studies [23 ± 11 vs 38±12 mm, p< 

0.001 [169] and 19 vs 26 mm, P=0.006 [186], respectively] and, in the other study reporting an 

association between ACS and the presence of bilateral AIs, the results were not adjusted for 

tumour size even when size was also found to be a risk factor for ACS (OR, 2.6; 95% CI, 1.3–5.3) 

[181]. Furthermore, different biochemical criteria were used for the diagnosis of ACS in previous 

publications [181], making difficult direct comparisons with our findings. Our hypothesis is that 

the larger tumour size in bilateral than unilateral AIs could be related to a longer duration of the 

disease in bilateral tumours, that it may also explained the higher risk of ACS as larger the 

tumour is.  

According to our data analysis, tumour size was a good predictor of ACS with an OR of 

1.1 for each mm of increased size and was positively correlated with the results of the DST. 

Tumour size has been recognised as a risk factor for malignancy [187] and hypercortisolism in 

adrenal lesions [103,186,188,189]. One study also found that the probability for inadequate 

suppression of serum cortisol on the DST increased in parallel to tumour size (OR 1.93, 

p<0.001)[186]. In agreement with this and our previous work [103] and other authors [190,191], 

our present results indicate that tumour size is also associated with the magnitude of ACS. 

Besides, a recent study found a tumor size > 28 mm was associated with the risk of developing 

ACS during follow-up (HR 12.4; P = 0.003) [189]. This last finding is supported by the Elhassan 

meta-analysis [164], that described a higher likelihood of tumour growth in patients with ACS 

(2.4%) than in non-functioning AIs (1.2%). 

Similarly, our finding that uni- or bilaterality of AIs did not influence cardiovascular or 

metabolic comorbidities is also in agreement with previous publications [181,190]. In fact, this 

lack of association of bilateral AIs with the prevalence of comorbidities was observed even in 

studies reporting an association between the prevalence of ACS and bilaterality of AIs [181,192]. 

This apparent disagreement between the prevalence of ACS and that of ACS-related 
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comorbidities might be related to a more subtle or even intermittent cortisol secretory pattern, 

or to a lower sensitivity to cortisol excess, in patients with bilateral AIs. In fact, certain 

polymorphisms in the gene encoding the glucocorticoid receptor were found in patients with 

bilateral AIs [123,193,194]. 

Follow-up studies of bilateral AIs are scarce, but most of them found that the rates of 

tumour growth, and of hormonal or metabolic impairment over time, were relatively small 

[164,195,196]. Some studies suggested that tumour size at diagnosis and duration of follow-up 

could be associated with the development of ACS in patients with AIs [188,195]. Other studies, 

on the contrary, suggested that the cumulative risk of tumour growth and of development of 

metabolic or cardiovascular abnormalities over time were independent of the tumour size at 

diagnosis [196]. In our cohort, neither bilaterality nor tumour size at diagnosis were associated 

with tumour growth or progression to ACS. However, bilateral AIs presented a higher risk of 

develop dyslipidaemia, but this association actually depended on the lager tumour size attained 

by bilateral AIs during follow-up. This finding highlights the importance of tumour size, which 

seems to have a stronger association with cardiometabolic risk than the results of the DST itself. 

The poorer performance of the later to this regard might be explained, at least in part, to its low 

reproducibility, because the DST may be altered by several factors that lead to both false positive 

and false negative results. On the other hand, it is also possible that a larger tumour size was 

not only associated with an increased secretion of cortisol, but also of other bioactive 

metabolites that are not detected with the usual diagnostic tests [146]. Moreover, treatment 

interventions to control ACS-related comorbidities should be taken into account when 

interpreting these results. 

Anyhow, we have to acknowledge several limitations of our present study, starting by 

its observational retrospective design that precludes addressing causal relationships. Albeit 

sample size analysis indicated that our study had >95% power to detect differences between 

unilateral and bilateral AIs, we cannot exclude that relatively small differences in some variables 

might have been missed for this reason. Moreover, we used a ≥5.0 ug/dl post-DST serum cortisol 

as the cut-off value to define ACS and, had we used a different threshold, we might have 

obtained different results. To mitigate this limitation, however, we also analysed the post-DST 

serum cortisol concentrations as a continuous variable and using the 3.0µg/dL threshold for the 

definition of ACS. Finally, due to the multicentric nature of our study and the non-centralized 

lecture of radiological reports, it may be some variability in the reported tumour size among 

centres and different radiologists. In our humble opinion, these limitations did not invalidate the 

conclusions of the study, which were in agreement with previous publications, and were 

strengthen by the large number of cases included and its multicentre design. As best of our 
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knowledge, this is the largest series studying the association of bilaterality and ACS and related 

comorbidities.  

 

Conclusion 
 

Tumour size, not bilaterality, is associated with a higher prevalence of ACS.  During 

follow-up, neither tumour size nor bilaterality were associated with the growth rate. However, 

the development of dyslipidaemia was higher for bilateral AIs, but this was explained by the 

larger tumour size of bilateral lesions at the end of follow-up. Hence, tumour size, and not 

bilaterality, should be taken into account for the evaluation and follow-up strategies of AIs. 

Larger prospective studies should be conducted to validate these observations. 
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CAPÍTULO 2: Accuracy of the dexamethasone suppression  

test for the prediction of autonomous cortisol secretion‑

related comorbidities in adrenal incidentalomas 
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Abstract: 

Purpose: The aim of this study was to evaluate the diagnostic accuracy of the 1 mg 

dexamethasone suppression test (DST) for the prediction of autonomous cortisol secretion 

(ACS)-related comorbidities in patients with adrenal incidentalomas (AIs). 

Methods: This was a retrospective multicenter study. We recruited patients with AI/s ≥1cm, 

excluding those who, during the study, were found to be harboring an extension of an extra-

adrenal cancer, with a known diagnosis of hereditary syndromes characterized by adrenal 

tumors, those presenting with overt hormonal excess syndromes, and those in whom the DST 

results were missing. 

Results: A total of 823 patients met the inclusion criteria. Based on the 1.8, 3.0 and 5.0 µg/dl 

post-DST cortisol thresholds, the prevalence of ACS was 33.5%, 13.7%, and 5.6%, respectively. 

The prevalence of hypertension (OR=1.8, 95%CI=1.3-2.4), diabetes (OR=1.6, 95%CI=1.2-2.2), and 

dyslipidemia (OR=1.4, 95%CI=1.0-1.9) was higher with cortisol post-DST ≥1.8µg/dl; the 

prevalence of hypertension (OR=2.1, 95%CI=1.4-3.3) and diabetes (OR=1.7, 95%CI=1.1-2.6) was 

higher with values ≥3.0µg/dl; and the prevalence of hypertension (OR=2.0, 95%CI=1.0-3.7) was 

higher with levels ≥5.0µg/dl. However, the diagnostic accuracy of the DST for the prediction of 

cardiometabolic comorbidities in patients with AI was poor, with areas under the ROC curve 

<0.61.  

Conclusions: The DST is a poor predictor of cardiometabolic comorbidities in patients with AIs 

regardless of the cortisol cut-off values applied. This finding suggests that the diagnosis of ACS 

should not be based solely on the results of the DST. Other clinical, metabolic, or imaging 

markers showing a better performance for the prediction of the development and progression 

of cardiometabolic comorbidities in AIs need to be identified. 
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Introduction 
 

Adrenal incidentalomas (AIs) are adrenal masses that are incidentally found in any 

imaging study performed for reasons unrelated to adrenal disease [177]. The prevalence of AIs 

is estimated to be 10% in the general population [18,25]. Although most AIs are non-functioning 

adrenocortical adenomas, hormonal hypersecretion needs to be ruled out during the initial 

evaluation in all cases [23]. Autonomous cortisol secretion (ACS) may be detected in up to 50% 

of patients with AIs who do not show overt clinical evidence of adrenal hormone excess [20]. 

ACS is defined by biochemical evidence of cortisol excess in the absence of specific clinical signs 

of Cushing’s syndrome [22] and has been associated with an increased risk of cardiovascular and 

metabolic comorbidities and mortality [22,25]. 

However, establishing biochemical evidence of cortisol excess is often challenging, and 

several screening tests for ACS have been proposed in patients with AIs. Most scientific societies 

recommend the 1 mg overnight dexamethasone suppression test (DST) [20,25,65], yet there is 

no consensus on which is the threshold of serum cortisol concentration that defines ACS 

[14,20,24,25,68]. Depending on the threshold used, ACS may be present in 3 to 100% of patients 

with AIs; therefore, the reported sensitivity (44–100%) and specificity (24–100%) of the test for 

the screening of ACS varies widely [12,14,20]. Most authors agree that post-DST cortisol 

concentrations ≤1.8μg/dl are normal, that values >5.0 μg/dl are abnormal and point to 

hypercortisolism even in the absence of symptoms, and that  values between 1.8 and 5.0 μg/dl 

need additional tests [23,25]. 

In the absence of clinical signs of hypercortisolism, the diagnosis of ACS in patients with 

AIs is relevant for the identification of subjects at increased risk for cardiovascular disease and 

fragility fractures as well as at metabolic risk. Few studies, however, have addressed this issue 

to date. Some studies found the 1.8 µg/dl post-DST cortisol threshold to be the most sensitive 

for the screening of comorbidities [54,197]. Others advocate for higher post-DST cortisol 

thresholds to improve the sensitivity-specificity balance [103,122], while yet others consider 

that post-DST cortisol should be used in combination with low ACTH and high UFC to improve 

the prediction of ACS-related comorbidities [198], or even to predict the metabolic outcome 

after adrenalectomy [199]. Furthermore, the overall performance of the DST test for the 

diagnosis of ACS-related comorbidities remains to be established. 
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Our aim was to analyze the diagnostic performance of the DST as a screening tool for 

ACS-related comorbidities as well as to identify, among post-DST cortisol thresholds, that 

showing the best accuracy for this purpose. 

Methods 

Study population 

A retrospective multicenter study of patients with AIs was carried out in seven Spanish 

academic institutions. A total of 977 patients with one or more AI/s evaluated between 2001 

and March 2020 were identified. These were patients between 18 and 90 years old with 

incidentally discovered unilateral and/or bilateral AIs, of at least 10 mm at its largest diameter, 

who were included in the Spanish INCIDENTALOMA registry. Exclusion criteria for being 

registered in INCIDENTALOMA were as follows: (i) known diagnosis of hereditary syndromes 

associated with adrenal tumours; (ii) chronic treatment with glucocorticoids or drugs that affect 

dexamethasone metabolism; (iii) current treatment with oral hormonal contraceptives 

(treatment should be suspended for at least 6 weeks before performing the functionality study); 

and (iv) AIs identified during the extension study of an extra-adrenal primary cancer. 

Additional exclusion criteria for the present study were the following: (i) patients with 

overt syndromes of hormone excess such as Cushing’s syndrome (n=9), primary aldosteronism 

(n=26), pheochromocytoma (n=6), or sexual steroid producing adrenal lesions (n=0); (ii) patients 

with a diagnosis of adrenocortical carcinoma (n=4); and (iii) patients showing missing values in 

the initial DST (n=109) (Fig. 12). We analyzed patients’ data obtained during their initial 

evaluation and at their last available follow-up visit. 

The study was approved by the local Ethics Committee (EC) of Hospital Universitario 

Ramón y Cajal, Madrid, Spain. Informed consent was requested of those patients who continued 

in follow-up in the Endocrinology Department, but the EC did not consider it necessary to call 

those patients who were no longer receiving follow-up. 

Clinical evaluation and definitions 

Medical records were reviewed to extract information on demographics, such as age 

and sex, comorbidities (hypertension, type 2 diabetes, obesity, dyslipidemia, and 
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cerebrovascular and cardiovascular disease), anthropometric variables (body mass index (BMI)), 

and systolic and diastolic blood pressure. 

Type 2 diabetes, obesity, hypertension, dyslipidemia, and cardiovascular and cerebrovascular 

disease were considered ACS-related comorbidities. Obesity was defined as BMI ≥30 kg/m2. 

Hypertension was defined as systolic blood pressure ≥140 mmHg and/or diastolic ≥90 mmHg, or 

current use of high blood pressure medications. Diagnosis of type 2 diabetes and dyslipidemia 

was based on current standards [183,184]. Cardiovascular disease was defined as ischemic heart 

disease or heart failure, and cerebrovascular disease as transient ischemic attack or acute 

stroke. 

 

Figure 12. Study population and inclusion study population 

 

Abbreviations: AIs, adrenal incidentalomas; DST, dexamethasone suppression test 

 

Hormonal and biochemical evaluation 

During the initial evaluation, all AI patients underwent a DST and had urinary 

catecholamines and/or urinary metanephrines (normetanephrine and metanephrine) 

measured. At the discretion of the patient’s physician, the study was completed by measuring 

early morning circulating cortisol, adrenocorticotropic hormone (ACTH) and 

dehydroepiandrosterone sulphate (DHEA-S), night-time salivaly cortisol, and 24h urinary free 

cortisol concentrations (UFC). The aldosterone/renin ratio was also evaluated in hypertensive 
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patients, and 17-hydroxy-progesterone and serum basal cortisol were measured in bilateral AI. 

At the last available follow-up visit, DST was re-evaluated in 437 patients, with other hormones 

being measured if deemed necessary by the patients’ physician. 

In addition, all patients underwent routine biochemical profile tests after an 8h overnight fast 

both during their initial evaluation and at their last follow-up visit. The profile included fasting 

plasma glucose (FPG), total cholesterol, LDL-c, HDL-c, and triglycerides. HbA1c was also 

measured in 314 patients. 

The diagnosis of ACS required the absence of cortisol suppression at 8:00 am following 

the administration of 1 mg dexamethasone at 11.00 pm the previous night, in the absence of 

specific clinical features of Cushing’s syndrome such as myopathy, ecchymosis, and/or 

cutaneous atrophy [22]. Three different DST thresholds were evaluated to define cortisol 

suppression, namely, 1.8, 3.0 and 5.0 µg/dl. Post-DST serum cortisol concentrations were also 

analyzed as a continuous variable using receiver operating characteristics (ROC) curve analysis. 

Demographic, clinical, analytical, hormonal, and radiological data were evaluated both at 

recruitment and at the last follow-up visit. Management decision – either observation or surgery 

– after the last follow-up visit was also recorded.

Imaging studies 

All patients were submitted to an abdominal CT or MRI during their initial evaluation. 

Tumor size (largest diameter), uni- or bilaterality, presence of necrosis, calcification, atypical 

characteristics, lipid content, and radiodensity in Hounsfield units were evaluated. In bilateral 

AIs, the tumor size recorded was that of the largest AI. During follow-up, CT was repeated in 386 

patients and MRI was repeated in 259 patients. 

Statistical analysis 

Categorical variables are expressed as percentages; quantitative variables are expressed 

as mean ± standard deviation or median and range depending on the normal distribution of the 

variable. Odds ratios (with 95% confidence intervals) and mean differences were calculated as 

association measures. Student’s t test was used to compare differences between two groups 

(the normality of the sampling distribution was confirmed). Pearson’s correlation coefficients (r) 

were used to evaluate correlations between continuous variables. The chi-square test was 

performed for the comparison of categorical variables between independent groups. 

Comparisons between paired samples (baseline vs. follow-up evaluation values) were assessed 
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by paired t-tests or McNemar tests, as appropriate. Predictive factors of ACS-related 

comorbidities were identified by logistic regression, and COX regression model was used for the 

estimation of hazard ratios. Nonparametric ROC curve analysis was used to determine the 

diagnostic accuracy of post-DST cortisol concentrations for the prediction of ACS-related 

comorbidities regardless of predefined cut-off values [21]. All statistical analyses were 

performed with STATA.15. In all cases, a two-tailed P value <0.05 was considered statistically 

significant. The power of the ROC curves of the study was calculated using MedCalc software.  

 

Results 
 

Characteristics of the study cohort at inclusion in the registry 

The mean age of the 823 patients was 63.1±11.0 yr-old, of whom 472 (57%) were 

women and 351 (43%) were men. AIs were unilateral in 546 cases (66%) and bilateral in 277 

patients (34%). Mean adenoma size was 20.7±10.5 mm. 

At inclusion, 650 patients (83.7%) had one or more putative ACS-related comorbidities, 

specifically: 446 (54.7%) had hypertension; 261 (38.0%) had obesity; 420 (51.5%) had 

dyslipidemia; 212 (26.0%) had type 2 diabetes; 99 (12.2%) had cardiovascular disease; and 19 

(2.3%) had cerebrovascular disease. The prevalence of ACS was 33.5% (n=276), 13.7% (113), and 

5.6% (n=46) for the 1.8, 3.0, and 5.0 µg/dl DST thresholds, respectively.  

 

Differences in the cardiometabolic profile according to different ACS diagnostic thresholds 

The cardiometabolic profile of AI patients with and without ACS criteria was compared 

considering the three different diagnostic post-DST cortisol thresholds currently in use, namely, 

1.8, 3.0, and 5.0 µg/dl. Table 12 summarizes the differences in demographic, analytical, and 

imaging features, as well as in ACS-related comorbidities, between the two groups separately 

for each post-DST cortisol threshold. 

Using the 1.8 µg/dl threshold, no differences were found in sex or BMI between groups. 

Patients with ACS, however, were older, had larger AIs, and were more likely to present with 

ACS-related comorbidities than non-functioning AIs (NFAIs). Patients with ACS had higher 

prevalence of hypertension, type 2 diabetes, and dyslipidemia than patients with NFAIs. These 

differences continued being significant after adjusting for age (adjusted OR for hypertension was 
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1.7 [95%CI=1.2-2.3, P<0.0001], for type 2 diabetes 1.5 [95% CI=1.1-2.1, p<0.001], and for 

dyslipidemia 1.3 [95% CI=1.0-1.7, p<0.0001]) (Table 12). Using the 3.0 µg/dl threshold, no 

differences were observed in age, sex, or BMI at presentation, but tumor size was significantly 

larger in patients with ACS. Patients with ACS had higher prevalence of hypertension and type 2 

diabetes than patients with NFAIs, but no differences were observed in any of the other ACS-

related cardiometabolic comorbidities evaluated (Table 12). Using the 5.0 µg/dl threshold, no 

differences were observed in age or BMI at presentation, but there was a female predominance 

among ACS patients. Tumor size was on average more than 10 mm larger in ACS patients. 

Hypertension was more prevalent among the ACS group, but no other differences were found 

in the cardiometabolic profile between patients with ACS and with NFAIs (Table 13). 

Table 12. Cardiometabolic profile at presentation in patients with ACS vs patients with NFAI 

Variable ≥1.8µg/dl 
ACS (n=276) vs NFAI 

(n=547) 

≥3 µg/dl 
ACS (n=113) vs NFAI 

(n=710) 

≥5 µg/dl 
ACS (n=46) vs NFAI 

(n=777) 

Age, years 64.8±10.7 vs 
62.3±11.1, P=0.002 

64.0±10.8 vs 
63.0±11.1, P=0.370 

61.9±11.3 vs 
63.2±11.0, P=0.423 

Male sex OR=0.9, 95% CI= 0.7-
1.2, P=0.535 

OR=0.8, 95% CI= 0.5-
1.1, P=0.181 

OR=0.4, 95% CI= 0.2-
0.7, P=0.003 

Presence of any ACS-
related 
comorbidities 

OR=1.6, 95% CI= 1.1-
2.5, P=0.019 

OR=2.2, 95% CI=1.1-
4.3, P=0.015 

OR=2.9, 95% CI=0.9-
9.4, P=0.045 

Diabetes OR=1.6, 95% CI=1.2-
2.2, P=0.005 

OR=1.7, 95% CI= 1.1-
2.6, P=0.014 

OR=1.2, 95% CI=0.6-
2.3, P=0.654 

Oral hypoglycemic 
treatment or insulin 
therapy 

OR=1.6, 95%CI=1.0-
2.3, P=0.037 

OR=2.0, 95%CI=1.2-
3.4, P=0.012 

OR=1.4, 95%CI=0.6-
3.3, P=0.403 

Hypertension OR=1.8, 95% CI=1.3-
2.4, P<0.001 

OR=2.1, 95% CI= 1.4-
3.3, P<0.001 

OR=2.0, 95% CI= 1.0-
3.7, P=0.034 

Antihypertensive 
therapy 

OR=1.9, 95% CI=1.3-
2.8, P=0.001 

OR=2.3, 95%CI=1.3-
4.1, P=0.004 

OR=2.3, 95%CI=0.9-
5.7, P=0.065 

Dyslipemia OR=1.4, 95% CI= 1.0-
1.9 P=0.029 

OR=1.4, 95% CI=0.9-
2.1, P=0.094 

OR=1.6, 95% CI=0.9-
2.9, P=0.140 

Lipid-lowering 
therapy 

OR=1.3, 95%CI=0.9-
1.9, P=0.175 

OR=1.5, 95%CI=0.9-
2.6, P=0.112 

OR=2.3, 95%CI=1.0-
5.5, P=0.052 

Obesity OR=0.9, 95% CI= 0.7-
1.3, P=0.557 

OR=1.1,95% CI= 0.7-
1.6, P=0.783 

OR=1.3, 95% CI= 0.7-
2.5, P=0.425 

Cerebrovascular 
disease 

OR=1.2, 95% CI= 0.5-
3.0, P=0.756 

OR=1.2, 95% CI= 0.3-
4.1, P=0.797 

OR=2.1, 95% CI= 0.5-
9.2, P=0.386 

Cardiovascular 
disease 

OR=1.4, 95% CI= 0.9-
2.1, P=0.136 

OR=1.2, 95% CI=0.7-
2.2, P=0.474 

OR=1.1, 95% CI= 0.5-
2.8, P=0.784 

BMI (kg/m2) 28.6±7.4 vs 29.0±7.2, 
P=0.472 

28.7±7.7 vs 28.9±7.2, 
P=0.780 

28.3±9.0 vs 28.9±7.2, 
P=0.630 
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ACTH (normal range: 9 to 52pg/ml); ACS, autonomous cortisol secretion; BMI, body mass index; DHEAS, 

dehydroepiandrosterone sulphate; FPG, fasting plasma glucose levels; HbA1c, hemoglobin A1c; HDL-c, 

high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; NFAI, non-functioning 

adrenal incidentaloma; UFC, urinary-free cortisol. 

Differences were analyzed using three different post-DST cortisol thresholds as follows: 1.8, 3.0, and 5.0 

µg/dl. Differences in quantitative variables are expressed in mean differences (d) between the ACS and 

NFAI group (the differences were calculated with Student’s t test), and for qualitative variables, 

differences are expressed in odds ratios (OR) and 95% confident interval (OR and confident intervals were 

calculated with logistic regression model using ACS as the reference group). 

 

Assessment of diagnostic accuracy of DST for ACS-related cardiometabolic comorbidities 

Even though ACS-related comorbidities were associated with incomplete suppression of 

serum cortisol concentrations in the DST, the diagnostic accuracy of this test to predict ACS-

related comorbidities was very poor, indicating lack of clinical usefulness [AUC = 0.583, 95% CI: 

0.547-0.618; power (1-β) = 0.86]. Among post-DST cortisol concentrations, the best combination 

of sensitivity and specificity to identify patients presenting with at least one ACS-related 

Variable ≥1.8µg/dl 
ACS (n=276) vs NFAI 
(n=547) 

≥3 µg/dl 
ACS (n=113) vs NFAI 
(n=710) 

≥5 µg/dl 
ACS (n=46) vs NFAI 
(n=777) 

Systolic blood 
pressure (mmHg) 

135.9±18.0 vs 
135.5±17.6, P=0.806  

136.7±18.8 vs 
135.4±17.6, P=0.533 

135.9±17.4 vs 
135.6±17.4, P=0.909 

Dyastolic blood 
pressure (mmHg) 

78.7±10.6 vs 
79.7±10.1, P=0.254 

79.6±10.2 vs 
79.3±10.3, P=0.769 

78.4±11.7 vs 
79.4±10.2, P=0.551 

FPG (mg/dl) 111.7±36.2 vs 
104.9±28.7, P=0.004 

112.5±40.8 vs 
106.3±29.8, P=0.055 

99.1±28.3 vs 
107.6±31.7, P=0.081 

HbA1c (%) 6.5±1.2 vs 6.3±4.4, 
P=0.738 

6.5±1.2 vs 6.4±3.9, 
P=0.861 

6.2±0.8 vs 6.4±3.7, 
P=0.860 

LDL-c (mg/dl) 114.0±36.0 vs 
116.8±34.0, P=0.364 

114.5±33.1 vs 
116.1±34.9, P=0.711 

117.6±32.3 vs 
115.8±34.8, P=0.755 

HDL-c (mg/dl) 51.1±15.2 vs 
53.9±16.2, P=0.047 

52.0±17.1 vs 
53.1±15.8, P=0.575 

53.9±20.3 vs 
52.9±15.6, P=0.718 

Triglycerides (mg/dl) 119.2±60.7 vs 
110.5±53.4, P=0.044 

117.0±54.3 vs 
112.8±56.3, P=0.492 

120.6±57.7 vs 
113.0±55.9, P=0.390 

UFC (µg/24h) 54.0±41.3 vs 
45.5±90.5, P=0.287 

60.6±48.8 vs 
46.3±79.2, P=0.154 

58.2±46.3 vs 
48.2±76.6, P=0.493 

ACTH (pg/ml) 15.8±21.3 vs 
21.1±21.9, P=0.006 

15.5±15.8 vs 
19.9±22.7, P=0.092 

16.0±18.7 vs 
19.5±22.1, P=0.340 

DHEAS (ng/ml) 315.5±375.6 vs 
523.3±3, P<0.0001 

334.1±468.9 vs 
474.1±522.3, 
P=0.046 

265.5±457.3 vs 
469.9±519.4, 
P=0.030 

Tumor size (mm) 24.8±10.9 vs 
18.8±9.8, P<0.0001 

27.2±12.6 vs 
19.6±9.8, P<0.0001 

31.6±13.6 vs 
19.9±9.9, P<0.0001 

Bilaterality OR= 2.0, 95% CI= 1.5-
2.7, P<0.001 

OR=2.1, 95% CI= 1.4-
3.1, P<0.0001 

OR=1.6, 95% CI=0.9-
2.8, P=0.154 

Tumor rich in lipidic 
content 

OR=0.8, 95% CI=0.5-
1.2, P=0.273 

OR=0.5, 95% CI= 0.3-
0.9, P=0.024 

OR=0.6, 95% CI=0.3-
1.2, P=0.164 



77 

comorbidity was that of the 1.5 µg/dl result, but these values – 53% sensitivity and 60% 

specificity – further suggested that the DST was inaccurate for this purpose in the clinical setting. 

Moreover, ROC curve analysis indicated that the DST was also not useful to predict any of the 

individual comorbidities separately (all areas under the ROC curve were below 0.61, Fig. 13). 

In the logistic regression model, the predictive capacity of the DST for diabetes, 

hypertension, dyslipidemia, obesity, and cardiovascular and cerebrovascular events was also 

low (LR2 <1.0 and p>0.05 for all analyses; data not shown). 

UFC and night-time salivaly cortisol were available in 369 and 253 patients, respectively. 

The AUC in the ROC curves of both tests was even lower than the DST for the prediction of ACS 

comorbidities (AUC 0.527, 95% CI: 0.451-0.604 and AUC 0.512, 95% CI: 0.405- 0.620, 

respectively) 

Follow-up study 

Follow-up clinical and hormonal information was available in 437 patients. They were 

followed up for a median time of 31 [range 4.2 to 188.6] months. During follow-up, the mean 

overall increase in post-DST cortisol concentrations was 0.2±6.1 µg/dl. A total of 31 out of 235 

(13.2%), 20 out of 360 (5.6%), and 15 out of 410 (3.7%) patients with NFAIs at presentation 

developed ACS during follow-up, using the 1.8, 3.0 or 5.0 µg/dl DST thresholds, respectively. 

None of the cases developed overt hormone excess syndromes during follow-up or malignancy. 

Some patients developed ACS-related comorbidities during follow-up (5.4% type 2 diabetes; 

5.4% hypertension; 10.6% dyslipidemia; 4.2% obesity; 2.0% cardiovascular disease; and 0.5% 

cerebrovascular disease). Thirteen AIs showed significant tumor growth (as defined by an 

increase above 10 mm). Twenty-five unilateral AIs were submitted to unilateral adrenalectomy, 

with most of them being adrenocortical adenomas on histological examination, except two that 

were myelolipomas. No differences were found between patients with ACS and patients with 

NFAI in the rate of tumor growth or in the rate of new onset cardiometabolic comorbidities, 

regardless of the DST threshold used to define ACS. Most markers of cardiometabolic risk such 

as HbA1c, BMI, and lipid profile remained stable or even improved during follow-up in ACS 

patients (Table 13). 
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Figure 13. ROC curve analysis of the performance of the overnight dexamethasone suppression 

test (DST) for the prediction of ACS-related comorbidities 

AUC, area under the ROC curve; DST, dexamethasone suppression test 

ROC curves using the dexamethasone suppression test for the prediction of (a) type 2 diabetes 
(AUC=0.598, 95% CI=0.564-0.632), optimal threshold: 1.32, with a sensitivity of 66.0% and specificity of 
48.4%, power=0.98; (b) hypertension (AUC=0.613, 95% CI=0.578-0.646), optimal threshold 1.45 with a 
sensitivity of 58.5% and specificity of 58.9%, power=0.99; (c) dyslipidemia (AUC=0.580, 95% CI=0.546-
0.615), optimal threshold 1.46 with a sensitivity of 56.0% and specificity of 55.8%, power=0.97; (d) obesity 
(AUC= 0.463, 95% CI=0.425-0.501), optimal threshold 1.56 with a sensitivity of 46.0% and specificity of 
52.6%, power=0.95; (e) cardiovascular disease (AUC=0.586, 95% CI=0.551-0.620), optimal threshold 1.48 
with a sensitivity of 62.6% and specificity of 52.2%, power=0,75; and (f) cerebrovascular disease 
(AUC=0.528, 95% CI=0.493-0.562), optimal threshold 1.63 with a sensitivity of 47.4% and specificity of 
58.7%, power <0.70. 

 

 

a) b)

) 

 a) 

c) d) 

e) f) 
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Table 13. Differences between patients with ACS and patients with NFAI in the occurrence of 

newly diagnosed cardiometabolic disorders during follow-up, depending on the DST threshold 

used to define ACS 

Differences between patients with ACS and patients with NFAI were analyzed using three different post-
DST cortisol thresholds, as follows: 1.8, 3.0, and 5.0 µg/dl. Comparisons of continuous variables between 
baseline vs. follow-up were assessed by paired t-tests and hazard ratios (HR), and confident intervals were 
calculated using COX regression model (ACS group was considered the reference group).  
∆, differences between the mean values at presentation and at last follow-up visit.  ACS, autonomous 

cortisol secretion; BMI, body mass index; DST, 1 mg overnight dexamethasone suppression test; FPG, 

fasting plasma glucose levels; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein 

cholesterol; NFAI, non-functioning adrenal incidentaloma 

DST threshold ≥1.8µg/dl 
ACS (n=276) vs NFAI 

(n=547) 

≥3 µg/dl 
ACS (n=113) vs NFAI 

(n=710) 

≥5 µg/dl 
ACS (n=46) vs NFAI 

(n=777) 

Diabetes HR=0.9, 95% CI=0.5-1.8, 
P=0.782 

HR=0.7, 95% CI=0.3-
1.9, P=0.517 

HR=0.4, 95% CI=0.1-
3.1, P=0.330 

Hypertension HR= 0.6, 95% CI=0.3-
1.2, 

P=0.156 

HR= 0.7, 95% CI= 0.3-
1.8, P=0.442 

HR= 1.2, 95% CI=0.4-
4.0, P=0.745 

Dyslipidemia HR=0.7, 95% CI=0.4-1.2, 
P=0.219 

HR=0.6, 95% CI=0.3-
1.3, P=0.182 

HR=0.9, 95% CI=0.3-
2.4, P=0.773 

Obesity HR= 1.0, 95% CI=0.4-
2.3, P=0.994 

HR=1.3, 95% CI=0.5-
3.5, P=0.625 

HR=3.1, 95% CI=1.0-
9.02, P=0.073 

Cerebrovascular 
disease 

HR=0.2, 95% CI=0.2-
24.6, P=0.503 

HR=5.8, 95% CI=0.5-
65.2, P=0.139 

NC 

Cardiovascular 
disease 

HR=1.5, 95% CI=0.5-4.6, 
P=0.433 

HR=0.3, 95% CI= 0.0-
2.4, P=0.182 

NC 

∆ BMI (kg/m2) 0.1±0.2 vs -0.0±0.2 
P=0.740 

-0.4±0.3 vs 0.2±2.7
P=0.217 

-0.3±0.4 vs 0.0±0.1
P=0.524 

∆ Systolic blood 
pressure 
(mmHg) 

-2.8±1.8 vs 0.2±1.1
P=0.133 

-0.6±2.8 vs -1.0±1.0
P=0.877 

-3.8±5.1 vs -0.7±0.9
P=0.420 

∆ Diastolic blood 
pressure 
(mmHg) 

-0.3±1.0 vs 0.6±0.6
P=0.395 

-1.7±1.3 vs 0.7±0.6
P=0.087 

-0.7±2.4 vs 0.3±0.5
P=0.632 

∆ FPG (mg/dl) -1.1±1.9 vs 1.8±1.5
P=0.242 

-1.1±3.2 vs 1.1±1.3
P=0.507 

-3.9±3.8 vs 1.0±1.2
P=0.329 

∆ HbA1c (%) -0.1±0.1 vs -0.4±0.6
P=0.759 

-0.1±0.2 vs -0.3±0.5
P=0.838 

-0.1±0.2 vs -0.3±0.4
P=0.900 

∆ LDL-c (mg/dl) -9.1±2.9 vs -7.4±2.1
P=0.642 

-11.5±4.1 vs -7.4±1.9
P=0.393 

-7.3±5.8 vs -8.0±1.8
P=0.911 

∆ HDL-c (mg/dl) 2.3±0.7 vs 2.3±1.1 
P=0.502 

2.6±1.3 vs 1.7±0.6 
P=0.583 

2.4±2.0 vs 1.8±0.6 
P=0.790 

∆ Triglycerides 
(mg/dl) 

-0.2±4.2 vs 2.8±2.8
P=0.543 

1.1±5.7 vs 1.8±2.6 
P=0.906 

-2.6±7.9 vs 2.0±2.4
P=0.632 

∆ Tumor size 
(mm) 

0.2±0.6 vs 0.3±0.3 
P=0.874 

0.1±1.2 vs 0.3±0.3 
P=0.832 

-0.5±0.9 vs 0.3±0.3
p=0.460 

∆ Tumor size 
>10mm

HR= 1.1, 95% CI=0.4-3.3 
P=0.846 

HR=2.3, 95% CI=0.8-
7.2, P=0.157 

HR=1.1, 95% CI=0.1-
8.7, P=0.919 
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Discussion 
 

The major finding of our study is that, based on the ROC curve analysis of a large and 

adequately powered retrospective series of 823 patients with AIs, the overnight 1 mg DST test 

fails to predict ACS-related comorbidities, either individually or when considering all these 

comorbidities as a whole. In fact, the areas under the ROC curves were below 0.62 for all 

comorbidities, indicating that the DST was only marginally better than chance (which would yield 

a 0.50 value) for this purpose. 

Accordingly, all the thresholds suggested by the ROC curve analysis software used here 

for post-DST cortisol concentrations lacked the minimum sensitivity and specificity 

combinations to be clinically useful. Importantly, the prevalences of ACS, diabetes, 

hypertension, dyslipidemia, obesity, and cardiometabolic complications in our series were 

similar to those reported in previous publications [54,103,104,164,179,200], implying that our 

sample may be representative of what happens in clinical practice, allowing extrapolation of our 

present results to other populations. 

Previous studies suggested that the prevalence of ACS-related comorbidities correlated 

directly with post-DST cortisol levels [20,25,65], explaining the recommendation of this test as 

a screening of ACS in patients with AIs. In fact, even in our series, lack of complete suppression 

of early morning cortisol concentrations after the DST was associated with the presence of ACS-

related comorbidities, in agreement with the overall concept of ACS and the increased incidence 

of cardiometabolic comorbidities in apparently non-functioning AIs found in some studies 

[46,137]. 

However, our present results indicate that the 1 mg overnight DST is not an appropriate 

tool for the diagnosis of ACS in patients with AIs in routine clinical practice, and that the actual 

demonstration of the autonomy of cortisol secretion in these patients requires a more 

convincing approach. Several weaknesses of the DST may contribute to this lack of accuracy, 

such as patient compliance with the ingestion of dexamethasone the night before testing and 

individual differences in the intestinal absorption and hepatic metabolism of dexamethasone. 

The former might be altered in patients with intestinal disorders, including lactose intolerance 

or celiac disease – most dexamethasone preparations available in Spain contain lactose – and 

the latter may be accelerated by some medications [201]. 

In addition, the poor performance of the DST test in our study may be explained by 

factors unrelated to AIs that might be the real drivers of the initiation and progression of the 
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comorbidity observed in some patients.  In addition, there may be other AI-related factors aside 

from the grade of autonomy of cortisol secretion that could contribute to the occurrence and/or 

progression of cardiometabolic comorbidities, such as tumor size, duration of cortisol 

hypersecretion (which in retrospective series can only be accounted for since the time of 

diagnosis), or hypersecretion of steroid metabolites other than cortisol which are usually not 

measured in clinical practice. The latter could also be contributing to the excess comorbidity 

observed in apparently non-functioning AIs [55,148]. 

In our series, albeit ACS was associated with several cardiometabolic diseases at 

presentation, such as hypertension, dyslipidemia, and diabetes, we did not observe worsening 

of these comorbidities over time. This observation could also be explained by the fact that 

factors other than ACS could have been the main drivers of these comorbidities, although it 

could also reflect the lack of progression of ACS in most patients during follow-up. Supporting 

this observation, previous studies have also found a low probability of progression of 

cardiometabolic comorbidities during follow-up of AIs with ACS [196,202]. On the other hand, 

Dalmazi et al. [72] reported that 42.2% of patients developed subclinical Cushing’s syndrome or 

worsened secreting patterns. Moreover, they found that cardiovascular events were associated 

independently with a change (from baseline to the end of follow-up) in cortisol concentrations 

post DST (hazard ratio 1.13, 95% CI 1.05-1.21; P=0.001). However, since we did not control for 

dosing or number of drugs needed to treat these comorbidities, we cannot rule out a selection 

bias if patients with ACS had a tighter metabolic control than patients with non-functioning AIs. 

Nevertheless, our study was not free of several limitations. First, its retrospective nature 

did not allow for conclusions to be reached in terms of causality, while the risk of confounding 

factors was higher. Second, some related comorbidities such as osteoporosis and fracture risk 

have not been evaluated due to the higher prevalence of missing values. Furthermore, the 

difficulties in studying multifactorial complex diseases with classic statistics [104] should be 

taken into account along with the fact that besides cortisol secretion, even peripheral cortisol 

activation and tissue cortisol sensitivity may play a role in the pathogenesis of ACS-related 

comorbidities [203]. It is also possible that longer follow-up is needed to identify relevant 

changes in cardiometabolic outcomes. However, most guidelines suggest that 5 years of follow-

up is sufficient for patients with AIs, a figure that is close to the mean duration of follow-up in 

our series.  Additionally, as stated above, dexamethasone metabolism could be affected by 

several factors such as drugs, obesity, type 2 diabetes, and other comorbidities [78,204]. For this 

reason, some experts propose simultaneous measurement of cortisol and dexamethasone levels 

after a DST to ensure that adequate serum dexamethasone concentrations were reached during 
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the test. We did not measure dexamethasone levels routinely, thus, this information was not 

available in our study.   

 

Conclusion  
Our study indicates that the 1 mg DST fails to identify among patients with AIs those 

with cardiometabolic comorbidities and/or those developing them during follow-up. Based on 

our present results, an accurate diagnosis of ACS requires more complete workups possibly 

including the combination of biochemical tests and imaging techniques. Such workups should 

establish the presence of actually unregulated ACS with certainty, only this certainty being 

capable of solving the issue of the association of AIs with cardiometabolic disorders as well as of 

establishing the putative causal role of subclinical cortisol excess in this association. Finally, 

further studies are needed to identify other clinical and/or metabolic markers of the 

development and progression of cardiometabolic comorbidities in patients with AIs. 
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CAPÍTULO 3: Diagnostic accuracy of the different hormonal 

tests used for the diagnosis of autonomous cortisol secretion. 

Marta Araujo-Castro, Ana García Cano, Lucía Jiménez Mendiguchía, Héctor F Escobar-

Morreale, Pablo Valderrábano. Diagnostic accuracy of the different hormonal tests used for 

the diagnosis of autonomous cortisol secretion. Sci Rep. 2021 Oct 15;11(1):20539. doi: 

10.1038/s41598-021-00011-4. (Ver ANEXO III) 
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Abstract: 
 

Purpose: To evaluate the diagnostic accuracy of the different tests commonly used in the 

evaluation of adrenal incidentalomas (AIs) for the identification of autonomous cortisol 

secretion (ACS) and comorbidities potentially related to ACS. 

Methods: In a retrospective study of patients with AIs ≥1 cm, we evaluated the diagnostic 

reliability and validity of the dexamethasone suppression test (DST), urinary free cortisol (UFC), 

ACTH, late-night salivaly cortisol (LNSC), and dehydroepiandrosterone-sulphate (DHEAS) for the 

diagnosis of comorbidities potentially related to ACS. Diagnostic indexes were also calculated 

for UFC, ACTH, LNSC, and DHEAS considering DST as the gold standard test for the diagnosis of 

ACS, using three different post-DST cortisol thresholds (138 nmol/L, 50 nmol/L and 83 nmol/L) 

Results: We included 197 patients with AIs in whom the results of the five tests abovementioned 

were available. At diagnosis, 85.9% of patients with one or more AIs had any comorbidity 

potentially related to ACS, whereas 9.6% had ACS as defined by post-DST cortisol >138 nmol/L. 

The reliability of UFC, ACTH, LNSC, and DHEAS for the diagnosis of ACS was low (kappa index 

<0.30). Of them, LNSC reached the highest diagnosis accuracy for ACS identification (AUC=0.696 

[95%CI: 0.626-0.759]). The diagnostic performances of these tests for comorbidities potentially 

related to ACS was poor; of them, the DST was the most accurate (AUC=0.661 [95%CI: 0.546-

0.778]) and had the strongest association with these comorbidities (OR=2.6, P=0.045). Patients 

presenting with increased values of both DST and LNSC had the strongest association with 

hypertension (OR=7.1, P=0.002) and with cardiovascular events (OR=3.6, P=0.041). 

Conclusion: LNSC was the test showing the highest diagnosis accuracy for the identification of 

ACS when a positive DST was used as the gold standard for its diagnosis. The DST test showed 

the strongest association with comorbidities potentially related to ACS. The definition of ACS 

based on the combination of elevated DST and LNSC levels improved the identification of 

patients with increased cardiometabolic risk. 
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Introduction 
 

Adrenal incidentalomas (AIs) are defined as adrenal masses detected in imaging tests 

performed for reasons unrelated to adrenal disease [18,25,177]. All patients with AIs must be 

evaluated to exclude malignancy and hormonal excess [23,25]. Even though imaging tests offer 

a high sensitivity and a reasonable specificity for the diagnosis of malignancy, functional 

evaluation of AIs is often challenging. Particularly, consensus is lacking regarding the definition 

and diagnostic criteria of autonomous cortisol secretion (ACS), which may associate an increased 

cardiometabolic morbidity and mortality and might appear in as many as 20% of patients with 

AIs [59]. Nonetheless, ACS is usually defined by an incomplete cortisol suppression in response 

to the overnight 1 mg dexamethasone suppression test (DST), in the absence of clinical data 

specific of Cushing’s syndrome [20,23–25]. Nevertheless, other tests such as 24-hour urinary 

free cortisol (UFC), late-night salivaly cortisol (LNSC) and plasma adrenocorticotropic hormone 

(ACTH) have been proposed for the definition of ACS. However, there are few data comparing 

these tests and the DST for the diagnosis of ACS; hence, UFC, LNSC and ACTH are usually used 

as tools to complement the results of the DST in this setting. On the other hand, under usual 

routine clinical practice conditions, the diagnostic performance of the DST and complementary 

tests for the identification of comorbidities potentially related to ACS seems to be poor. 

We hypothesized that the identification of cardiometabolic morbidities potentially 

related to ACS in patients with AIs could improve with the use of a panel of tests usually used to 

characterize adrenal function, either individually or in combination. Moreover, we evaluated the 

reliability and validity for the diagnosis of ACS – considering an increased DST result as the gold 

standard for ACS definition following current European clinical guidelines [2] – of four tests 

routinely used for the evaluation of adrenal function, including plasma ACTH, age and sex 

adjusted serum dehydroepiandrosterone sulphate (DHEA-S) levels, UFC and LNSC. 

 

Methods 
 

Patients 

We retrospectively queried the electronic registry of the hormone laboratory of Hospital 

Universitario Ramón y Cajal to identify all patients in whom a DST had been performed between 

2013 and 2020. We reviewed their medical records and selected those patients aged 18 to 90 

years-old who presented with incidentally discovered unilateral and/or bilateral AIs of at least 
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10 mm in the largest diameter. We excluded patients with: i) known diagnosis of hereditary 

syndromes associated with adrenal tumours; ii) chronic treatment with glucocorticoids or drugs 

that might affect dexamethasone metabolism; iii) treatment with oral hormonal contraceptives 

during the 6 weeks preceding the test; iv) AIs identified during the extension study of an extra-

adrenal cancer; v) patients with overt syndromes of adrenal hormone excess, vi) adrenocortical 

carcinoma; vii) adrenal metastasis from extra-adrenal tumours; and viii) missing information in 

the results of one or more of the five tests evaluated here) (Figure 14). We analysed patients’ 

data obtained during their initial evaluation and at their last available follow-up visit. 

Figure 14. Study cohort 

DST, dexamethasone suppression test; LNSC, late-night salivary cortisol; UFC, urinary free cortisol 

Clinical evaluation 

Demographics information such as age and sex; presence of comorbidities potentially 

related to ACS (hypertension, type 2 diabetes, obesity, dyslipidaemia, cerebrovascular and 

cardiovascular disease); body mass index (BMI); and systolic and diastolic blood pressure were 

extracted from medical records. Obesity was defined by a BMI equal or greater to 30 kg/m2. 

Hypertension was defined as systolic blood pressure equal to or greater than 140 mmHg and/or 

diastolic blood pressure equal to or greater than 90 mmHg, or treatment with blood pressure 

lowering medications. Diagnosis of type 2 diabetes and dyslipidaemia was based on current 

standards [183,184]. Cardiovascular disease was defined as ischemic heart disease or heart 

failure, and cerebrovascular disease as transient ischemic attack or acute stroke. 

Figure 1. Study cohort 

DST= dexamethasone suppression test; LNSC= late-night salivary cortisol, UFC= urinary free cortisol 

EXCLUSION CRITERIA: 

-Adrenal carcinoma (n=2) 

-Primary aldosteronism (n=12)

-Pheochromocytoma (n=4) 

-Overt Cushing´s syndrome (n=2)

-Adrenal metastasis (n=1)

-Missing information in DHEAS

(n=269), ACTH (n=222), LNSC (n=364) 

or UFC (n=354)

Patients with adrenal incidentalomas 

evaluated with DST between 2013-2020 at 

our institution (n=730) 

STUDY COHORT 

(n=197) 
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Management decision regarding AIs – either observation or surgery – after the last 

follow-up visit was also registered. 

 

Biochemical and hormonal evaluation 

Routine biochemical profile after an 8h overnight fasting was performed at diagnosis 

and at the last follow-up visit available. Biochemical profiles included fasting plasma glucose, 

total cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides and HbA1c (the latter was 

available only in 55 cases). Hormonal studies at the initial evaluation included urinary 

catecholamines and/or urinary metanephrines, DST, UFC, ACTH, DHEA-S and LNSC. 

DST, UFC, ACTH, age- and sex-adjusted DHEA-S, and LNSC were analysed as continuous 

and categorical variables. When considering the DST test as the gold standard for the calculation 

of reliability and validity for ACS diagnosis of the others tests of adrenal function, we evaluated 

not only the post-DST cortisol 138 nmol/L (5.0 µg/dL) [2], but also the 50 nmol/L (1.8 µg/dL) and 

83 nmol/L (3.0 µg/dL) cut-off values. For the evaluation of the diagnosis accuracy of the DST for 

the identification of comorbidities potentially related to ACS, the >50 nmol/L threshold was 

employed, based on the results of the ROC curves and on previous studies that found that this 

cut-off was the most sensitive for this purpose [71,72,104,198,205]. UFC levels above the upper 

limit of the reference range in our laboratory were considered elevated. Besides, patients with 

UFC levels within the reference range were classified into two groups – normal-low or normal-

high UFC levels – using 1930 nmol/24h (70 µg/24h) as threshold, because this was the value that 

associated the highest specificity for the diagnosis of ACS according to the results of the ROC 

curve. Patients with UFC levels two-fold above the reference range were diagnosed with overt 

Cushing’s syndrome and excluded from the study (Figure 14). ACTH levels below 2 pmol/L (10 

pg/ml) were considered low. LNSC levels above the upper limit of the reference range in our 

laboratory were considered elevated. DHEA-S levels were considered to be elevated or 

decreased according to age- and sex-specific reference ranges in our laboratory. 

 

Laboratory assays 

As we have previously reported [206,207], urine and serum cortisol were measured by 

immunochemiluminescence assays in an Architect i2000 systems Abbott Diagnostics platform, 

with an intra-assay coefficient of variation (CV) <10%; the normal range was 102–535 nmol/L 

(3.7–19.4 µg/dl) for serum cortisol and <3862 nmol/24h (140 µg/24h) for 24-hour urine cortisol. 

LNSC was measured by electroimmunochemiluminescence in a Cobas 6000 Roche autoanalyser, 
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with an intra-assay CV <10% and a reference range lower than 157 nmol/L (<5.7 µg/dL). The 

determination of ACTH was performed by immunochemiluminescence assays (we used 

Immulite 2000 Siemens before 2019 and Liaison XL Diasorin thereafter), with an intra-assay CVs 

<10%. Normal values for ACTH were between 2.0–10.1 pmol/L (9–46 pg/ml) for the Immulite 

assay and 1.0–10.7 pmol/L (5–49 pg/ml) for the Liaison XL assay. DHEA-S was measured by 

immunochemiluminescence assay in Immulite 2000 Siemens system; with intra-assay CV <15%. 

Reference ranges for DHEA-S were age- and sex-specific (Table 14).  

Table 14. References ranges for DHEAS levels (ng/ml) 

AGE FEMALE AGE MALES 

18-24 150-3402 ng/ml 20-29 2800-6400 ng/ml 

25-34 150-2982 ng/ml 30-39 1200-5200 ng/ml 

35-49 150-2582 ng/ml; 40-49 950-5300 ng/ml;

50-59 260-2000 ng/ml 50-59 700-3100 ng/ml

60-69 130-1300 ng/ml 60-69 420-2900 ng/ml

70-79 280-1750 ng/ml. 70-89 280-1750 ng/ml

Imaging studies 

At diagnosis, abdominal computed tomography or magnetic resonance imaging were 

obtained in all AIs patients. Tumour size (largest diameter), uni- or bilaterality, presence of 

necrosis, calcification and atypical characteristics, lipid content and radiodensity measured in 

Hounsfield units (HU) were registered. In bilateral AIs, the recorded tumour size was that of the 

largest AI. The adrenal tumour was classified as having rich lipid content when attenuation was 

low (<10 HU) in a CT performed without contrast administration or when the washout in a CT 

with contrast was rapid (>60% absolute washout or >40% relative washout) [23]. Computed 

tomography was repeated in 99 patients and magnetic resonance imaging was repeated in 80 

patients during follow-up. 

Statistical analysis 

We checked continuous variables for normality using the Shapiro-Wilk test, and for 

homogeneity of the variances using Levene’s test. Categorical variables were expressed as 

counts and percentages, whereas continuous variables were expressed as mean ± standard 

deviation or median and interquartile range (IQR) as appropriate. Odds ratios (with 95% 

confidence intervals) and mean differences were calculated as association measures using 

logistic regression models or lineal regression β coefficients. For variables following the normal 
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distribution, we used Student’s t test to compare differences between two groups. The chi-

square test was used for the comparison of categorical variables between independent groups. 

Cox regression analysis was used to estimate hazard ratios during follow-up. Reliability was 

evaluated with the kappa index and the specific positive and negative agreement indexes. 

Nonparametric receiver-operator curve (ROC) analysis was used to determine the diagnostic 

accuracy for the diagnosis of ACS, and of comorbidities potentially related to ACS, of the 

different hormonal tests, either individually or in combination. In all cases, a two-tailed P value 

<0.05 was considered as statistically significant. All statistical analyses were performed using 

STATA 15 (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX: StataCorp 

LLC). 

 

Results 

 

Cardiometabolic profile at diagnosis and during follow-up 

Following inclusion and exclusion criteria, 197 patients – of a total of 709 patients with 

AIs consecutively evaluated between 2013 and 2020 at our centre – were included in the 

analysis. No statistically significant differences were detected between the patients with AIs 

included or excluded in the study with the exception of higher cortisol post-DST, lower ACTH 

levels and a larger tumour size in the former (Supplementary Material Table S4). Baseline 

characteristics of the cohort included in the present study are summarized in Table 15. At 

diagnosis, 19 patients (9.6%) had ACS (as defined by a post-DST cortisol >138 nmol/L) and 169 

patients (85.9%) presented with one or more comorbidities potentially related to ACS. The 

prevalence of obesity was of 31%, yet no statistically significant differences in the post-DST 

cortisol levels were found between patients with and without obesity (59 ± 49 nmol/L vs 71 ± 

82 nmol/L, respectively, P=0.316). Four patients presenting with non-functioning AIs >4 cm 

underwent adrenalectomy, and active surveillance was carried out in the remainder. After a 

median follow-up of 30.6 (IQR = 2.0-114.7) months, 6 out of 120 patients with non-functioning 

AIs developed ACS and 23 patients developed one or more new comorbidities: 20 (23.0%) 

developed dyslipidaemia; 6 (8.8%) developed hypertension; 9 (11.5%) became obese; 6 (4.5%) 

were diagnosed with type 2 diabetes; and 5 (3.2%) suffered a cardiovascular event. No 

cerebrovascular events were registered during follow-up. 
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Table 15. Baseline characteristics of the cohort (n=197) 

Abbreviations: ACTH= adrenocorticotropic hormone; ACS= autonomous cortisol secretion; DST= 

dexamethasone suppression test; DHEAS=dehydroepiandrosterone sulphate. LDL-c=low-density 

lipoprotein cholesterol; HDL-c= high-density lipoprotein cholesterol; HbA1c= haemoglobin A1c 

PARAMETER VALUE 

CLINICAL DATA: 

Age, years 

Female sex 

Comorbidities potentially related to ACS 

Diabetes 

Hypertension 

Dyslipidaemia 

Obesity 

Cerebrovascular disease 

Cardiovascular disease 

Body mass index (kg/m2) (n=133) 

Systolic blood pressure (mmHg) (n=159) 

Diastolic blood pressure (mmHg) (n=159) 

ANALYTICAL DATA: 

Fasting plasma glucose, nmol/L (mg/dl) (n=197) 

HbA1c (%) (n=55) 

LDL-c, nmol/L (mg/dl) (n=143) 

HDL-c, nmol/L (mg/dl) (n=143) 

Triglycerides, nmol/L (mg/dl) (n=193) 

DST, nmol/L(µg/dL) (n=197) 

Urinary free cortisol, nmol/24h (µg/24h) (n=197) 

ACTH, pmol/L (pg/ml) (n=197) 

DHEAS (ng/ml) (n=197) 

Late-night salivaly cortisol, nmol/L(µg/dl) (n=197) 

RADIOLOGICAL DATA: 

Tumor size (mm) (n=197) 

Bilaterality (n=197) 

Tumor rich in lipidic content (n=155) 

64.5±10.0 

57.4% (n=113) 

85.9% (n=152) 

22.3% (n=44) 

57.9% (n=114) 

49.0% (n=96) 

31.0% (n=61) 

1.0% (n=2) 

10.7% (n=21) 

30.3±6.3 

137.7±16.9 

79.7±9.6 

5.87±1.6 (105.7±28.9) 

6.2±0.9 

30.03±8.3 (115.5±31.8) 

13.96± 4.6 (53.7±17.7) 

1.17±0.6 (110.2±51.1) 

66.2±74.5 (2.4±2.7) 

1092.41±791.1 (39.6±28.7) 

3.59±2.6 (16.3±11.6) 

596.2 [IQR=150-2840] 

110.3±118.6 (4.0±4.3) 

22.2±10.5 

30.0% (n=59) 

85.2% (n=132) 
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Table S4. Differences between the patients with adrenal incidentalomas excluded or included 

in the study 

*Patients with overt Cushing syndrome, primary aldosteronism, adrenal carcinoma, pheochromocytoma 
and adrenal metastasis were not included in this group ACTH, adrenocorticotrophin; DHEA-S, 
dehydroepiandrosterone-sulphate; DST, dexamethasone suppression test; LNSC, late-night salivaly 
cortisol; UFC, urinary free cortisol. 

 

Reliability and accuracy of LNSC, UFC, ACTH and DHEAS for the diagnosis of ACS  

The degree of agreement (reliability) of LNSC, UFC, ACTH and DHEA-S for the diagnosis 

of ACS was low, independently of the DST threshold used for the definition of ACS, with kappa 

indexes below 0.3 for all tests. However, the specific negative agreement was high, around 80-

90%. Regarding their validity, the highest specificity was reached when ACS definition was based 

on the 138 nmol/L (5.0µg/dL) threshold. Nevertheless, all tests had poor sensitivity for the 

PARAMETER EXCLUDED (n=512)* INCLUDED (n=197) P value 

CLINICAL DATA: 

Age, years 

Female sex 

ACS-comorbidities 

Diabetes 

Hypertension 

Dyslipidaemia 

Obesity 

Cerebrovascular disease 

Cardiovascular disease 

Body mass index (kg/m2) 

 

ANALYTICAL DATA: 

Fasting glucose, nmol/L (mg/dl)  

HbA1c (%)  

LDL-c, nmol/L (mg/dl)  

HDL-c, nmol/L (mg/dl)  

Triglycerides, nmol/L (mg/dl)  

DST, nmol/L(µg/dL)  

UFC, nmol/24h   

ACTH, pmol/L (pg/ml) 

DHEA-S (ng/ml)  

LNSC, nmol/L(µg/dl)  

 

RADIOLOGICAL DATA: 

Tumour size (mm) 

Bilaterality  

Tumour rich in lipidic content  

 

63.0±11.0 

55.7% (n=227) 

89.6% (n=423) 

25.0% (n=128) 

52.0% (n=266) 

50.2% (n=257) 

31.6% (n=162) 

1.6% (n=8) 

12.8% (n=65) 

29.3±5.35 

 

 

5.99±1.8 (108.0±32.44) 

6.2±0.9 

30.7±9.3 (118.0±35.88) 

13.5±3.8 (52.0±14.58) 

1.28±0.7 (112.6±56.6) 

49.7±49.1 (1.8±1.78) 

1230.3±2107.6  

4.7±5.9 (21.3±27.0) 

651.0 [IQR=150-1750] 

107.6±124.1 (3.9±4.5) 

 

 

19.7±10.0 

27.2% (n=139) 

83.1% (n=355) 

 

64.5±10.1 

57.4% (n=113) 

85.9% (n=152) 

22.3% (n=44) 

57.9% (n=114) 

49.0% (n=96) 

31.0% (n=61) 

1.0% (n=2) 

10.7% (n=21) 

30.3±6.3 

 

 

5.87±1.6(105.7±28.9) 

6.2±0.9 

30.03±8.3(115.5±31.8) 

13.96± 4.6 (53.7±17.7) 

1.17±0.6 (110.2±51.1) 

66.2±74.5 (2.4±2.7) 

1092.41±791.1  

3.6±2.6 (16.3±11.6) 

596.2 [IQR=150-2840] 

110.3±118.6 (4.0±4.3) 

 

 

22.2±10.5 

30.0% (n=59) 

85.2% (n=132) 

 

0.099 

0.683 

0.948 

0.458 

0.157 

0.772 

0.862 

0.580 

0.442 

0.086 

 

 

0.387 

0.953 

0.461 

0.270 

0.612 

0.001 

0.507 

0.024 

0.572 

0.850 

 

 

0.016 

0.457 

0.559 
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diagnosis of ACS independently of the DST threshold employed for the diagnosis of ACS (Table 

16). ROC curves confirmed these findings, supporting that these tests should not be used in 

isolation for the diagnosis of ACS. The greatest diagnostic accuracy, although modest, was that 

of LNSC (Figure 15 and 16). Moreover, when the four tests were combined, the diagnostic 

accuracy for the diagnosis of ACS increased, reaching an AUC of 0.73 [0.65-0.80]. 

Figure 15. Diagnosis accuracy of LNSC, ACTH, DHEAS and UFC for the diagnosis of ACS 

(considering the 1.8 µg/dL threshold for the diagnosis of Autonomous cortisol secretion) 

Optimal cutoff point based on ROC curve 2.26µg/dL (Sensitivity: Se= 78.9% (95% CI:  68.5 to 86.6) and 

Specificity: Sp= 52.1% (95% CI:  43.2 to 60.8). ACTH: AUC 0.648, 95%CI= 0.577-0.715. Optimal cutoff point 

based on ROC curve: 11.08 pg/mL (Se= 66.9% (95% CI:  58.2 to 74.7) and Sp= 56.6% (95% CI:  45.4 to 67.1). 

DHEA-S: AUC 0.640, 95% CI=0.570-0.708. Optimal cutoff point based on ROC curve: 411µg/dL (Se= 64.5% 

(95% CI:  55.6 to 72.4) and Sp= 63.2% (95% CI:  51.9 to 73.1). 24h-urinary free cortisol (UFC): AUC 0.579, 

95%CI= 0.507-0.649. Optimal cutoff point based on ROC curve 32.6 µg/24h (Se= 61.8% (95% CI:  50.6 to 

71.9 and Sp= 55.4% (95% CI:  46.5 to 63.9) 
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Table 16. Reliability and validity of LNSC, UFC, ACTH and DHEAS for the diagnosis of ACS 

(considering three different thresholds in the DST for the ACS definition) 

 Kappa 

index 

Specific 

Po+ 

Specific 

Po- 

Sensitivity Specificity PPV NPV 

CONSIDERING THE GOLD STANDARD OF ACS A DST > 138 nmol/L (5.0µg/dL) 

 

UFC>1931 

nmol/24h 

0.157 24.4% 91.2% 26.3% 90.4% 22.7% 92.0% 

ACTH 

<2pmol/L 

0.039 18.4% 76.9% 42.1% 66.3% 11.8% 91.5% 

LNSC 

>157nmol/L 

0.283 36.7% 91.0% 47.4% 88.2% 30.0% 94.0% 

Low sex- 

and age- 

adjusted 

DHEA-S 

0.082 20.9% 83.8% 36.8% 77.0% 14.6% 91.9% 

CONSIDERING THE GOLD STANDARD OF ACS A DST > 83.0 nmol/L (3.0µg/dL) 

 

UFC >1931 

nmol/24h 

0.239 34.9% 87.6% 26.8% 92.9% 50.0% 82.9% 

ACTH 

<2pmol/L 

0.145 36.7% 75.8% 48.8% 69.2% 29.4% 83.7% 

LNSC 

>157nmol/L 

0.231 36.6% 86.1% 31.7% 89.1% 43.3% 83.2% 

Low 

adjusted 

DHEA-S 

0.116 31.5% 80.0% 34.1% 78.2% 29.2% 81.9% 

CONSIDERING THE GOLD STANDARD OF ACS A DST > 50.0 nmol/L (1.8µg/dL) 

 

 Kappa 

index 

Specific 

Po+ 

Specific 

Po- 

Sensitivity Specificity PPV NPV 

UFC >1931 

nmol/24h 

0.086 24.5% 75.0% 15.8% 91.7% 54.5% 63.4% 

ACTH 

<2pmol/L 

0.235 51.4% 72.0% 48.7% 74.4% 54.4% 69.8% 

LNSC 

>157nmol/L 

0.179 35.8% 76.4% 25.0% 90.9% 63.3% 65.9% 

Low 

adjusted 

DHEA-S 

0.103 37.1% 71.1% 30.3% 79.3% 47.9% 64.4% 

ACTH: adrenocorticotropic hormone; DHEA-S: dehydroepiandrosterone sulphate; DST: dexamethasone 
suppression test; LNSN: late-night salivaly cortisol; PPV= positive predictive value; NPV= negative 
predictive value; Specific Po+: specific positive agreement index, Specific Po-: specific negative agreement 
index; UFC: urinary free cortisol. 
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Figure 16. Diagnosis accuracy of LNSC, ACTH, DHEAS and UFC for the diagnosis of ACS 

(considering the 5 µg/dL threshold for the diagnosis of Autonomous cortisol secretion) 

Late-night salivaly cortisol: AUC = 0.696 (95% CI: 0.626 to 0.759). Optimal cut-off point based on ROC 

curve: 3.4 µg/dL (Se= 68.4% (95% CI:  46.0 to  84.6) and Sp= 70.8% (95% CI:  63.7 to  77.0). ACTH: AUC = 

0.555 (95% CI: 0.483 to 0.625). Optimal cut-off point based on ROC curve: 6.84 pg/mL (Se= 83.1% (95% 

CI:  77.0 to  87.9) and Sp= 42.1% (95% CI:  23.1 to  63.7). DHEAS: AUC = 0.569 (95% CI: 0.497 to 0.639). 

Optimal cut-off point based on ROC curve: 402 µg/dL (Se= 57.3% (95% CI:  50.0 to  64.3) and Sp= 63.2% 

(95% CI:  41.0 to  80.9). UFC: AUC 0.517 (95% CI: 0.445 to 0.588). Optimal cut-off point based on ROC 

curve: 39.1µg/24h (Se= 42.1% (95% CI:  23.1 to  63.7) and Sp= 61.2% (95% CI:  53.9 to  68.1) 

Association of the individual ACS diagnostic tests’ results with comorbidities potentially 

related to ACS 

Seventy-six (38.6%) patients showed a DST serum cortisol level > 50 nmol/L (1.8 µg/dl) 

at diagnosis. These patients had a risk of comorbidities potentially related to ACS two-fold higher 

than those with DST ≤50 nmol/L. The prevalence of dyslipidaemia and hypertension in patients 

with DST >50 nmol/L was 1.8 and 2.5 times higher than in patients with DST ≤50 nmol/L, 

respectively (Table 17). However, the diagnostic performance of the DST to predict the presence 

of one or more comorbidities potentially related to ACS either individually or collectively, was 

poor, because all areas under the ROC curve analyses were below 0.67) (Fig. 17). 
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UFC was above the >3862 nmol/24h in 2 (1.0%) patients whereas another 22 (11.2%) 

subjects showed normal-high (1931-3862 nmol/24h) UFC concentrations. The prevalence of 

hypertension was three times higher in patients with normal-high UFC than in patients with 

normal-low UFC (<1931 nmol/24h) (Tables 17). LNSC was above the reference range in 30 

(15.2%) patients, who had higher prevalences of hypertension and lower HDL-c levels when 

compared with patients showing LNSC levels within the reference range (Tables 17). Basal ACTH 

levels were <2 pmol/L in 68 (34.5%) patients and DHEAS levels were below the age and sex-

adjusted reference ranges in 48 (24.4%) patients. No differences were found in the prevalence 

of ACS-related comorbidities according to ACTH or DHEAS levels. The AUCs for the diagnosis of 

ACS-related comorbidities were poor for UFC, LNSC, ACTH and DHEAS levels; and do not even 

reaching that of the DST ROC curve (Fig. 17).  Even, when the five tests (including the DST) were 

used in combination for the prediction of comorbidities potentially related to ACS, the AUC was 

modest with an AUC of 0.70 [0.58-0.82]. 

When we evaluated the combined use of the tests for the diagnosis of comorbidities 

potentially related to ACS, the best association was that of the combination of a DST >50 nmol/L 

and a LNSC >149 nmol/L, which was present in 19 patients in our cohort. These patients had 

increased risks of hypertension (OR=7.1, 95%CI=1.6–31.6) and cardiovascular events (OR=3.6, 

95%CI=1.2–11.3) (Table 18). 
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Figure 17. ROC curve of the different tests for the diagnosis of any comorbidities potentially 

related to ACS 

ACS: autonomous cortisol secretion; DST: dexamethasone suppression test; LNSC: late night salivary 

cortisol; UFC: urinary free cortisol 

Discussion 

Our study confirms that, when used as single tests, plasma ACTH, LNSC, UFC and DHEA-

S had poor sensitivity for the diagnosis of ACS. The combination of the four tests, however, 

improved diagnostic accuracy for ACS reaching an AUC in the ROC curve of 0.73. On the other 

hand, the diagnosis accuracy of DST for the prediction of comorbidities potentially related to 



103 

ACS is low, albeit other tests routinely used for the study of AIs showed even worse 

performances. The association of a positive DST test with hypertension and cardiovascular 

events seems to increase when combined with increased LNSC levels, with the addition of ACTH, 

DHEA-S or UFC not improving the strength of such an association. 

Several studies found that patients with AIs and elevated post-DST cortisol 

concentrations had worse cardiometabolic profiles and increased mortality compared with 

patients reaching adequate cortisol suppression after this test [54,71,72,205]. It is currently 

debated which DST threshold should be used for the diagnosis of ACS. Several studies suggested 

that 50 nmol/L is the most sensitive threshold to identify patients with AIs and increased 

cardiometabolic risk [71,72,104,198,205].  In this line, Morelli et al. [198] demonstrated that in 

patients with AI, post-DST cortisol levels increased according to the number of chronic 

complications. In another study [104], using artificial neural networks, she found that the 

optimal cut-off of post-DST cortisol levels for detecting patients with increased cardiovascular 

events was 50 nmol/L (accuracy 67.3%, AUC, 0.673). Furthermore, in another study [200] an 

increased risk of cardiovascular events was observed with post-DST cortisol values above 41 

nmol/L (1.5 µg/dL). Our study found that, although there were some associations between DST 

results and cardiometabolic comorbidities, the DST had a poor diagnostic performance for the 

presence of these comorbidities. This finding is in agreement with earlier studies [104,198,200], 

supporting that post-DST cortisol is neither accurate enough to predict the occurrence of post-

surgical hypocortisolism nor the improvement of surgical complications in patients with AIs. 

The poor performance of the DST and other tests of adrenal function on the prediction 

of comorbidities potentially related to ACS might be explained by the multifactorial origin of 

these prevalent cardiometabolic disorders. Hence, ACS as a single factor, is unlikely to fully 

predict them especially when some factors known to increase the cardiometabolic risk such as 

older age [208] and subclinical co-secretion of other hormones like aldosterone [209] are also 

associated with the presence of AIs. Other factors such as obesity, which can promote 

hyperinsulinism and thus the development of AIs, could be indirectly associated with cortisol 

production as well [210]. However, until better and or reliable markers of ACS become available, 

the DST using the serum cortisol level >1.8 µg/dL threshold seems the most sensitive single test 

to identify ACS patients at risk of cardiometabolic comorbidities. Moreover, in the presence of 

an elevated post-DST cortisol concentration, an elevated LNSC identifies patients at even higher 

cardiometabolic risk. 
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The performance of UFC, DHEA-S, ACTH and LNSC levels for the diagnosis of ACS was 

poor and, for the identification of comorbidities potentially related to ACS, were even poorer 

than that of DST in our study. This finding supports the recommendation of most professional 

societies to use the DST for the evaluation of ACS in AIs [20,23,24]. At present, UFC is not 

recommended for the diagnosis of ACS, given that less than 20% of patients with ACS present 

elevated UFC levels [22,25]. The role of DHEA-S in the diagnosis of ACS is currently controversial 

[89,91,92,211,212]. In our study, DHEA-S as a single test or in combination with DST did not 

achieve better diagnostic performances for comorbidities potentially related to ACS than using 

the DST alone. Previous studies found basal ACTH levels >2 pmol/L in up to 50% of patients with 

ACS and <2 pmol/L in as many as 20% of patients with normal cortisol metabolism, also 

suggesting a poor diagnostic performance for ACS [213]. We found basal ACTH levels to have a 

weak association with the results of the DST, but no association with cardiometabolic 

comorbidities. LNSC – an easy, stress-free, and cost-effective alternative to late night serum 

cortisol – also showed limited utility for the diagnosis of ACS as suggested by previous studies 

[214]. Of the tests of adrenal function studied here, LNSC levels showed the greater reliability 

for the diagnosis of ACS as defined by the DST test, and patients with elevated LNSC and post-

DST cortisol levels were those with the worst cardiometabolic profiles. Moreover, we found that 

the combination of basal plasma ACTH, UFC, LNSC and DHEA-S significantly increased the 

diagnostic accuracy for the diagnosis of ACS compared with their use as single tests, reaching an 

AUC of 0.73 in the ROC curve. This is in line with the recommendation of most guidelines and 

experts in this field of using the combination of several hormonal parameters to evaluate the 

presence of ACS [2, 4-10]. 

Our present study, however, is not free of limitations, starting by its retrospective 

design. Because we only included patients in whom all the diagnostic tests had been obtained, 

and such a decision was made on a clinical basis by their physicians, possibility exists of a 

selection bias towards the inclusion of a subset of more complicated patients as higher tumour 

size, higher DST and lower ACTH levels were found in the inclusion population compared to the 

excluded patients. However, we included all consecutive patients fulfilling the inclusion criteria 

during the study period within a single institution, thus allowing for comparable laboratory 

results. We did not evaluate osteoporosis, which is a recognized comorbidity related to ACS, due 

to inconsistent evaluation in the medical records. Therefore, the association of the results of the 

different evaluated tests with osteoporosis could not be evaluated. The metabolism of 

dexamethasone varies widely among patients [79]. Although we excluded patients with known 

factors associated with false positive results in the DST such as treatment with oral hormone 
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contraceptives or other drugs known to alter dexamethasone metabolism, alcoholism, and 

psychiatric illness, some of these conditions might have not been registered in the medical 

records, and dexamethasone levels were not routinely evaluated during the DST [78]. 

Furthermore, other factors could also lead to false positive results in the DST [33]. Added to this 

is the known variability between techniques and assay kits for cortisol assays [215] and intra-

assay variability in measurements which increases in the range of low cortisol levels. 

Furthermore, in our institution UFC and LNSC are measured by immunochemiluminescence, 

which are substandard compared with the liquid chromatography/tandem mass assays 

recommended nowadays [138]. This limitation is supported by the results of a recent study [154] 

that demonstrated that with the use of liquid chromatography/tandem mass assays, low DHEA-

S levels were associated with diabetes, an association that was lost when DHEA-S was measured 

by immunochemiluminescence. Future studies are needed to identify more reliable and 

accurate markers of cortisol autonomy. In this regard, urine metabolomics [138] and functional 

imaging studies such as adrenal iodomethyl-norcholesterol scintigraphy hold promise. 

Conclusion 
LNSC is the one test with the highest diagnosis accuracy for ACS identification when a 

positive DST is used as the gold standard for ACS diagnosis. Comorbidities potentially related to 

ACS cannot be predicted by any single test of adrenal function possibly translating their 

multifactorial nature. In fact, the association of the tests evaluated here with comorbidities 

potentially related to ACS was poor. As a single test, DST, had the strongest association with 

comorbidities potentially related to ACS. Patients with elevated DST results and elevated LNSC 

levels had the highest cardiometabolic risk in our cohort. 
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SECCIÓN II. ESTEROIDES URINARIOS EN LA EVALUACIÓN DE 

INCIDENTALOMAS ADRENALES 
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CAPÍTULO 4: Characterization of the urinary steroid profile of 

patients with non-functioning adrenal incidentalomas. A 

matched controlled cross-sectional study. 

Marta Araujo-Castro, Gregori Casals, Felicia A Hanzu, Eider Pascual-Corrales, Ana M. García 

Cano, Val F. Lanza, Ángel Luis del Rey Mejías, Marta Marchan, Héctor F. Escobar-Morreale, 

Pablo Valderrabano. Characterization of the urinary steroid profile of patients with non-

functioning adrenal incidentalomas. A matched controlled cross-sectional study. Clinical 

Endocrinology. 2022 (Ver ANEXO IV) 
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Abstract: 

Aim:  To identify alterations in steroid metabolism in patients with non-functioning adrenal 

incidentalomas (NFAIs) through the analysis of their urinary steroid profile (USP). 

Methods: Cross-sectional study with one study group [NFAIs, cortisol post dexamethasone 

suppression test (DST) ≤1.8 µg/dL (49.7nmol/L)] and 2 control groups: patients with autonomous 

cortisol secretion (ACS group, cortisol post-DST >1.8 µg/dL (49.7nmol/L) and patients without 

adrenal tumors (healthy-adrenal group). 24h urine collections for USP measurement (total and 

free fraction of 51 24h-urine specimens) were obtained from 73 participants (24 with NFAIs, 24 

without AIs, and 25 with ACS). USP was determined by gas chromatography coupled to mass 

spectrometry. Patients of the three groups were matched according to sex, age (±5 years-old) 

and body mass index (±5 kg/m2). 

Results: Compared to healthy-adrenal controls, patients with NFAIs had a lower excretion of 

androgen precursors (230.5±190.12 vs 388.7±328.58 µg/24h, P=0.046) and a higher excretion 

of urinary free cortisol (UFC) (54.3±66.07 vs 25.4±11.16 µg/24h, P=0.038). Patients with ACS had 

a higher prevalence of hypertension, dyslipidemia, and diabetes than patients with NFAIs or the 

control group. A lower excretion of androgen precursors (218.4±   204.24 vs 231±190 µg/24h, 

P=0.041) and a non-significant higher excretion of glucocorticoid precursors (2129.6±1195.96 vs 

1550.8±810.03 µg/24h, P=0.180) was found in patients with ACS compared to patients with 

NFAIs. 

Conclusion: NFAIs seem to secrete a subtle, yet clinically relevant, excess of glucocorticoids. 

Future studies are needed to confirm our findings; and to identify metabolic alterations 

associated with an increased cardiometabolic risk. 
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Introduction 
 

Adrenal incidentalomas (AIs) are present in almost 10% of the general population; and are 

one of the most frequent consultations in the Endocrine outpatient clinics [15]. At presentation, 

the treating physician must rule out its malignant nature and its functionality [23,25]. Diagnostic 

imaging tests offer high sensitivity and specificity for the diagnosis of malignant lesions [216]. 

However, ruling out functionality is often challenging, particularly when there is mild 

hypersecretion. The most common hormone excess in AIs, and one of the most challenging 

diagnoses to establish, is the mild hypersecretion of cortisol, also known as autonomous cortisol 

secretion (ACS). ACS  may be found in up to 50% of AIs [58], and it is associated with increased 

morbidity and mortality [103]. 

When hormone excess has been appropriately ruled out with routine laboratory tests, AIs 

are considered to be “non-functioning”. However, higher cardio-metabolic and mortality risks 

have been observed in patients with “non-functioning” adrenal incidentalomas (NFAIs) 

compared to the general population [44,53,54,131]; and 5% to 10% of NFAIs end up developing 

ACS during follow-up. 

These findings suggest that NFAIs harbor incipient alterations in steroid synthesis, secretion 

and/or metabolism that may go unrecognized until the alterations become severe enough as to 

impair the results of currently available diagnostic tests [135,137,138]. Several studies suggest 

that urinary steroid metabolomic profiles could be used for the early identification of these 

unrecognized, yet relevant, functional alterations [145–148]. The measurement of steroid 

metabolites in 24-hour urine samples has several advantages over their measurement in other 

fluids. Urine collection is non-invasive, thereby avoiding any stress-related acute secretion of 

steroid hormones; the 24-hour collection avoids the influence of the circadian rhythm on 

adrenal steroids secretion; and the concentration of free steroids is higher in urine than in other 

fluids obtainable through non-invasive methods such as saliva. Moreover, its measurement is 

not affected by changes in transport proteins. 

We hypothesized that NFAIs have alterations in the adrenal steroidogenesis that currently 

go unrecognized. The aim of our pilot study was to identify alterations in steroid metabolism in 

patients with NFAIs through the analysis of their urinary steroid profile. 

 

Material and methods 
 

Ethics Statement 
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The study was approved by the Hospital Universitario Ramón y Cajal’s Ethics Committee 

(date of approval on November 12th, 2019, ACTA 374). All participants signed written informed 

consent. 

Patients 

This was a cross sectional study consisting of 3 groups of subjects: patients with NFAIs, 

patients without AIs (healthy-adrenal group), and patients with AIs and ACS. We enrolled 25 

adult patients in each group evaluated at the Endocrine outpatient clinic between November 

2019 and January 2020. Patients of the three groups were matched according to age (±5 years-

old), sex (±10% in frequency in each group) and body mass index (BMI) (±5 kg/m2). 

For the “healthy-adrenal” group, we selected patients with either benign thyroid disorders 

or weight control issues before diet intervention. All had an abdominal cross sectional imaging 

study (either CT or MRI) demonstrating a normal (not nodular or hyperplastic) adrenal gland 

structure. For the other two groups, we included patients evaluated for unilateral and/or 

bilateral AIs of at least 10 mm, who had a serum cortisol post-1mg-dexamethasone suppression 

test (DST) ≤1.8 µg/dL (49.7nmol/L) or >1.8 µg/dL without specific signs or symptoms of overt 

Cushing´s syndrome, respectively. 

We excluded patients with: i) known diagnosis of hereditary syndromes associated with 

adrenal pathology; ii) chronic treatment with glucocorticoids or drugs that might affect 

dexamethasone metabolism; iii) treatment with oral hormonal contraceptives (treatment 

should have been suspended for at least 6 weeks before the study tests); iv) impossibility to 

collect 24-hour urine specimens and/or creatinine clearance <45 ml/min/1.73m2 (estimated by 

the MDRD-4 formula); and v) active malignant disease or overt hormonal hyper or hyposecretory 

states. For the cohorts of patients with NFAIs and ACS we also excluded patients with: vi) AIs 

identified during the extension study of an extra-adrenal primary cancer [22]; vii) patients with 

Cushing´s syndrome; primary aldosteronism; hyperandrogenism; pheochromocytoma; or 

congenital adrenal hyperplasia, viii) adrenocortical carcinoma; ix) adrenal metastasis from extra-

adrenal tumors; and x) radiological features suspicious for malignancy (necrosis, irregular 

margins or tumors larger than 6 cm without characteristics of typical adenoma or myelolipoma); 

and xi) adrenal incidentalomas not meeting the ACS or NFAI criteria [22]  

Clinical and radiological evaluation 

At enrolment, we registered demographic information (age and sex); presence/absence of 

comorbidities possibly related to ACS such as hypertension, type 2 diabetes, obesity, 
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dyslipidemia, osteoporosis, cerebrovascular and cardiovascular disease; and, when applicable, 

medical treatment for such comorbidities. 

Physical examination included BMI, systolic and diastolic blood pressure and a complete 

evaluation of body mass composition by bioimpedanciometry (percentage and kilograms of fat 

mass, lean mass, total body water, basal metabolism, visceral fat level and bone mass, in %). 

Obesity was defined by a BMI equal to or greater than 30 kg/m2. Hypertension was defined as 

systolic blood pressure ≥140 mmHg; and/or diastolic blood pressure ≥90 mmHg; and/or being 

under blood pressure lowering medications. Diagnosis of type 2 diabetes and dyslipidemia 

followed current standards [183,184]. Cardiovascular disease was defined as ischemic heart 

disease or heart failure, and cerebrovascular disease as transient ischemic attack or acute 

stroke. 

Imaging used abdominal CT in 43 patients, MRI in 5 patients, and both examinations in 26 

subjects. Information about tumor size (largest diameter), uni- or bilaterality of adrenal lesions, 

presence of necrosis, calcification and atypical characteristics, lipid content and radiodensity 

measured in Hounsfield units were recorded. 

 

Biochemical and hormonal evaluation 

A routine biochemical profile after an 8h overnight fasting was performed at diagnosis 

in all patients. Biochemical profiles included fasting plasma glucose, total cholesterol, LDL-c, 

HDL-c, triglycerides and HbA1c.  

The routine hormonal examination of patients with AIs was based on the determination 

of 24h-urinary free cortisol (UFC), serum cortisol post-DST levels, DHEA-S, urinary free 

catecholamines and metanephrines in 24-h urine samples, plasma ACTH concentrations, late 

night-salivaly cortisol at 11pm and serum aldosterone and renin concentrations. Patients in the 

“healthy-adrenal” cohort were evaluated with DST only. Serum and urine cortisol were 

measured by immunochemiluminescence assays in an Architect i2000 Abbott Diagnostics 

platform, with an intra-assay coefficient of variation (CV) <10%; the reference range was 102-

535 nmol/L (3,7 – 19,4 µg/dl) for serum cortisol and less than 3862 nmol/24h (140 µg/24h) for 

24-hour urine cortisol. ACTH was measured by immunochemiluminescence assays (Immulite 

2000 Siemens before 2019 and Liaison XL Diasorin thereafter), with an intra-assay CVs <10%. 

The reference range for ACTH was 2.0-10.1 pmol/L (9-46 pg/ml) for the Immulite assay and 1.0-

10.7 pmol/L (4.7-48.8) pg/ml for the Liaison XL assay. DHEAS was measured by 

chemiluminiscence assay in Immulite 2000 Siemens system before March 2020, and then by 

Advia Centaur XP Siemens; with intra-assay CV <15%. Reference ranges for DHEAS were age- 
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and sex- specific. Women: 18-24 years 150-3402 ng/ml; 25-34 years 150-2982 ng/ml; 35-49 

years 150-2582 ng/ml; 50-59 years 260-2000 ng/ml; 60-69 years 130-1300 ng/ml; and 70-79 

years 170-900 ng/ml. Men: 20-29 years 2800-6400 ng/ml; 30-39 years 1200-5200 ng/ml; 40-49 

years 950-5300 ng/ml; 50-59 years 700-3100 ng/ml; 60-69 years 420-2900 ng/ml; and 70-79 

years 280-1750 ng/ml. Late night-salivaly cortisol was measured by 

electroimmunochemiluminescence in a Cobas 6000 Roche autoanalyzer, with an intra-assay CV 

<10% and was considered pathological at 5.74 µg/dL (158.34 nmol/L) or higher. 

 

Urinary steroid profile  

 

The urinary steroid profile was analyzed both in the total fraction and in the free 

(unconjugated) fraction of 24 h urine specimens. The procedures applied are based on the 

methodology described by Shackleton et al. [217,218]. The reference standards and the internal 

standards were obtained from Sigma (Steinheim, Germany), Steraloids Inc (Newport, USA) and 

NMI (Pymbke, Australia) as detailed in Supplementary Table 5. Steroids were initially extracted 

from 8 mL aliquots of urine using Sep-Pak C18 cartridges (Waters, Milford, MA, USA), and split 

into two aliquots for the individual analyses of total and free fractions, respectively. Total 

fraction was hydrolyzed with sulfatase (Sigma, Steinheim, Germany) and β-glucoronidase/aryl 

sulfatase (Roche Diagnostics, Penzberg, Germany) overnight, and re-extracted with Sep-Pak C18 

cartridges. The extracts of both total and free fractions were derivatized with methoxyamine 

hydrochloride and trimethylsilylimidazole as previously described [219,220]. Gas 

chromatography - mass spectrometry (GC-MS) analyses were performed on a Shimadzu GCMS-

QP2010 Ultra instrument (Kyoto, Japan). The chromatographic column was a Sapiens-5MS+ 

capillary column (30 m × 0.25 mm internal diameter × 0.25 μm film thickness) from Teknokroma 

(Barcelona, Spain). The oven temperature was started at 50°C and maintained at this 

temperature for 3 min. Then it was elevated 80°C per minute until 240°C was reached, followed 

by an increase of 2°C per minute until 290°C were reached and then maintained for 4 min. The 

ion source and transfer line temperatures were set at 270°C and 280°C, respectively. Extracts 

were injected splitless into the chromatographic system and three pre- and post-injection 

washes (with cyclohexane) were performed between injections. Following an 8 min solvent 

delay, the mass detector was operated in synchronous selected ion monitoring (SIM) mode. The 

lower limit of quantification of the method was <5 µg/L for all the analytes. The upper limit of 

quantification was 10,000 µg/L for all the analytes except for cortisol, cortisone, 6β-cortisol, 18-

OH-cortisol, preganetriolone and tetrahydroaldosterone (upper limit of quantification of 1,000 

µg/L). Interassay variability (n=7) was assessed during the study using a commercial steroid 
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standard urine (Dutch Foundation for Quality Assessment in Medical Laboratories [SKML], 

Product code SSU-01, Lot Number 2017.056). Coefficients of variation ranged between 6 and 

21%.  The normal reference ranges for total steroids are described in Supplementary Table 6. 

The normal range for GC-MS analysis for urinary free cortisol was 13 – 64 µg/24h and for free 

cortisone was 9-80 µg/24h. 

 

Table S5. Normal ranges of urinary total steroids expressed in µg/24h 

Total urinary metabolite Reference Interval 

Androgens  

Androsterone 173-4645 

Etiocholanolone 216-3242 

Precursors of androgens   

Dehydroepiandrosterone (DHEA) 10-983 

16α-OH-Dehydroepiandrosterone (16αOH-DHEA) 6-510 

5-Pregnenediol (5PD) 5-565 

5-Pregnentriol (5PT) 42-930 

Mineralocorticoids and precursors  

Tetrahydro-11-dehydrocorticosterone (THA) 20-282 

5α-Tetrahydro-11-dehydrocorticosterone (5α-THA) 12-140 

Tetrahydrocorticosterone (THB) 18-333 

5α-Tetrahydrocorticosterone (5α-THB) 68-553 

Tetrahydroaldosterone (THAldo) 13-81 

Tetrahydrodesoxicorticosterone (THDOC) 9-197 

5α-Tetrahydrodesoxicorticosterone( 5α-THDOC) 7-170 

Precursors of glucocorticoids  

Pregnanediol (PD) 60-1650 

17-OH-Pregnanolone (17HP) 15-847 

Pregnanetriol (PT) 89-1850 

Pregnanetriolone (PTONE) <110 

Tetrahydro-11-desoxicortisol (THS) 99-870 

Glucocorticoids  

Cortisol 14-218 

6β-OH-Cortisol 8-144 

Tetrahydrocortisol (THF) 451-3154 

5α-Tetrahydrocortisol (5α-THF) 165-3719 

α-Cortol 78-1867 

β-Cortol 199-1297 

11β-OH-Androsterone 105-1565 

11β-OH-Etiocholanolone 39-481 

Cortisone 54-227 

Tetrahydrocortisone (THE) 869-5090 

α-Cortolone 223-1687 

β-Cortolone 199-1410 

11-oxo-Etiocolanolone 59-517 
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Table S6. Standards and internal standards used for the analysis and commercial source. Sigma: 

Sigma Aldrich; Steraloids ; NMI: National Measurement Institute (Sydney, Australia). 

Steroid Pathway Standard Commercial Source 

Glucocorticoids Cortisol Sigma 

6β-OH-cortisol Sigma 

18OH-cortisol Steraloids 

20α-DHF Steraloids 

20β-DHF Steraloids 

THF Steraloids 

5α-THF Steraloids 

α-cortol Steraloids 

β-cortol Steraloids 

11β-OH-Androsterone Steraloids 

11β-Etiocholanolona Steraloids 

Cortisone Sigma 

THE Steraloids 

α-Cortolona Steraloids 

β-Cortolona Steraloids 

11-oxo-etiocholanolone Steraloids 

PD Steraloids 

17HP Steraloids 

PT Steraloids 

PTONE Steraloids 

THS Steraloids 

Mineralocorticoids THA Steraloids 

5α-THA Steraloids 

THB Steraloids 

5α-THB Steraloids 

THAIdo Sigma 

THDOC Steraloids 

5α-THDOC Steraloids 

Androgens and 
precursors 

Androsterone Steraloids 

Etiocholanolone Steraloids 

DHEA Steraloids 

16α-OH-DHEA Steraloids 

5PD Steraloids 

5PT Steraloids 

Internal Standards 5α-androstan-3β-ol Steraloids 

Stigmasterol Sigma 

Cholesteryl butyrate Sigma 

Cortisol-d4 Sigma 

Cortisone-d8 Sigma 

3β5β-THAldo Steraloids 

Etiocholonalone-d5 NMI 

Androsterone-d4 glucoronide NMI 
DHF: dihydrocortisol; THF: Tetrahydrocortisol; THE: Tetrahydrocortisone; PD: Pregnanediol; 17HP: 17-OH-
Pregnenolone; PT: Pregnanetriol; PTONE: Pregnanetriolone; THS: Tetrahydro-11-deoxycortisol; THA: Tetrahydro-11-
dehydrocorticosterone; 5α-THA: 5α-Tetrahydro-11-dehydrocorticosterone; THB: Tetrahydrocorticosterone; 5α-THB: 
5α-Tetrahydrocorticosterone; THAldo: Tetrahydroaldosterone; THDOC: Tetrahydrodeoxycorticosterone; 5α-THDOC: 

5α-Tetrahydrodeoxycorticosterone; DHEA: Dehydroepiandrosterone; 5PD: 5-Pregnenediol; 5PT: 5-Pregnenetriol. 
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Data management and statistical analysis 

Study data were collected and managed using REDCap electronic data capture tools hosted 

at Instituto Ramón y Cajal de Investigación Sanitaria (IRYCIS) [221,222]. REDCap (Research 

Electronic Data Capture) is a secure, web-based software platform designed to support data 

capture for research studies, providing 1) an intuitive interface for validated data capture; 2) 

audit trails for tracking data manipulation and export procedures; 3) automated export 

procedures for seamless data downloads to common statistical packages; and 4) procedures for 

data integration and interoperability with external sources.  

Statistical analysis was performed with STATA 15.0. Normal assumption was evaluated with the 

Shapiro-Wilk test. As no normality was fulfilled, for the comparison of medians between 3 

groups we used the non-parametric test of Kruskal-Wallis. For the estimation of differences 

between medians between two groups, we used contrast tests using the Holm correction. 

Qualitative differences were analysed with the χ2 test. Lineal correlation between DST and USP 

was determined by Pearson’s correlation coefficient (r). Statistical significance was considered 

if a two-tailed p <0.05 was met. Moreover, heatmap visualization was used to associate the 

clinical characteristics and the steroid metabolomes of the patients included in this study. 

Heatmaps were performed using the Pheatmap v1.0.12 R package with Euclidean distance and 

UPGMA parameters. Heatmaps representation was performed with the z-score of each variable 

in each patient. 

 

Results 
 

Patients 

Of the 75 patients initially enrolled in the study, 1 patient in the NFAI group was excluded 

after being diagnosed with non-classical congenital adrenal hyperplasia during follow-up, and 1 

patient in the healthy-adrenal group was excluded because glomerular filtration rate (GFR) was 

<45ml/min/1.73m2 (Figure 18). There were two patients in the healthy-adrenal group with DST 

values >1.8µg/dL (49.7nmol/L) (2.9µg/dl (80nmol/L) and 1.9µg/dL (52.4nmol/L)), but further 

studies discarded Cushing’s syndrome (UFC and late-night salivaly cortisol). We found that 

patients with ACS had a higher prevalence of hypertension (P=0.002), dyslipidemia (P=0.004), 

and diabetes (P=0.001) than patients with NFAIs or the control group (Table 1). Moreover, 

patients with ACS were under more antihypertensive drugs than patients of the control group 

(P=0.011). Also, patients with NFAI tended to use more antihypertensive drugs than patients of 

the control group (P=0.078). Patients with ACS had higher levels of late-night salivaly cortisol 

(4.5±3.83 vs 1.9±0.53 µg/dL, P=0.003) and lower ACTH (13.7±6.11 vs 9.8±4.87 pg/mL, P=0.026) 
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than patients with NFAIs. No differences in 24h-UFC (P=0.991) or DHEAS (P=0.112) levels were 

found. Tumor size was significantly higher in patients with ACS than NFAIs (26.2±10.07 vs 

17.9±6.99 mm, P=0.002). Baseline characteristics of the 3 groups are described in Table 19.

Table 19. Comparison of baseline clinical and biochemical characteristics of the study cohorts. 

Abbreviations: BMI= body mass index; DST= dexamethasone suppression test; FPG= fasting plasma 
glucose; GFR= glomerular filtration rate.  
Quantitative differences were analyzed by Kruskal-Wallis; qualitative variables using the χ2 test. 
Quantitative variables are expressed in mean±standard deviation and qualitative variables as percentages 
and absolute numbers 

VARIABLE HEALTHY-

ADRENAL 

GROUP (n=24) 

NFAI GROUP 

(n=24) 

ACS GROUP 

(n=25) 

P value 

Age, years 65.5±9.63 67.4±9.68 70.2±7.83 0.201 

Female sex 75% (n=18) 71% (n=17) 64% (n=16) 0.698 

Diabetes 20.8% (n=5) 4.22% (n=1) 44% (n=11) 0.003† 

Hypertension 54.2% (n=13) 41.7% (n=10) 84.0% (n=21) 0.006† 

Number of 

antihypertensive 

drugs 

1.5±0.52 2.1±0.74 2.6±0.93 0.008† 

Dyslipidemia 58.3% (n=14) 50.0% (n=12) 88% (n=22) 0.275 

Obesity 37.5% (n=9) 25.0% (n=6) 48.0% (n=12) 0.350 

Osteoporosis (n=47) 16.7% (n=3) 7.1% (n=1) 26.7% (n=4) 0.376 

Cerebrovascular 

disease 

0% 4.2% (n=1) 8% (n=2) 0.370 

Cardiovascular 

disease 

29.2% (n=7) 25.0% (n=6) 20.0% (n=5) 0.747 

BMI (kg/m2) 28.9±7.89 28.9±4.37 29.6±5.13 0.703 

Systolic blood 

pressure (mmHg) 

141.3±16.91 139.0±16.29 142.8±19.46 0.947 

Diastolic blood 

pressure (mmHg) 

83.1±8.87 83.2±9.18 81.7±13.27 0.835 

FPG (mg/dl) 101.7±22.30 109.3±60.05 104.8±22.74 0.768 

GFR 

(ml/min/1.73m2) 

79.5±11.06 79.0±15.36 79.6±11.52 0.968 

HbA1c (%) 6.1±0.80 5.8±0.49 6.0±0.81 0.305 

LDL-c (mg/dl) 106.3±46.83 106.5±28.57 95.9±37.50 0.688 

HDL-c (mg/dl) 54.2±21.14 54.2±10.60 61.4±18.51 0.235 

Triglycerides 

(mg/dl) 

118.5±47.45 99.8±39.88 120.9±83.11 0.343 

DST (µg/dL) 1.2±0.41 1.3±0.40 4.4±2.56 <0.0001† 
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Figure 18. Study cohort 

 

Abbreviations: ACS= autonomous cortisol secretion; BMI= body mass index; CAH= congenital adrenal 
hyperplasia; DST= dexamethasone suppression test; GFR= glomerular filtration rate; NFAI= non-

functioning adrenal incidentalomas. 
 

Differences in the urinary steroid profile between NFAI and healthy-adrenal groups 

We found significant differences in the levels of total urinary cortisol, free 6ᵦ-OH-

cortisol, free THF, free ᵦ-Cortol, free THE, total and free THS, 16 alfa-OH-DHEA and total and free 

5PT among the three groups (Table 20). 

Patients with NFAI had a lower overall excretion of androgen precursors than patients 

in the healthy-adrenal group (231±190 vs 388.7±   328.58 µg/24h, P=0.046). When androgens 

and their precursors were analyzed individually, the excretion of 16 alfa-OH-DHEA (P=0.002), 

total 5-PT (P=0.031), and free 5-PT (P=0.006) were significantly lower among NFAI patients. 

Overall, there were no differences in the excretion of total glucocorticoids or their precursors 

between the groups. However, when analyzed individually, free THF (P=0.001), free 5 alfa-THF 

(P<0.001), free THE (P=0.002) and free 17HP (P=0.035) were lower among NFAI patients. 

Moreover, 24h-UFC levels were significantly higher in NFAI patients than in healthy-adrenal 

patients (P=0.038); and it was above the reference range in 20.8% of patients in the NFAI, 

compared to 0% in the healthy-adrenal group (P=0.018) (Table 20, Figure 19). 

Patients with hypertension in either the NFAI or the healthy-adrenal groups, had lower 

levels of androgen precursors (229.6±156.74 vs 383.2±341.07 µg/dL, P=0.054) and higher levels 

of UFC (54.4± 64.50 vs 24.0±10.39 µg/dL, P=0.031) than patients without hypertension. 

However, no differences were found in the cortisol post-DST levels of patients with and without 

comorbidities (P>0.05) 

 

Differences in the urinary steroid profile between NFAI and ACS-AI group  

Overall, the USP was similar between both groups. However, patients with ACS had 

higher levels of free THS (P=0.013), free THF(P=0.001), free 5 alfa-THF (P=0.010), free α-cortol 
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(P=0.049), free ᵦ-cortol (P=0.012), free THA (P=0.004) and free α-cortolona (P=0.035). Overall, 

the output of excreted precursors of glucocorticoids tended to be higher among patients with 

ACS, although differences did not reach significance (2129.6 ±1195.96 vs 1550.8±810.03 µg/24h, 

P=0.054). Heatmaps visualization comparing urine steroid metabolomes also revealed that 

patients with NFAI and ACS cluster with decreased androgen precursor excretion compared to 

healthy-adrenal controls (Table 20, Figure 19). 

Table 20. Urinary steroid profile in the study cohorts 

Steroid Healthy-adrenal NFAI ACS-AI P value 

GLUCOCORTICOIDS 

Urinary cortisol 118.7±37.28 139.2±106.13 149.3±106.13 0.196 

UFC 25.4±11.16 54.3±66.07 32.0±17.03 0.045† 

6ᵦ-OH-cortisol 56.0±32.48 71.2±34.09 55.4±32.48 0.132 

Free 6ᵦ-OH-cortisol 64.7±33.46 44.6±25.82 45.7±28.31 0.036† 

18OH-cortisol 202.6±133.42 190.8±157.29 202.8±127.49 0.651 

20α-DHF 3301.2±1685.66 2842.5±2851.35 3242±2275.60 0.204 

20ᵦ-DHF 622.9±318.74 594.6±437.65 748.7±456.81 0.236 

THF 2076.4±1086.35 2158.899.75 2567.9±1316.90 0.244 

Free THF 135.8±66.5 75.1±49.99 153.2±90.71 0.0002† 

5α-THF 1559.4±1110.14 1329.8±879.89 1310.3±754.48 0.923 

α-cortol 1711.0±1632.71 1345.9±712.41 1753.1± 016.68 0.420 

Free α-cortol 188.8±202.29 141.3±91.73 205.3±126.16 0.067 

ᵦ-Cortol 751.5±425.24 723.9±275.05 919.4±472.68 0.304 

Free ᵦ-Cortol 63.5±37.19 58.9±48.86 97.4±54.47 0.003† 

11ᵦ-OH-

Androsterone 

587.0±270.21 559.7±368.06 751.5±478.47 0.302 

11ᵦ-Etiocolanolona 204.0±195.50 195.2±136.78 280.4±189.14 0.109 

Cortisone 131.2±59.10 149.5±97.43 163.9±75.81 0.188 

Free cortisone 67.6±29.06 91.0±61.81 91.7±50.00 0.145 

THE 4247.1±2297.78 4115.1±1622.44 4183 ±1494.14 0.903 

Free THE 378.6±200.50 213.7±158.50 358.3±176.08 0.001† 

α-Cortolona 1993.1±1045.13 1833.5±806.67 1916.1±709.29 0.769 

Free α-Cortolona 155.2±89.23 114.7±82.17 164.6±78.40 0.064 

ᵦ-Cortolona 1972.5±1037.69 1819.8±801.72 1906.2±707.67 0.787 

Free ᵦ-Cortolona 153.2±88.61 121±75.32 163.3±76.32 0.115 

11-oxo-

Etiocolanolone

338.9±204.84 370.7±299.52 353.9±183.93 0.837 

PD 164.1±83.69 127.4±90.99 153.8±117.03 0.213 

17HP 167.3±153.71 155.7±165.99 192.1±85.12 0.529 

Free 17HP 20±18.05 12.8±15.56 19.5±15.94 0.025† 

PT 398.5±221.45 319.5±236.41 386.1±341.96 0.298 
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Steroid Healthy-adrenal  NFAI ACS-AI P value 

GLUCOCORTICOIDS 

Free PT 36.3±24.70 25.9±30.78 32.6±29.71 0.062 

PTONE 61.7±57.36 38.8±28.48 50.2±36.89 0.330 

THS 723.3± 393.8 909.42±575.81 1347.5±952.42 0.025† 

Free THS 69.5±43.28 57.5±41.60 97.0±62.61 0.038† 

MINERALOCORTICOIDS 

THA  100.3±45.05 99.3±48.43 100.2±39.26 0.914 

Free THA 6.91±3.26 6.0±3.32 6.2±2.53 0.571 

5 alfa-THA 53.8±31.22 47.9±20.42 38.6±19.26 0.126 

Free 5α-THA 60.9±38.77 21.4±23.07 56.2±59.36 0.633 

THB 430.9±277.87  481±229.46 698.8±1083.15 0.836 

5α-THB 232.7±129.46 207.8±103.21 219.1± 95.94 0.562 

THAIdo 73.2±104.37 85.9±79.38 72.0±129.35 0.785 

THDOC 47.3±34.96 46.7±28.11 57.6±44.13 0.443 

5 alfa-THDOC 33±20.47 28.3±11.30 37.4±21.72 0.914 

ANDROGENS AND PRECURSORS 

Androsterone 761.4±584.94 586.8±522.74 466.1±399.75 0.056 

Free androsterone 47.8±52.87 25.9±22.51 31.3±24.50 0.071 

Etiocolanolone 728.0±683.66 740.5±883.48 416.32   272.59 0.051 

Free 

etiocolanolone 

87.5±93.11 82.9±136.41 47.8±34.89 0.058 

DHEA 54.4±57.62 34.6±39.41 31.2±27.01 0.270 

16 alfa-OH-DHEA 40.9±48.65 13.8±12.27 20.8± 23.90 0.002† 

5PD 34.5±22.32 37.1±27.96 36.5±21.33 0.907 

5PT 259.0±236.80 145.0±134.08 129.8±178.06 0.006† 

Free 5PT 79.7±64.20 39.6±33.52 37.7±42.74 0.001† 

 

20α-DHF: 20a-dehydrocortisol; 20ᵦ-DHF: 20ᵦ-dehydrocortisol; THF: Tetrahidrocortisol; THE: 
Tetrahidrocortisone; PD: Pregnanediol; PT: Pregnanetriol; 17HP: 17-OH-Pregnalona; PT: Pregnanetriol; 
PTONE: Pregnanetriolona; THS: Tetrahidro-11-desoxicortisol; THA: Tetrahidro-11-dehydrocorticosterona; 
5 alfa-THA: 5α-Tetrahidro-11-dehydrocorticosterona; THB: Tetrahidrocortisona; 5α-THB: 5α-
Tetrahidrocorticosterona¸THAldo: Tetrahidroaldosterona; THDOC: Tetrahidrodesoxicorticosterone;5 alfa-
THDOC: 5α-Tetrahidrodesoxicorticosterona; DHEA: Dehydroepiandrosterona; 5PD: 5-Pregnediol; 5PT: 5-
Pregnetriol. Steroids were expressed in ug/24h and in mean values ± standard deviation. Quantitative 
differences among the three groups were analyzed by Kruskal-Wallis test; qualitative variables using the 
χ2 test. 
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Figure 19. Heatmap visualizations of steroid metabolome profiling results 

Abbreviations: 20α-DHF: 20a-dehydrocortisol; 20ᵦ-DHF: 20ᵦ-dehydrocortisol; THF: Tetrahidrocortisol; 
THE: Tetrahidrocortisone; PD: Pregnanediol; PT: Pregnanetriol; 17HP: 17-OH-Pregnalona; PT: 
Pregnanetriol; PTONE: Pregnanetriolona; THS: Tetrahidro-11-desoxicortisol; THA: Tetrahidro-11-
dehydrocorticosterona; 5 alfa-THA: 5α-Tetrahidro-11-dehydrocorticosterona; THB: Tetrahidrocortisona; 
5α-THB: 5α-Tetrahidrocorticosterona¸THAldo: Tetrahidroaldosterona; THDOC: 
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Tetrahidrodesoxicorticosterone;5 alfa-THDOC: 5α-Tetrahidrodesoxicorticosterona; DHEA: 
Dehydroepiandrosterona; 5PD: 5-Pregnediol; 5PT: 5-Pregnetriol. 
Heatmap of free glucocorticoids visualization comparing urine steroid metabolomes revealed that patient 
with NFAI and ACS clusters with an increased production of 20β-DHF, 20α-DHF, free cortisone, UFC, α-
18OH-cortisol and free-6β-OH-cortisol compared to controls without adrenal tumours. Heatmap of 
androgens visualization comparing urine steroid metabolomes revealed that patient with NFAI and ACS 
have a lower production of androgens than patients with non-adrenal tumours. Any cluster was observed 
in total glucocorticoids and mineralocorticoids heatmaps 

 

 

Enzymatic activity in the steroidogenic pathway 

The activities of the enzymes involved in biochemical pathways of examined steroid metabolites 

were estimated by calculating sums and ratios of these compounds in patients with AIs and 

patients with healthy adrenals. The calculated ratios of steroid metabolites in both groups are 

summarized in Table 21. There was a lower aTHS/THS in the NFAI group compared to the 

healthy-adrenal group (P=0.033), but no other relevant differences were found in the ratios of 

excreted urinary steroids between groups. 

Among all participants in the three study cohorts, there was a positive correlation between 

cortisol post-DST level and the excretion of glucocorticoid precursors (r=0.39, P=0.001) and 

mineralocorticoid precursors (r=0.33, P=0.004), and a tendency towards a negative correlation 

with the excretion of androgen precursors (r= –0.21, P=0.073). 

 

Table 21. Ratios of excreted urinary steroids 

Enzyme activity Ratio HEALTHY-

ADRENAL 

NFAI ACS P VALUE 

11β-

hydroxysteroid 

dehydrogenase 

THE/(THF+aTHF) 1.24±0.41 1.29±0.50 1.14±0.30 0.445 

5α-Reductase aTHF/THF 0.78±0.46 0.61±0.31 0.56±0.26 0.151 

11β-hydroxylase 

(P450c11beta) 

aTHS/THS 0.12±0.08 0.08±0.07 0.09±0.06 0.041† 

11β-

hydroxysteroid 

dehydrogenase 

(THB+aTHB)/THA 6.58±2.28 7.90±4.15 8.51±6.90 0.760 

 

THE: Tetrahydrocortisone; THF: tetrahydrocortisol; aTHF: Alpha-tetrahydrocortisol; THB: 

Tetrahydrocorticosterone; aTHB: alphaTetrahydrocorticosterone; THA: Tetrahydro-11-

dehydrocorticosterone. Quantitative differences among the three groups were analyzed by Kruskal-Wallis 

test 
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Discussion 

The main finding of our study was that patients with NFAIs had a clearly different USP than 

that of patients without adrenal tumors. The more relevant differences consisted of an 

increased excretion of glucocorticoids and a lower activity in the androgenic pathway. Both 

findings are compatible with the presence of subtle glucocorticoid hyperactivity in NFAIs, 

despite their apparently “normal” results in post-DST cortisol. 

These results are in conceptual agreement with our previous data that indicated a poor 

diagnostic accuracy of the DST for the prediction of cardiometabolic comorbidities in patients 

with AIs, highlighting the need of more precise markers of hypercortisolism [223]. Taken 

together, these findings might suggest that a majority of the so-called NFAIs overproduce 

hormones in an amount which, being insufficient to be detected by conventional methods, are 

actually deleterious for the cardiometabolic profile of these patients. In accordance, we 

observed an association between hypertension and type 2 diabetes prevalence with USP 

characteristic of NFAIs. To our knowledge, this is the first study evaluating such association. 

The differences in the metabolomics phenotype found between patients with NFAI and 

those with healthy adrenals provide a plausible explanation for the observed increased 

cardiometabolic risk in patients with NFAI. No significant differences in the cardiometabolic 

profile of NFAI and healthy-adrenal groups were observed when matched by BMI, age, and sex. 

However, the study was not powered to detect such differences. Nonetheless, we found that 

patients with NFAIs tended to require more antihypertensive drugs for blood pressure control 

than patients with healthy adrenals, suggesting a higher prevalence of resistant hypertension. 

Moreover, as previously described [52], we found higher cortisol post-DST levels in patients with 

than without hypertension. Supporting our findings, several studies have reported an increased 

prevalence of hypertension, type 2 diabetes, osteoporosis, dyslipidemia, and metabolic 

syndrome in patients with NFAI [44,46,53]; and a significant reduction in systolic blood pressure 

and body weight after adrenalectomy [47].  

In our series, patients with NFAI showed lower levels of 16 alfa-OH-DHEA and total and free 

5-PT than those found in the healthy-adrenal group. This difference in the USP suggests that

patients with NFAI had mild hypercortisolism that could lead to a reduction in ACTH secretion, 

resulting in mild atrophy and decreased steroidogenesis – including androgen synthesis – in the 

contralateral adrenal and in the healthy adrenal tissue adjacent to the adrenal tumor 

[92,148,224,225]. Of note, a recent study described that ACS was associated with decreased 

levels of adrenal androgens, their metabolites, and pregnenolone metabolites [224]. Moreover, 

the putative higher glucocorticoid activity reflected by the reduced levels of androgen 



 

128 
 

precursors might contribute to explain the presence of decreased androgen levels in 

hypertensive patients in our series. Similarly, the mild increase in the excretion of 

glucocorticoids was associated with hypertension and type 2 diabetes in patients with NFAIs. 

Hence, our results suggest that alterations in androgen and glucocorticoid secretion are in part 

responsible of the higher cardiometabolic risk observed in patients with NFAIs. In fact, USP was 

a better predictor of cardiometabolic comorbidities than the cortisol post-DST level, which was 

not different between patients with and without comorbidities in either the NFAI or healthy-

adrenal groups. 

Patients with NFAI had higher levels of free urinary cortisol than the healthy-adrenal group. 

Other previous studies [148,155,156] reported that patients with NFAI had higher THF and THS 

than patients without adrenal tumors. However, we did not find differences in total THF and 

THS concentration between both groups. On the contrary, the levels of THF and THS in the free 

form were lower in patients with NFAI compared to those in the healthy-adrenal group. In the 

same direction, other free steroids such as 17-HP or 5α-THF were lower in the NFAI group. These 

results suggest the presence of differences in the conjugation of some urinary steroids in NFAI 

patients. Being the first report of changes at the level of steroid conjugation in incidentalomas, 

our present findings should be further explored. Moreover, we found no differences in the 

aTHF/THF ratio between both groups. 

The most likely utility of THS is probably the distinction of benign and malignant adrenal 

tumors [147,149,226]. The mechanism underlying THS overproduction in malignant adrenal 

tumours  seems to be related to a relative deficiency or dysfunction of 11β-hydroxylase 

(P450c11beta) [227]. Despite these findings, it is known that glucocorticoid excess is the main 

driver of cardiovascular and metabolic damage in patients with cortisol-producing adrenal 

tumors and even NFAIs [100,102]. This observation extends even to patients with primary 

aldosteronism in whom the increased cortisol and total glucocorticoid metabolite excretion 

correlates better than mineralocorticoid excess with surrogate parameters of metabolic risk 

[228]. 

In our study, the urinary steroid profile of patients with ACS revealed higher excretion of 

excreted precursors of glucocorticoids and a lower excretion of androgen precursors than in 

patients with NFAI, confirming a larger activity in the glucocorticoid pathway. No other 

differences were found in the USP; thus, suggesting the presence of similar steroidogenic 

alterations in both groups. In contrast with other studies in patients with overt adrenal Cushing’s 

syndrome [158,229], we did not find differences in 11β-hydroxysteroid dehydrogenase activity 

according to the putative hypercortisolism status as assessed by DST. In Cushing’s syndrome, 

excess cortisol overwhelms the capacity of this enzyme – that inactivates cortisol into cortisone 
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– resulting in a high ratio of urinary (THF1+a-THF)/THE. However, the amount of glucocorticoid

excess in ACS and possibly in NFAI may not be enough to saturate this enzyme, explaining the 

lack of differences in this ratio among the three groups included in our study. 

Although we found a positive correlation between DST and excretion of glucocorticoid and 

mineralocorticoid precursors, and a tendency to a negative correlation with the excretion of 

androgen precursors, such correlations were weak. Thus, suggesting that the DST is not sensitive 

enough to detect subtle alterations in the steroidogenic pathway in patients with AIs. In line 

with this, our previous study on 823 patients with AIs showed that the diagnostic accuracy of 

the DST for the prediction of cardiometabolic comorbidities was poor, with areas under the ROC 

curve <0.61 for all the individual comorbidities [223]. Several limitations of the DST may 

contribute to this poor accuracy, such as patient compliance with the ingestion of 

dexamethasone, and individual differences in the intestinal absorption and hepatic metabolism 

of dexamethasone, among others [201]. 

The study has several limitations, which need to be acknowledged for accurate 

interpretation of the results. The small sample size likely lacks power to find associations 

between the USP or the cortisol post-DST levels and the different cardiometabolic comorbidities 

evaluated. In addition, with the exception of an overnight fasting, the study protocol did not 

include other specific dietary restrictions. We did not measure serum dexamethasone levels at 

the time of the DST. Thus, some cortisol post-DST levels might be falsely elevated in some 

patients. In fact, two healthy controls had cortisol post-DST levels above 1.8 µg/dL, likely due to 

rapid clearance of the drug. On the other hand, the study followed a predefined protocol, with 

standardized processes for sample collection and storage, thus, minimizing the influence of 

various external factors such as food intake on metabolite levels. The prospective data and 

sample collection and the matching process by age, sex and BMI, also limit the impact of these 

extrinsic factors on the analytes studied, and thereby, the overall performance of USPs. 

Conclusion 
This study suggests that NFAIs do secrete a subtle, yet clinically relevant, excess of 

glucocorticoids which seems to be associated with an increased prevalence of comorbidities, 

such as hypertension. Future studies are needed to confirm our findings; and to identify 

metabolic alterations associated with an increased cardiometabolic risk. 
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CAPÍTULO 5: Evaluation of body composition through 

bioelectrical impedance and abdominal CT images in patients 

with and without adrenal tumors and without overt adrenal 

hypersecretory syndromes. 

Marta Araujo-Castro, Eider Pascual-Corrales, Ana García Cano, Marta Marchan, Gregori Casals, 

Felicia A Hanzu, Miguel Ángel Gomez-Bermejo, Héctor F. Escobar Morreale, Pablo 

Valderrabano. [En revisión]  
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Abstract: 

 
Aim: To compare body composition in patients with autonomous cortisol secretion (ACS), non-

functioning adrenal incidentalomas (NFAIs) and controls without adrenal tumours. 

Methods: Cross-sectional study of 3 groups: patients with ACS (cortisol post dexamethasone 

suppression test (DST) >1.8µg/dL), NFAIs (cortisol post-DST ≤1.8µg/dL) and patients without 

adrenal tumours (control group). Patients of the three groups were matched according to age 

(±5 years-old), sex and body mass index (±5kg/m2). Body composition was evaluated by 

bioelectrical impedance and abdominal CT and urinary steroid profile (USP) by gas 

chromatography mass spectrometry. 

Results: 25 patients with ACS, 24 NFAIs and 24 controls were enrolled. In CT images, patients 

with ACS tended to have a higher visceral/total fat area and visceral/subcutaneous fat ratios 

(P=0.097) than the control group; and a weak positive correlation between serum cortisol post-

DST and subcutaneous fat area (r=0.3, P=0.048) was found. As assessed by bioelectrical 

impedance, lean mass and bone mass were positively correlated with the excretion of total 

androgens (r=0.56, P<0.001; and r=0.58, P<0.001, respectively); and visceral mass was positively 

correlated with the excretion of glucocorticoid precursors and total glucocorticoids (r=0.28, 

P=0.031; and r=0.42, P=0.001, respectively). As assessed by CT imaging evaluation, a positive 

correlation was observed between lean mass and androgen precursors (r=0.30, P=0.036); and 

between visceral fat area, total fat area, and visceral/total fat area ratio and the excretion of 

glucocorticoid precursors (r=0.34, P=0.014; r=0.29, P=0.042; and r=0.31, P=0.170, respectively). 

Conclusion: The USP observed in adrenal tumours, which consists in a low excretion of androgen 

precursors and high excretion of glucocorticoid precursors, is associated with a lower lean mass 

and bone mass and higher level of visceral mass in patients with adrenal tumours.  
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Introduction 

 
Adrenal incidentalomas (AIs) can be found in almost 10% of the general population; and its 

prevalence increases with age [15]. At presentation, the treating physician must rule out 

malignancy and functionality [23,230]. Depending on the definition, autonomous cortisol 

secretion (ACS) is diagnosed in 5%–47% of all AIs; which has been associated with increased 

cardiovascular risk and metabolic syndrome [231]. However, similar associations have also been 

observed in patients with non-functioning AIs (NFAI) compared to patients without adrenal 

tumours [45,50,52,53,131]. Thus, suggesting that NFAIs might actually present some subtle or 

incipient alterations in cortisol metabolism that go unrecognized with currently available tests 

[135,137,138]. 

Adipocyte differentiation and adipose tissue metabolism are linked to glucocorticoid 

actions. Glucocorticoids induce key adipogenic transcription factors and regulate 20% of the 

adipose tissue expressed genes [232,233]. These changes are responsible for the increase in 

visceral fat observed in patients with overt Cushing’s syndrome [234]. However, few studies 

have evaluated body composition changes in patients with AIs [126,143,235–238]; and none of 

them correlated those changes with specific alterations in the glucocorticoid, mineralocorticoid, 

and/or androgenic pathways.  

The hypothesis of our study was that patients with AIs having mild alterations in the steroid 

metabolism might have an increase in visceral fat and sarcopenia compared to controls with 

healthy adrenals. To test this hypothesis, the body composition of patients with either NFAIs, 

AIs with ACS, or with normal adrenal glands was evaluated. Furthermore, we explored the 

association of these findings with serum cortisol levels after the 1mg overnight dexamethasone 

suppression test (DST) and with the urinary steroid profile (USP).  

 

Material and methods 

 
Ethics Statement 

The study was approved by the Hospital Universitario Ramón y Cajal Ethics Committee 

(approved on 12th November 2019, ACTA 374); and all participants signed written informed 

consent. 

 

Patients 

In this cross-sectional study patients were divided into three different cohorts: 1) 

patients without adrenal lesions (control group); 2) patients with NFAIs; and 3) patients with AIs 
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and ACS. We enrolled 25 adult patients evaluated at the Endocrine outpatient clinic in each 

cohort between November 2019 and January 2020. In the control group, we included patients 

with an available abdominal computed tomography (CT) imaging demonstrating normal (not 

nodular nor hyperplastic) adrenal gland structure, who were evaluated for either benign thyroid 

disorders or weight control. In the cohorts of patients with NFAIs and ACS, we included patients 

with incidentally discovered unilateral and/or bilateral AIs of at least 10 mm who had a serum 

cortisol post-DST ≤1.8 µg/dL (NFAI); or >1.8 µg/dL without specific signs or symptoms of overt 

Cushing´s syndrome (ACS), respectively. Exclusion criteria were the same that we have 

previously described [239]. Two participants were excluded after enrolment. One in the NFAI 

cohort due to the diagnosis of non-classical adrenal hyperplasia after enrolment; and one in the 

healthy-adrenal cohort due to glomerular filtration rate <45 ml/min/1.73m2. Patients of the 

three groups were matched according to age (±5 years-old), sex (±10% in frequency in each 

group) and body mass index (BMI) (±5 kg/m2).  

Clinical and body composition evaluation 

At enrolment we registered demographic information including age and sex; 

presence/absence of hypertension, type 2 diabetes, obesity, dyslipidaemia, osteoporosis, 

cerebrovascular and cardiovascular disease; and, when applicable, medical treatment of such 

comorbidities. Physical examination included BMI; office measurements of systolic and diastolic 

blood pressure and a complete evaluation of body composition by electric impedance (TANITA, 

Laboratoy Ensayos Metrológicos, Spain). The evaluation of body composition included the 

percentage and kilograms of fat mass, lean mass, total body water, basal metabolism, visceral 

fat level, bone mass and degree of obesity in percentage.  

Obesity was defined as BMI equal to or higher than 30 kg/m2, and overweight as BMI 

higher than 25 kg/m2 and lower than 30kg/m2. Hypertension, type 2 diabetes and dyslipidaemia 

were defined following the current standards [183,184]. Cardiovascular disease was defined as 

ischemic heart disease or heart failure, and cerebrovascular disease as transient ischemic attack 

or acute stroke. 

We performed an additional fat composition analysis using pre-existing abdominal CT 

axial images. We measured total fat area (TFA), visceral fat area (VFA) and subcutaneous fat area 

(SFA) at the level of the third lumbar vertebra (L3). M.A.G.B. selected the corresponding axial CT 

slice to L3. The fat areas were automatically identified by the SYNAPSE VINCENT image analysis 

system (Fujifilm, Tokyo, Japan) and corrected by M.A.G.B. 
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Biochemical, hormonal and urinary steroid profile evaluation  

Routine biochemical profile after an 8h overnight fasting was performed at diagnosis in 

all patients. The routine hormonal examination of patients with AIs was based on the current 

clinical guidelines [231]. Patients in the “healthy-adrenal” cohort were evaluated with DST only. 

We used the same laboratory assays that we have described in another recent article [239]. 

 The urinary steroid profile (USP) of this cohort has been described in detail in a previous 

publication [239]. USP was analysed both in the total fraction and in the free fraction of 24 h 

urine specimens. The applied procedures are based on the methodology described by 

Shackleton et al. [217,218][219][220]. The normal ranges for total steroids are described in 

Supplementary Table S7.  

 

Data management and statistical analysis 

Study data were collected and managed using REDCap® electronic data capture tools 

hosted at Instituto Ramón y Cajal de Investigación Sanitaria (IRYCIS) [221,222]. Statistical 

analysis was performed with STATA 15.0. Normal assumption was evaluated with the Shapiro-

Wilk test. As no normality was fulfilled, for the comparison of medians between 3 groups we 

used the non-parametric test of Kruskal-Wallis. For the estimation of differences between 

medians between two groups, we used contrast tests using the Holm correction. Qualitative 

differences were analysed with the χ2 test. Linear correlation between continuous variables was 

determined by the Pearson correlation coefficient (r) and for the analysis of tendencies between 

the three groups (considering control group, NFAI and ACS), the ordinal correlation coefficient 

(tau-b) was calculated using the Jonckheere-Terpstra test. Statistical significance was considered 

if a two-tailed p <0.05 was met.  

 

Table S7. Normal ranges of urinary total steroids expressed in µg/24h 

Total urinary metabolite Reference Interval 

Androgens  

Androsterone 173-4645 

Etiocholanolone 216-3242 

Precursors of androgens   

Dehydroepiandrosterone (DHEA) 10-983 

16α-OH-Dehydroepiandrosterone (16αOH-DHEA) 6-510 

5-Pregnenediol (5PD) 5-565 

5-Pregnentriol (5PT) 42-930 

Mineralocorticoids and precursors  

Tetrahydro-11-dehydrocorticosterone (THA) 20-282 

5α-Tetrahydro-11-dehydrocorticosterone (5α-THA) 12-140 
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Total urinary metabolite Reference Interval 

Tetrahydrocorticosterone (THB) 18-333

5α-Tetrahydrocorticosterone (5α-THB) 68-553

Tetrahydroaldosterone (THAldo) 13-81

Tetrahydrodesoxicorticosterone (THDOC) 9-197

5α-Tetrahydrodesoxicorticosterone( 5α-THDOC) 7-170

Precursors of glucocorticoids 

Pregnanediol (PD) 60-1650

17-OH-Pregnanolone (17HP) 15-847

Pregnanetriol (PT) 89-1850

Pregnanetriolone (PTONE) <110 

Tetrahydro-11-desoxicortisol (THS) 99-870

Glucocorticoids 

Cortisol 14-218

6β-OH-Cortisol 8-144

Tetrahydrocortisol (THF) 451-3154

5α-Tetrahydrocortisol (5α-THF) 165-3719

α-Cortol 78-1867

β-Cortol 199-1297

11β-OH-Androsterone 105-1565

11β-OH-Etiocholanolone 39-481

Cortisone 54-227

Tetrahydrocortisone (THE) 869-5090

α-Cortolone 223-1687

β-Cortolone 199-1410

11-oxo-Etiocolanolone 59-517

Results 

Patients 

A total of 73 patients were included in the study (24 with normal adrenals, 24 with NFAI, 

and 25 with ACS). Patients with ACS had a higher prevalence of hypertension, dyslipidaemia, and 

diabetes than patients with NFAIs or the control group. Moreover, patients with ACS were under 

more antihypertensive drugs than patients of the control group (P=0.011) (Supplementary Table 

8). 
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Table S8. Comparison of baseline clinical and biochemical characteristics of the study cohorts 

Abbreviations: BMI, body mass index; DST, 1mg overnight dexamethasone suppression test; FPG, fasting 

plasma glucose; GFR, glomerular filtration rate; Quantitative differences were analysed by Kruskal-Wallis; 

qualitative variables using the Fisher exact test. Quantitative variables are expressed in mean±standard 

deviation and qualitative variables as percentages and absolute numbers 

 

 

Body composition of patients with ACS, NFAI and control group 

Based on electric impedance and axial CT images, body composition was similar 

between the patients of the control group, NFAI and ACS. However, there was a tendency to a 

VARIABLE CONTROL 

GROUP (n=24) 

ACS GROUP (n=25) NFAI GROUP 

(n=24) 

P value 

 

Age, years 65.5±9.63 70.2±7.83 67.4±9.68 0.201 

Female sex 75% (n=18) 64% (n=16) 71% (n=17) 0.698 

Diabetes 20.8% (n=5) 44% (n=11) 4.22% (n=1) 0.003† 

Hypertension 54.2% (n=13) 84.0% (n=21) 41.7% (n=10) 0.006† 

Number of 

antihypertensive 

drugs 

1.5±0.52 2.6±0.93 2.1±0.74 0.008† 

Dyslipidaemia 58.3% (n=14) 88% (n=22) 50.0% (n=12) 0.275 

Obesity 37.5% (n=9) 48.0% (n=12) 25.0% (n=6) 0.350 

Overweight  66.7% (n=16) 80.0% (n=20) 83.3% (n=20) 0.351 

Osteoporosis 

(n=47) 

16.7% (n=3) 26.7% (n=4) 7.1% (n=1) 0.376 

Cerebrovascular 

disease 

0% 8% (n=2) 4.2% (n=1) 0.370 

Cardiovascular 

disease 

29.2% (n=7) 20.0% (n=5) 25.0% (n=6) 0.747 

BMI (kg/m2) 28.9±7.89 29.6±5.13 28.9±4.37 0.703 

Systolic blood 

pressure (mmHg) 

141.3±16.91 142.8±19.46 139.0±16.29 0.947 

Dyastolic blood 

pressure (mmHg) 

83.1±8.87 81.7±13.27 83.2±9.18 0.835 

FPG (mg/dl) 101.7±22.30 104.8±22.74 109.3±60.05 0.768 

GFR 

(ml/min/1.73m2) 

79.5±11.06 79.6±11.52 79.0±15.36 0.968 

HbA1c (%) (n=30) 6.1±0.80 6.0±0.81 5.8±0.49 0.305 

LDL-c (mg/dl) 106.3±46.83 95.9±37.50 106.5±28.57 0.688 

HDL-c (mg/dl) 54.2±21.14 61.4±18.51 54.2±10.60 0.235 

Triglycerides 

(mg/dl) 

118.5±47.45 120.9±83.11 99.8±39.88 0.343 

DST (µg/dL) 1.2±0.41 4.4±2.56 1.3±0.40 0.0001† 
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higher visceral/total fat area and visceral/subcutaneous fat ratios in patients with ACS than in 

the control group (corrected Holm P=0.097). A positive tendency in the visceral/total fat and 

visceral/subcutaneous fat area ratios was observed when control, NFAI and ACS were 

considered as ordinal categories (tau_b=0.223, P=0.040). A summary of the different variables 

evaluated is shown in Table 22. We could not demonstrate any correlation between parameters 

of body composition based on electric impedance and levels of serum cortisol post-DST (P>0.05). 

However, based on CT evaluation, we observed a weak positive correlation between serum 

cortisol post-DST and subcutaneous fat area (SFA) (r=0.3, P=0.048) and with the total fat area 

(r=0.3, P=0.053).  

 

Table 22. Body composition in patients without adrenal tumours, with NFAIs, or with AIs and 

ACS matched by age, sex, and body mass index. 

BMI: body mass index; differences in quantitative variables between the three groups were calculated 
using the Kruskal-Wallis test. 

 

 

 

VARIABLE CONTROL 

(n=24) 

NFAI (n=24) ACS (n=25) P value 

 

ELECTRIC IMPEDANCE 

Weigth, kg 75.7±21.97 72.8±12.36 76.3±15.98 0.609 

Fat mass, % 35.7±8,78 35.9±8.84 34.6±12.04 0.979 

Fat mass, kg 28.0±13.64 26.2±9.27 30.9±18.05 0.822 

Lean mass, kg 45.7±10.06 44.4±7.84 46.8±10.90 0.602 

Total water, kg 33.9±8.87 32.8±6.80 35.0±9.42 0.628 

Total water, % 45.4±5.38 44.6±5.49 45.6±7.42 0.911 

Bone mass, kg  2.5±0.49 2.4±0.39 2.5±0.55 0.620 

Basal metabolism, kcal 1445.6±323.63 1607.0±1108.8 1742.4±1233.75 0.583 

Level of visceral fat, % 11.9±5.79 13.8±5.77 12.7±5.14 0.468 

BMI, kg/m2 34.1±32.89 34.1±19.72 35.0±24.41 0.836 

CT EVALUATION 

Total fat area (TFA) 364.6±242.91 399.3±100.63 437.4±158.03 0.273 

Visceral fat area (VFA) 159.6±143.25 183.4±88.76 213.0±80.61 0.120 

Subcutaneous fat area 

(SFA) 

205.0±118.89 215.9±70.76 224.5±109.98 0.747 

Lean mass (L3) 100.1±17.63 101.5±6.52 104.0±12.04 0.521 

Visceral: total fat area 

ratio 

0.4±0.13 0.4±0.16 0.5±0.13 0.100 

Visceral:subcutaneous 

fat ratio 

0.7±0.43 1.0±0.67 1.2±0.82 0.100 
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Urinary steroid profile and body composition 

Overall, as we have previously described [239], patients with AIs had a lower excretion 

of androgen precursors and higher excretion of UFC than patients with normal adrenals. Among 

patients with AIs, we found that patients with hypertension had a lower excretion of total 

androgens (855.8±720.51 vs 1521.1±1052.83, P=0.012). Similarly, excretion of total androgens 

was lower in patients with diabetes than patients without diabetes (855.8 ±711.39 vs 

1487.7±1180.77 µg/24h, P=0.012), in patients with dyslipidaemia than without (929.4 ±720.51 

vs 1521.5±1052.83 µg/24h, P=0.046). These alterations correlated with changes in body 

composition. Positive correlations between the excretion of total androgens and androgen 

precursors with lean mass (electrical impedance) (r=0.56, P<0.001 and r=0.49, P<0.001, 

respectively) and bone mass (r=0.58, P<0.001 and r=0.45, P=0.001, respectively) were observed. 

A positive correlation between urinary levels of glucocorticoid precursors and total 

glucocorticoids with the level of visceral fat (r=0.28, P=0.031, and r=0.42, P=0.001, respectively) 

was found (Figure 20). Similarly, based on CT evaluation, a positive correlation between 

androgen precursors and lean mass was observed (r=0.30, P=0.036) and between glucocorticoid 

precursors and VFA (r=0.34, P=0.014), TFA (r=0.29, P=0.042) and visceral/total fat area ratio 

(r=0.31, P=0.170) (Figure 20). 

 

Discussion 
This study did not find significant differences in body composition of patients with 

normal adrenal glands, NFAIs and AIs with ACS; except for a tendency to higher visceral/total fat 

area and visceral/subcutaneous fat ratios, as assessed by CT imaging evaluation, in ACS patients 

than in the control group. A positive correlation between serum cortisol post-DST and 

subcutaneous fat area (CT) was observed, but not with other parameters of body composition. 

One of the most important findings of our research, was the observation of a direct association 

between body composition and steroid metabolism as assessed by USP. Particularly, an 

increased excretion of glucocorticoids was associated with an increase in visceral fat; and a 

decrease in the excretion of urinary androgens was associated with a decrease in lean mass and 

bone mass. These alterations were observed for both cohorts of patients with AIs, either NFAIs 

or ACS, when compared to patients in the control group. Those findings suggested the presence 

of subtle glucocorticoid hyperactivity in NFAIs currently unrecognized through DST. The present 

evaluation of body composition suggests that these subtle alterations in steroid metabolism 

might, nonetheless, have a deleterious effect in body composition; and possibly in other 

cardiometabolic factors.  

 



141 

Figure 20. Association of the metabolomic profile observed in patients with adrenal 

incidentalomas and body composition  

Positive correlations were observed between a) the excretion of total androgens and lean mass (r=0.56, 
P<0.001), b) total androgens and bone mass (r=0.58, P<0.001); c) androgen precursors and lean mass 
(r=0.49, P<0.001) d) androgen precursors and bone mass (r=0.45, P=0.001); e) total glucocorticoids and 
the level of visceral fat (r=0.42, P=0.001) and f) glucocorticoid precursors and the level of visceral fat 
(r=0.28, P=0.031) 

The body composition of patients matched by age, sex, and BMI with either normal 

adrenals, NFAIs or AIs with ACS was similar when we assessed body composition by electric 

impedance. However, when CT evaluation was performed, we found that patients with ACS 

tended to have a higher visceral/total fat area and visceral/subcutaneous fat ratios than the 
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control group. Most previous studies, estimated body composition from measurements in 

abdominal CT images; and, in one study, with dual-energy x-ray absorptiometry [143]. Similar to 

our findings, other studies did not find significant differences in body composition between 

patients with ACS and NFAIs [126,237,238]. Nonetheless, some retrospective data suggests that 

in non-operated patients with ACS visceral fat may increase over time. This, however, was not 

observed in patients with NFAI over a 3-year follow-up period [126]. It has also been suggested 

that visceral fat may decrease, and skeletal muscle mass may increase after adrenalectomy in 

patients with ACS [238]; and the intensity of these changes seems to have a direct correlation 

with the degree of hypercortisolism assessed by preoperative DST [238]. In accordance with our 

study, one large cross-sectional study, found that patients with AIs, either with Cushing 

syndrome, ACS or NFAIs, had more visceral fat and less skeletal muscle than a control group of 

patients without adrenal lesions matched by sex, age, and BMI [236]. Moreover, one study found 

that visceral fat ratios: visceral/subcutaneous and visceral/total volume were significantly higher 

in patients with ACS than NFAI [235]. Moreover, a significant increase in the visceral fat volume 

in patients with ACS, but not in patients with NFAI, was described. 

 

In accordance with the finding of a tendency to a higher visceral/total fat area ratio in 

patients with ACS than in the control group, we observed a positive correlation between serum 

cortisol post-DST and subcutaneous fat area (as measured in CT images). Other studies have 

reported a positive association between post-DST cortisol and visceral fat adiposity. One study 

reported that a serum cortisol post-DST cutoff of 1.8 µg/dL was associated with a significantly 

increased visceral/subcutaneous and visceral/total volume fat ratios in patients with AIs, 

irrespective of age and sex [235]. Similarly, a correlation with serum cortisol concentrations after 

DST revealed that for every 1.02 µg/dL cortisol increase there was a 0.008 increase in visceral-

total volume fat ratio (P < 0.001), 0.02 increase in the visceral/subcutaneous fat ratio (P < 0.001); 

and a 1.2 cm2 decrease in mean total muscle mass (P = 0.002) was described in another study 

[237]. Similarly, another study found that patients with cortisol post-DST >1.8µg/dL at baseline 

and at the end of a 3-year follow-up period were associated with a significant increase in visceral 

fat during that time. [126]  Another study described that an increase of 1.0 μg/dL of cortisol 

post-DST was independently associated with greater reduction of visceral fat area (-3.95%), 

visceral/subcutaneous fat ratio (-3.07%), and an increase in lean mass (+0.92%, P < 0.05 for all) 

after adrenalectomy [238].  

 

One of the most remarkable findings in our study was that the typical pattern in USP 

observed in NFAI and ACS was associated with a higher risk of cardiovascular risk factors and a 
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worse body composition profile compared to the USP of patients without adrenal tumours. In 

our study, patients with adrenal tumours had higher excretion of glucocorticoids and lower 

excretion of androgens than patients without adrenal lesions. A positive correlation between 

the excretion of total androgens and androgen precursors with lean and bone masses, and a 

positive correlation between glucocorticoid precursors and total glucocorticoids with the 

visceral fat were found. However, we do not know the directionality of this association. It could 

be that adrenal tumours promote changes in body composition that lead to the observed 

increased cardiometabolic risk; or it could be that a visceral fat increase leads to 

hyperinsulinemia which might promote the development of AIs [136]. In fact, supporting this 

latter possibility, previous studies reported that patients with obesity have a subtle increase in 

glucocorticoid production similar to that observed in patients with Cushing's syndrome [240]; 

and polymorphisms in the 11beta-hydroxysteroid dehydrogenase type 1 gene have been 

associated with components of the metabolic syndrome [241]. 

 

Our study has a cross-sectional design with prospective collection of blood specimens 

and electric bioelectrical impedance evaluation in which the three groups were matched by age, 

sex, and body mass index. We included a control group of patients without adrenal tumors and 

used the same protocol and device to acquire the bioelectrical impedance data. However, we 

acknowledge that our study has some limitations. First, even if there is increasing evidence that 

electric impedance estimation overlaps with dual-energy X ray [242], we are aware that electric 

impedance is not considered the gold standard for body composition evaluation. To minimize 

this limitation, we have also estimated body composition based on images of abdominal CT 

scans, which has been used in several previous publications to estimate body composition. Our 

results suggest that there is a positive correlation between the steroid secretion and metabolism 

and body composition. The fact that changes in steroid secretion and metabolism in NFAIs are 

very subtle; and that most patients in the ACS group had mild hypercortisolism (ACS defined as 

serum cortisol post-DST >1.8 μg/dL, mean xxx μg/dL) reflect those differences were small 

between the three groups, thus requiring a larger sample size to detect them.  

 

Conclusion:  
Our study suggests that the USP usually observed in adrenal tumours, which consists in 

a low excretion of androgens precursors and high excretion of glucocorticoids precursors, is 

associated with a lower lean mass and bone mass and higher level of visceral mass in patients 

with adrenal tumours. Further studies are needed to confirm this observation. 
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Abstract: 

Purpose: To develop a predictive model to rule out pheochromocytoma among adrenal 

tumours, based on unenhanced computed tomography (CT) and/or magnetic resonance 

imaging (MRI) features. 

Methods: Retrospective multicentre study of 1131 patients presenting with adrenal lesions 

including 163 subjects with histological confirmation of pheochromocytoma (PHEO), and 968 

patients showing no clinical suspicion of pheochromocytoma in whom plasma and/or urinary 

metanephrines and/or catecholamines were within reference ranges (non-PHEO). 

Results: Tumour size was significantly larger in PHEO than non-PHEO lesions (44.3±33.2 versus 

20.6±9.2mm respectively; P<0.001). Mean unenhanced CT attenuation was higher in PHEO 

(52.4±43.1 versus 4.7±17.9HU; P<0.001). High lipid content in CT was more frequent among non-

PHEO (83.6% versus 3.8% respectively; P <0.001); and this feature alone had 83.6% sensitivity 

and 96.2% specificity to rule out pheochromocytoma with an area under the receiver operating 

characteristics curve (AUC-ROC) of 0.899. The combination of high lipid content and tumour size 

improved the diagnostic accuracy (AUC-ROC 0.961, sensitivity 88.1% and specificity 92.3%). The 

probability of having a pheochromocytoma was 0.1% for adrenal lesions smaller than 20mm 

showing high lipid content in CT. Ninety percent of non-PHEO presented loss of signal in the “out 

of phase” MRI sequence compared to 39.0% of PHEO (P<0.001), but the specificity of this feature 

for the diagnosis of non-PHEO lesions low. 

Conclusion: Our study suggests that sparing biochemical screening for pheochromocytoma 

might be reasonable in patients with adrenal lesions smaller than 20mm showing high lipid 

content in the CT scan, if there are no typical signs and symptoms of pheochromocytoma. 
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Introduction 
 

The increasing use of imaging techniques leads worldwide is driving an increase in the 

detection of adrenal incidentalomas (AIs), which are present in 4% of the general population, 

and in up to 10% of elderly patients [243]. After the diagnosis of an AI, its malignant nature and 

its hormonal production need to be assessed [23]. The diagnosis of adrenal cancer is usually 

established based on computed tomography (CT) and/or magnetic resonance imaging (MRI) 

studies due to the availability of highly specific radiological features [25]. However, a complex 

work-up is generally needed to assess its functionality. Hormonal evaluation must include the 

assessment of glucocorticoid excess in all cases; whereas mineralocorticoid and/or androgen 

excess are evaluated in selected patients based on clinical suspicion. Although 

pheochromocytomas are rare, current recommendations include ruling out catecholamine 

excess in all AIs to avoid the possibility of life-threatening crisis resulting from catecholamine 

excess [244], by measuring urinary free metanephrines, urinary catecholamines and/or plasma 

free metanephrines [23]. 

However, measurement of these hormones and metabolites is expensive, cumbersome, 

time consuming, and may be interfered by several drug and diet components often leading to 

falsely elevated results [26]. Moreover, although typical signs and symptoms of catecholamine 

excess are present in most patients with pheochromocytoma, up to 25% of them are 

asymptomatic and 50% present with only mild elevations of biochemical markers [245]. In this 

scenario, imaging plays a crucial role in differentiating cortical adenomas from 

pheochromocytomas. Even though no single imaging feature permits ruling out 

pheochromocytoma with confidence, earlier studies suggest that combinations of CT and/or 

MRI features are accurate enough as to avoid biochemical evaluation in some cases [29–32]. 

However, these studies have been typically conducted at single institutions with limited sample 

sizes, limiting the generalization of their results and their translation into clinical practice. 

With this study we aimed to develop a predictive model based on imaging features of 

CT and or MRI studies which could reliably identify those adrenal tumours at very low risk of 

being a pheochromocytoma. 

 

Methods 
 

This retrospective multicentre study was approved by the Hospital Universitario Ramón y 

Cajal Ethics’ Committee, and a waiver of informed consent was granted. 
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Study population 

We included a total of 1,131 patients with adrenal lesions evaluated at 13 tertiary 

academic hospitals between 2001 and 2020 in whom imaging (CT and/or MRI) data were 

available. 

Patients were classified into two groups: i) Patients with histological confirmation of 

pheochromocytoma (PHEO group) and ii) Patients with urinary and/or plasma free 

metanephrines, and/or urinary catecholamine levels within reference range according to the 

different local laboratories and without clinical suspicion for pheochromocytoma (non-PHEO 

lesions). The latter were selected from a larger multicentre adrenal incidentaloma database, 

which included information on 968 patients presenting with one or more AIs of at least 1 cm in 

larger diameter and no catecholamine excess, evaluated at seven Spanish Hospitals between 

2001 and 2020 [207]. Patients in the first group were selected from the PHEO-RISK study 

database, which had information on 163 histologically confirmed pheochromocytomas who 

underwent adrenalectomy between 2005 and 2020 in ten Spanish tertiary hospitals [12]. 

Patients of both groups were identified through a systematic electronic search in the Pathology, 

Endocrinology, Biochemistry or Admission Departments files of the different hospitals [246] 

(Figure 21). 

Clinical and hormonal evaluation 

Medical records were reviewed retrospectively to extract demographic information 

such as age, and sex, medical history of comorbidities at diagnosis including hypertension, type 

2 diabetes mellitus, obesity, dyslipidaemia, cerebrovascular, and cardiovascular disease, and 

physical examination variables including body mass index (BMI) and systolic and diastolic blood 

pressure. 

Hormonal evaluation consisted in at least the evaluation of catecholamine excess by the 

measurement of urinary (n=588) or plasma free metanephrines (n=32) or urinary 

catecholamines (n=801) in all patients. In 496 patients, both metanephrine and catecholamine, 

were measured. Moreover, cortisol after dexamethasone suppression test (n=905), plasma 

ACTH (n=587), 24-urinary free cortisol (n=441) and aldosterone/renin ratio (n=638) were 

measured in some patients. 

Diagnostic imaging evaluation 

All patients underwent unenhanced CT scan and/or MRI examinations at diagnosis 

(Figure 21). Different equipment and image acquisition protocols were used throughout the 

study periods at different institutions. The following image features were extracted from study 
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reports: i) In CT studies, size (largest reported diameter), uni- or bilaterality, lipid content 

measured on unenhanced phase on the CT scan, presence of calcifications or necrosis, and 

Hounsfield units (HU); and ii) in MRI studies: size (largest reported diameter) and chemical shift 

imaging, which allows the detection of intracellular lipid that is contained in most frequent 

adrenal lesions (adenomas) with loss of signal in the “out of phase” sequence [247]. For bilateral 

AIs, the size of the largest adenoma was included in the analyses. Adrenal tumours were 

considered rich in lipid content when attenuation was low (<10 HU) in a CT performed without 

intravenous contrast [23]. 

 

Figure 21. Study population 

 

AIs: adrenal incidentalomas; CT: computed tomography; MRI: magnetic resonance imaging 

 

Statistical analysis 

Continuous variables were expressed as mean ± standard deviation and categorical 

variables were described as proportions. For variables with some missing data, we have 

indicated the number of patients with available results in brackets in the different tables. 

Shapiro Wilk´s test was used to assess normality of continuous variables and Levene’s test 

assessed homogeneity of the variances. Student’s t test was used for comparison of continuous 

variables, and χ2 test served for the comparison of proportions among the groups of patients. 

For quantitative variables reaching statistical significance in the comparisons, receiver operating 

characteristics curve (ROC) analysis was used as a measure of diagnostic accuracy, and to 

identify the cut-off values showing the best combination of sensitivity and specificity. The 

predictive model was developed using a multivariate logistic regression model. The selection of 

variables for the model was based on the results of the univariate logistic regression model to 

predict non-PHEO and only variables with less than 30% of missing results were considered to 

enter in the predictive model. The estimation of all possible equations was used to select the 

Figure 1. Study population 

 

 

 

NON-PHEOCHROMOCYTOMA 

GROUP (n=968) 

PHEOCHROMOCYTOMA GROUP 

(n=163) 

• 8 Cushing´s syndrome 

• 25 Primary aldosteronism 

• 305 Autonomous cortisol secretion 

• 576 Nonfunctioning AIs 

• 153 unilateral PHEO 

• 10 bilateral PHEO 

CT evaluation (n=780), MRI (348) 

CT and MRI (n=175) 

CT evaluation (n=137), MRI (81), 

CT and MRI (n=65) 
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model with the best diagnostic accuracy (lower Akaike index (AIC) and maximum C Harrell index. 

ROC curve was also used to construct the model with the highest diagnostic accuracy. A two-

tailed P value < 0.05 was considered as statistically significant in all analyses. All statistical data 

analyses were performed with STATA 15.0 (StataCorp LLC, College Station, Texas, USA). 

Results 

Patients 

The comparison of the clinical characteristics of the 163 patients with PHEO with the 

974 subjects with non-PHEO lesions is summarized in Table 23. Patients in the PHEO group were 

younger, leaner and had less frequently obesity and dyslipidaemia. Genetic information was 

available in 136 patients of the PHEO group, of whom 31.6% had a predisposing hereditary 

syndrome (27 MEN2A, 6 neurofibromatosis type 1, 4 SDHB mutations, 3 Von Hippel Lindau 

syndrome, 2 SDHD mutations and 1 patients MAX mutation). No differences were found in the 

prevalence of other cardiometabolic comorbidities. 

Table 23.  Baseline characteristics of the study population 

PHEO (n=163) NON-PHEO (n=918) P value 

Age (years) 51.7±16.31 62.4±11.13 <0.0001† 

Female sex 50% (n=22) 39.0% (n=16) 0.309 

Hypertension 61.3% (n=98) 54.0% (n=522) 0.089 

Type 2 diabetes 25.0% (n=40) 24.7% (n=238) 0.927 

Dyslipidemia 34.6% (n=55) 49.2% (n=474) 0.001† 

Cardiovascular events 13.8% (n=22) 11.4% (n=110) 0.384 

Cerebrovascular events 4.4% (n=7) 2.5% (n=24) 0.177 

Obesity 15.3% (n=24) 37.7% (n=306) <0.0001† 

Systolic blood pressure (mmHg) 135.1±18.23 135.1±18.23 0.990 

Diastolic blood pressure 

(mmHg) 

80.3±14.20 78.9±10.90 0.269 

Body mass index (kg/m2) 26.2±5.33 29.4±6.02 <0.0001† 

Imaging and predictive model 

The comparison of the imaging features of the PHEO and non-PHEO subgroups are 

summarized in Table 24. Among lesions evaluated with CT, mean tumour size was 20 mm larger 

in pheochromocytomas than in non-PHEO lesions, and the frequency of tumours above 40 mm 

was larger in the former. Calcification and necrosis were more common in pheochromocytomas, 
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whereas high lipid content was much less frequent than in non-PHEO lesions. The unenhanced 

CT attenuation was higher in pheochromocytomas as was the frequency of lesions with 

attenuation >10 HU. Bilaterality was more frequent in non-PHEO lesions. MRI showed a loss of 

signal in the “out of phase” sequence in 90.3% of the non-PHEO lesions compared with only 39% 

of pheochromocytomas. The typical hyperintensity in T2-weighted MRI studies was observed in 

77.1% (64/83) of pheochromocytomas. 

When using these features as single predictors of PHEO or non-PHEO lesions, HU showed 

the highest accuracy (91.7%) for PHEO lesions (AUC 0.917 [95%CI 0.866-0.968]), with a 16 HU 

threshold showing 89.7% sensitivity and 95.9% specificity, even though these measurements 

were not available in all patients. Accordingly, a low lipid content had 89.9% diagnostic accuracy 

for the prediction of PHEO lesions (AUC 0.899 [0.874-0.924]) with 89.7% sensitivity and 95.9% 

specificity for attenuation >10 HU, whereas tumour size had 83.4% diagnostic accuracy (AUC 

0.834 [95%CI 0.795-0.873]) for PHEO lesions with 76.6% sensitivity and 76.6 specificity for 

tumour size >28 mm. On the contrary, the diagnostic accuracy of loss of signal in the “out of 

phase” sequence in MRI was only 75.5% accurate (AUC 0.757 [95%CI: 0.692-0.8215]), with a 

90.3% sensitivity but a 61.0% specificity for the presence of the loss of signal. 

The combination of tumour size and high lipid content achieved a diagnostic accuracy of 

96.1% for the diagnosis of non-pheochromocytoma (Figure 22). Based on the predictive model, 

the probability of pheochromocytoma in an adrenal lesion smaller than 20 mm with high lipid 

content in CT scan was only 0.1% (Table 25). The diagnostic accuracy of the predictive model 

slightly increased when clinical variables (obesity and dyslipidaemia) were included in the model 

(Figure 22). 

 

Figure 22. Diagnostic accuracy of the imaging features for the prediction of pheochromocytoma 

 

 

 

 

 

Figure 2. Diagnostic accuracy of the imaging features for the prediction of PHEO 

  
                   AUC 0.961 [0.946-0.976]                                                               AUC 0.970 [0.952-0.979] 

Based on optimal threshold: Se 88.1%; Sp 92.3%                         Based on optimal threshold: Se 89.9%; Sp 92.1% 
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Table 24. Imaging features of PHEO and non-PHEO lesions 

PHEO non-PHEO P value OR [95% CI] 

 UNENHANCED CT EVALUATION 

Tumour size (mm) (n=857) 44.3±33.2 20.6±9.2 <0.0001 1.12* [1.10-1.15] 

Tumour size > 40mm 44.9% 

(61/136) 

2.6% (19/721) <0.0001 30.05 [17.04-53.00] 

Hounsfield Units (n=136) 52.4±43.07 4.7±17.91 <0.0001 1.07* [1.04-1.10] 

Hounsfield Units >10 

(n=136) 

94.9% (37/39) 20.6% (20/97) <0.0001 71.23 [15.81-

320.97] 

Bilaterality 6.3% (10/163) 23.8% (230/968) <0.0001 0.21 [0.11-0.40] 

Necrosis (n=873) 23.4% 

(26/111) 

0.5% (4/762) <0.0001 1.23 [1.05-1.46] 

Calcifications (n=871) 5.5% (6/109) 1.4% (11/762) 0.004 3.97 [1.44-10.98] 

High lipid content (n=767) 3.8% (3/79) 83.6% (575/688) <0.0001 128.91 [39.96-

415.84] 

 MRI EVALUATION 

Tumour size (mm) (n=430) 38.3±201.5 22.2±10.00 <0.0001 1.08* [1.06-1.11] 

Loss of signal in the “out 

of phase” sequence 

(n=390) 

39.0% (23/59) 90.3% (299/331) <0.0001 0.07 [0.04-0.13] 

The numbers in brackets make reference to n/N; *For each increased in unit. Odds ratio (OR) were 

calculated by logistic regression analysis, being the reference group non-PHEO (non-PHEO=0, PHEO=1) 

Table 25. Probability of pheochromocytoma based on tumour size and lipid content 

 Tumour 

 size 

Lipid content 
<10 mm 10-20 mm 21-30 mm 31-40 mm >50 mm

High 0% 0.1% 0.4% 1.4% 4.6% 

Low 4% 12.5% 33.1% 63.1% 85.5% 

The lowest probability of PHEO was observed in patients with adrenal lesions with a tumour size <10 mm 

and high lipidic content (probability of PHEO=0%), and the highest risk was seen in patients with adrenal 

lesions >50 mm and low lipidic content (85.5%). 



 

158 
 

Discussion 
 

The predictive model developed in this study suggests that pheochromocytomas can be 

distinguished from other adrenal tumours with a high diagnostic accuracy based on the 

radiological features of unenhanced CT scan studies. A high lipid content is very specific for non-

PHEO lesions (only 4% of pheochromocytomas in our series had high lipid content). Moreover, 

when high lipid content was combined with a small tumour size (<20 mm), the probability that 

an adrenal lesion was a pheochromocytoma was below 0.1%. 

In our series, pheochromocytomas were significantly larger than non-PHEO lesions and 

were frequently above 4 cm in diameter; in agreement with the findings of previous publications 

[176,248–250]. In this line, the mean tumour diameter in Gruber et al. metaanalysis was 38±22 

(range, 12–150) mm; and approximately 40% of the tumours were larger than 4 cm in diameter 

[249]. We found that 28 mm was the tumour size threshold with the highest sensitivity and 

specificity for pheochromocytoma. Of note, a recent study found that tumours larger than 29 

mm had a six-fold higher risk for being a pheochromocytoma than smaller lesions [248].  

A high lipid content based on unenhanced CT scan offered a specificity of 96.2% for the 

prediction of non-PHEO lesion in our cohort. It is known that most adenomas are rich in 

intracellular lipid content, leading to low attenuation values on unenhanced CT. In fact, 

attenuation values less than 10 HU are highly specific for adenomas [175]. However, 15 to 30% 

of adrenal adenomas show low lipid content [251] making the differential diagnosis particularly 

challenging. 

In our series, 16.4% of the non-PHEO lesions showed low-lipid content, whereas only 3 

pheochromocytomas had high lipid content. Thus, a high lipid content can be considered very 

specific for non-PHEO lesions [252]. Accordingly, we found that HU were significantly higher in 

pheochromocytomas compared with non-PHEO lesions. A value above 16 HU showed 95.9% 

specificity for pheochromocytoma. Two previous meta-analyses found that a cut-off of more 

than 10 HU had a 100% sensitivity (95% CI, 1.00–1.00) for the diagnosis of pheochromocytoma 

[249,253]. For example, in the Gruber et al. metaanalysis, the mean unenhanced CT attenuation 

was 35±9 HU, and only 15 tumours had attenuation ≤20 HU [249]. In this same line, Canu et al. 

states that it was calculated that 1232 patients harboring an adrenal tumor with an unenhanced 

attenuation valueless than 10 HU needed to be biochemically screened to detect one 

pheochromocytoma [27] as 0.5% of PHEOs had an attenuation of 10 HU.  Moreover, in the Sane 

et al series [17] no patient with PHEO with an HU<10, regardless of size, was described.  We 

found that the combination of high lipid content with tumour size improved the diagnostic 
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accuracy for pheochromocytomas in adrenal lesions. A similar observation had also been made 

in a previous smaller study [250]. 

The chemical shift imaging in MRI is considered the best one to differentiate benign from 

malignant adrenal mass [25].However, in our study the specificity of a loss of signal in the “out 

of phase” sequence of the MRI was too low to correctly identify non-PHEO lesions. Adrenal 

adenomas with high lipid content usually lose signal intensity on out-of-phase images compared 

with in-phase images, whereas malignant lesions and pheochromocytomas remain unchanged. 

However, in some cases, areas of fatty degeneration can be found, leading to slight signal drop 

on chemical shift [254]. Based on these findings, some studies recommend considering chemical 

shift as a second imaging test to further characterize a hyper-attenuating adrenal mass [255]. In 

this regard, MRI seems to be particularly useful to evaluate adrenal lesions with an unenhanced 

CT attenuation between 10 and 30 HU, while contrast-enhanced CT might be more useful for 

the evaluation of adrenal lesions with attenuation values above 30 HU [247]. Another typical 

finding of pheochromocytomas in MRI studies is the hyperintensity in T2-weighted images. We 

observed this finding in 77.1% of pheochromocytomas in our series, which is significantly higher 

than the 10% usually quoted in the literature [256]. 

We must acknowledge some limitations of our study, starting by its retrospective design, 

which is prone to selection bias and missing data. Furthermore, radiological characteristics were 

extracted from imaging studies reports. As a consequence, we could not obtain precise HU 

measurements for many tumours, precluding us to include the exact HU units of the adrenal 

lesions in our predictive model. Also, the diagnosis of the non-PHEO lesions was mostly based 

on biochemical studies as most lacked histological confirmation because surgery was not 

appropriate for their management. Albeit it is possible that the non-PHEO group could include 

some non-secreting pheochromocytomas, this would be a rare event and thus, unlikely to 

change our findings. Moreover, imaging studies were acquired at different institutions with 

different equipment and image acquisition protocols. However, this supports the external 

validity of our current data, because this heterogeneity in equipment and image acquisition 

protocol characterizes daily clinical practice. Furthermore, the high consistency of our findings 

across different clinical sites suggests a robust diagnostic accuracy of radiological features for 

the discrimination of pheochromocytomas among adrenal lesions. Our study is also limited by 

the absence of adrenocortical carcinomas or metastatic adrenal lesions, which might overlap 

with pheochromocytomas in their radiological features. However, imaging characteristics of 

malignant lesions usually do not resemble those of adrenal adenomas; and the lack of malignant 

lesions in our cohort is unlikely to change our results as our predictive model was designed to 
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rule out pheochromocytomas and thus, avoiding the need for mandatory metanephrines and/or 

catecholamines measurements. 

 

Conclusions 
Our study suggests that sparing biochemical screening for pheochromocytoma might be 

reasonable in patients with adrenal lesions smaller than 20 mm showing high lipid content in 

the CT scan, if there are no typical signs and symptoms of pheochromocytoma. For such adrenal 

lesions, the estimated probability of being a pheochromocytoma is below one in a thousand. 

However, further research is necessary to confirm our findings. 
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Abstract:  
 

Purpose: To assess the risk of developing autonomous cortisol secretion (ACS) and tumour 

growth in non-functioning adrenal incidentalomas (NFAIs).  

Methods: Multicentre retrospective observational study of patients with NFAIs. ACS was 

defined as serum cortisol >1.8µg/dL after 1mg-dexamethasone suppression test (DST) without 

specific data of Cushing´s syndrome. Tumour growth was defined as an increase in maximum 

tumour diameter >20% from baseline; and of at least 5 mm.  

Results: Of 654 subjects with NFAIs included in the study, both tumour diameter and DST were 

re-evaluated during a follow-up longer than 12 months in 305 patients. After a median follow-

up of 41.3 [IQR 24.7-63.1] months, 10.5% of NFAIs developed ACS. The risk for developing ACS 

was higher in patients with higher serum cortisol post-DST levels (HR 6.45 for each µg/dL, 

P=0.001) at diagnosis. Significant tumour growth was observed in 5.2% of cases. The risk of 

tumour growth was higher in females (HR 10.7, P=0.004).  

Conclusions: The frequency of re-evaluation with DST in NFAIs during the initial 5 years from 

diagnosis can probably be tailored to the serum cortisol post-DST level at presentation. Re-

evaluation of NFAIs with imaging studies, on the other hand, seems unnecessary in most cases, 

particularly if the initial imaging demonstrates features specific of typical adenoma, given the 

low rate of significant tumour growth. 
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Introduction 
 

The increasing use of imaging studies has led to increasing diagnosis of adrenal 

incidentalomas (AIs) in recent years. It is estimated that 5% of the general population have AIs 

but the incidence increases with age [17]. In patients with AIs there are two important aspects 

that need to be ruled out at presentation: 1) malignancy, which is generally done by imaging 

characteristics; and 2) functionality [25]. Although most AIs are benign and non-functioning 

(NFAIs), about 15-30% are associated with hormonal hypersecretion. Autonomous cortisol 

secretion (ACS) is the most common functional alteration in AIs and it has been associated with 

an increased cardiometabolic risk [22]. 

During follow-up, 5% to 28% of NFAIs are expected to develop ACS, depending on 

whether ACS diagnosis is established by serum cortisol post-DST level above 5.0 µg/dl or 1.8 

µd/dl, respectively; and 3% are expected to grow over 10 mm in maximum diameter [164]. 

Despite the known risk for ACS development and its associated increased cardiometabolic risk 

[142][141], it remains controversial whether NFAIs require long-term follow-up; or how closely 

should they be monitored. The European Society of Endocrinology and the European network 

for the study of adrenal tumours (ESE/ENSAT) [25]; and the Italian Association of Clinical 

Endocrinologists (EMA) [20] guidelines consider unnecessary to repeat hormonal or imaging 

evaluations in NFAIs if radiological features are typical of adenoma at presentation. On the other 

hand, under the same circumstances, the National Institutes of Health (NIH) [14], the French 

Endocrinology Society (FES)[24], the Spanish Society of Endocrinology and Nutrition (SEEN) [23] 

and the American Association of Clinical Endocrinologists (AACE/AASE) [68] guidelines 

recommend repeating a dexamethasone suppression test annually for up to 5 years and imaging 

studies for at least one year in tumours less than 4cm or two years if they are 4 cm or larger. 

The hypothesis of our study was that clinical, biochemical, and/or radiological features 

of NFAIs that remain stable during follow-up might be different from those NFAIs that 

experience significant tumour growth and/or develop ACS. Thus, the objective of our study was 

to identify predictors of ACS progression and tumour growth during follow-up of NFAIs.  

 

Materials and Methods 
 

This study was approved by the Hospital Universitario La Princesa´s and Hospital Ramón 

y Cajal’s Ethics Committees (Madrid, Spain) (approval date: 23th of September 2019, acta CEIm 
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10/19, approval number: 3702); and received funds from the Society of Endocrinology, Nutrition 

and Diabetes of Madrid (SENDIMAD) and from the Instituto de Investigación Biomédica Ramón 

y Cajal (IRYCIS). 

Patients 

In this retrospective study we included patients between 18 and 90 years old with at 

least one AI equal to or greater than 1 cm evaluated between 2013 and 2020 at the Endocrine 

Department of one of the seven participating Spanish institutions. We excluded patients with: i) 

known diagnosis of hereditary syndromes associated with adrenal tumours; ii) chronic 

treatment with glucocorticoids or drugs that impair dexamethasone metabolism; iii) current 

treatment with oral hormonal contraceptives (treatment should be suspended for at least 6 

weeks before the functionality studies); and iv) AIs identified during the extension study of an 

extra-adrenal primary cancer. For the present study, we excluded patients with missing values 

in the overnight 1 mg-dexamethasone suppression test (DST) or unavailable imaging studies (CT 

or MRI) at diagnosis or during follow-up; follow-up lower than 12 months; evidence of 

malignancy; or functioning adenomas at presentation (Figure 23). Study data were collected and 

managed using REDCap electronic data capture tools hosted at IRYCIS [221,222]. REDCap 

(Research Electronic Data Capture) is a secure, web-based software platform designed to 

support data capture for research studies, providing 1) an intuitive interface for validated data 

capture; 2) audit trails for tracking data manipulation and export procedures; 3) automated 

export procedures for seamless data downloads to common statistical packages; and 4) 

procedures for data integration and interoperability with external sources.  

Clinical and hormonal assessment 

Medical records were reviewed to extract demographic information, comorbidities, 

body mass index (BMI) and systolic and diastolic blood pressure. Comorbidities possibly related 

to ACS were defined based on current standards as we have previously published [103,206,207]. 

Cardiovascular disease was defined as ischemic heart disease or heart failure, and 

cerebrovascular disease as transient ischemic attack or acute stroke. At study entry, all AIs 

patients were evaluated with at least DST and urinary free metanephrines or catecholamines. 

Other hormones such as 8am serum cortisol, adrenocorticotropic hormone (ACTH), 

dehydroepiandrosterone sulphate (DHEA-S), late-night salivaly cortisol and 24-urinary free 
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cortisol (UFC) were evaluated in some patients when the attending physician considered it 

necessary. Plasma aldosterone/renin activity or concentration ratio was also evaluated in 

hypertensive or hypokalaemic patients; and 17-hidroxyprogesterone and serum basal cortisol 

concentrations in patients presenting with bilateral AIs. Moreover, patients underwent routine 

biochemical profiles including fasting plasma glucose, total, LDL and HDL cholesterol levels, and 

triglyceride concentrations. HbA1c was measured in some patients at the discretion of the 

treating physician. We analysed patients’ data obtained during their initial evaluation and at 

their last available follow-up visit. 

Serum cortisol was measured by competitive chemiluminescence in solid phase and 

electrochemiluminescence and immunochemiluminescence assays, intra-assay coefficient of 

variation (CV) was <10%; ACTH by electrochemiluminescence and sandwich type sequential 

immunoassay in solid phase, intra-assay CV was <10% and UFC by chemiluminescence assay of 

microparticles, chemiluminescence assay in immulite and in centaur with extraction in 

dichloromethane; intra-assay CV was <15%. 

NFAIs was defined as an AI with serum cortisol post-DST below than or equal to 1.8 

µg/dL with no evidence of other adrenal hormone excess. ACS development was diagnosed 

when serum cortisol post-DST was above 1.8 µg/dL at last visit in the absence of specific clinical 

features of overt Cushing´s syndrome [22]. 

Figure 23. Study population 

 

DST= dexamethasone suppression test; *Autonomous cortisol secretion was defined as post-DST serum 

cortisol above 1.8 µg/dL in the absence of specific clinical features of overt Cushing´s syndrome. 

 

 

Figure 1. Study population 

 

 

 

 

 

 

 

 

Patients with adrenal 

incidentalomas ≥1cm evaluated 

between 2013-2020 (n=1097) 

 

 

Non-functioning adrenal 

incidentalomas (n=305)  

 

Exclusion criteria 
Adrenal carcinoma (n=3); Primary aldosteronism (n=26); 

pheochromocytoma (n=7); Cushing´s syndrome (n=10) 

Autonomous cortisol secretion (n=337)* 

Missing values in DST at diagnosis (n=60) or follow-up 

(n=290) 

Unavailable radiological studies during follow-up (n=43) 

Follow-up period <12 months (n=16) 
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Radiological investigation 

In 185 patients, initial evaluation was performed with abdominal computed tomography 

(CT), in 60 with magnetic resonance imaging (MRI) and in 60 with both techniques. The 

maximum adenoma diameter was used as tumour size. For bilateral AIs, the size of the largest 

adenoma was included in the analyses [207]. CT was repeated during follow-up in 164 patients, 

MRI in 115 and both studies in 26. 244 patients were re-imaged with the same imaging 

technique used at presentation, and with a different one in 61. Significant tumour growth was 

defined as an increase greater than 20% from the baseline measurement and of at least 5 mm 

[23,189] Moreover, we reported the proportion of patients whose tumours grew more than 10 

mm [23]. 

 

Statistical analysis 

Categorical variables are expressed as percentages; quantitative variables are expressed 

as mean ± standard deviation or median and interquartile range [IQR] depending on the normal 

distribution of the variable. Odds ratios (with 95% confidence intervals) and mean differences 

were calculated as association measures. For variables following the normal distribution, we 

used Student’s t test to compare differences between two groups. Pearson’s correlation 

coefficients (r) were used to evaluate correlations between continuous variables. The chi-square 

test was performed for the comparison of categorical variables between independent groups. 

Predictive factors of ACS progression were identified by COX regression model. Nonparametric 

ROC curve analysis was used to determine the diagnostic accuracy of serum cortisol post-DST 

concentrations for the prediction of ACS progression in NFAIs. All statistical analyses were 

performed with STATA.15. In all cases, a two-tailed P value <0.05 or a hazard ratio (HR) with 95% 

confidence interval not including the null hypothesis, were considered statistically significant.  

 

Results 
 

Baseline characteristics 

A total of 305 patients with NFAIs met inclusion criteria. At presentation, 24.4% (43/176) 

of NFAIs had ACTH below 10 pg/ml. 24h-UFC was within reference ranges in all patients. Baseline 

characteristics are described in Table 26.  
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Table 26. Baseline characteristics of study population (n=305) 

Variable Value 

Age (years) 61.5±10.2 

Any ACS-related comorbidities 76.4% 

Hypertension 47.2% 

Type 2 diabetes mellitus 24.3% 

Dyslipidaemia 46.9% 

Obesity 39.3% 

Cardiovascular disease 9.8% 

Cerebrovascular disease 2.0% 

Fasting plasma glucose (mg/dl) 105.9±5.87 

HbA1c (%) (n=110) 6.6±5.87 

LDL-c (mg/dl) (n=225) 119.2±35.39 

HDL-c (mg/dl) (n=225) 52.4±15.69 

Triglycerides (mg/dl) (n=278) 115.5±55.34 

1mg DST (µg/dl) 1.2±0.4 

24h-UFC (µg/24h) (n=142) 44.1 ± 81.25 

ACTH (pg/ml) (n=176) 19.1 ±13.54 

DHEAS (µg/dl) (n=183) 530.6 ±604.43 

Bilateral tumours 20.1% 

Tumour size (mm) (n=380) 18.3±7.33 

DST= dexamethasone suppression test; DHEAS= dehydroepiandrosterone-sulphate (reference range was 
sex and age dependant); 24h-UFC=24 hours urinary free cortisol; For ACTH and UFC different reference 
ranges were used depending on the local laboratory of the different hospitals. 

 

ACS development during follow-up 

After a median follow-up of 41.3 [IQR 24.7-63.1] months, 32 patients (10.5%) developed 

ACS. No patient developed overt Cushing´s syndrome. The incidence rate of ACS in NFAIs was of 

19.3 cases/10.000 patient-year; and 60% of the cases occurred during the initial 5 years of 

follow-up. However, the other 40% of cases developed ACS afterwards. Patients with higher 

serum cortisol post-DST values at presentation had an increased risk of ACS development (Table 

27 and Figure 24). Serum cortisol post-DST experienced a greater increase during follow-up 

compared to baseline values in patients with NFAIs that developed ACS than in those that 

continued to suppressed cortisol below 1.8 µg/dl after the DST (0.8±0.56 vs 0.0±0.34 µg/dL, 

P<0.0001). Age and serum cortisol-post DST presented a positive, although weak, linear 



 

171 
 

correlation (r=0.16, P=0.006) (Figure 25). This correlation is clear when data is analyzed 

stratifying patients by age groups: <50, 50-59, 60-69, 70-79 and >80 years (Figure 19). Serum 

cortisol post-DST at diagnosis was the best predictor of ACS development during follow-up, 

almost doubling the risk at 0.45 µg/dL increments (Table 28). The area under de ROC curve (AUC) 

of serum cortisol post-DST at diagnosis for the prediction of ACS development was 0.69 [95% CI 

0.63, 0.74]; and the best threshold to predict ACS development was 1.4 µg/dl (sensitivity 59.4% 

and specificity 72.0%). Age was a poor predictor for ACS development during follow-up (AUC 

0.55). No statistically significant differences were found in tumour growth during follow-up 

between NFAIs that developed ACS and those that did not (1.9±7.6 vs 0.1±4.2 mm, P=0.321). 

 

Table 27. Risk factors of ACS development in NFAIs (n=305) 

Variable HR [95% CI], p value 

Female sex 0.56 [0.24, 1.28]; p=0.155 

Age at diagnosis (years) 1.04* [1.00, 1.08]; p=0.065 

ACS related comorbidities 1.42 [0.54, 3.75]; p=0.464 

1mg DST (µg/dl) 6.44* [1.88, 22.05]; p=0.001† 

UFC (µg/24h) 1.00* [0.98, 1.03]; p=0.609 

ACTH (pg/ml) 0.99* [0.94, 1.04]; p=0.664 

DHEAS (µg/dl) 1.00* [1.00, 1.00]; p=0.897 

Tumour size (mm) 0.99* [0.93, 1.04]; p=0.627 

Bilaterality 1.35 [0.51, 3.56]; p=0.560 

DST= dexamethasone suppression test; DHEAS= dehydroepiandrosterone-sulphate; UFC= urinary free 
cortisol. *Per each increased unit  

 

Table 28. Incidence of ACS development based on the serum cortisol post-DST level at diagnosis 

(follow-up time: 41.3 [IQR 24.7-63.1] months) 

 

DST= dexamethasone suppression test. MH Test for linear Trend: Chi2(1) = 10.65 (P= 0.0011) 

 

 

 

 

 

DST Group Cases Cumulative incidence [95% CI] 

≤0.45µg/dL 0/5 0.00 [0.00-0.43] 

0.45-0.9µg/dL 4/83 0.05 [0.02-0.12] 

0.9-1.35µg/dL 9/117 0.08 [0.04-0.14] 

1.35-1.8µg/dL 19/100 0.19 [0.13-0.28] 

Total 32/305 0.10 [0.08-0.14] 
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Figure 24. Evolution of the DST at diagnosis and at last visit in patients who developed ACS 

 

The values of cortisol post-DST at diagnosis and in last visit in patients with NFAI who developed ACS are 
described in the table and figure, including the mean value (red marker) in each moment 

 

 

Figure 25. Association between age and DST values 

                         

DST: dexamethasone suppression test; DST levels increased by age: mean levels by groups were the 
following: <50yo (1.0±0.32 µg/dl), 50-60yo (1.1±0.38 µg/dL), 60-70yo (1.2±0.36 µg/dL), 70-80yo (1.2±0.37 
µg/dL) and >80yo (1.2±0.43µg/dL) 

 

 

Figure 2. Evolution of the cortisol post-DST at diagnosis and at last visit in patients who 

developed ACS 

 

            

The values of cortisol post-DST at diagnosis and in last visit in patients with NFAIs who developed ACS are described 
in the table and figure, including the mean value (red marker) in each moment 
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Cardiometabolic profile during follow-up 

A total of 53 patients developed one or more new comorbidities during follow-up. The 

most common incident cardiometabolic disease was dyslipidemia in 20.6% (n=30) followed by 

hypertension in 11.0% (n=16), obesity in 7.1% (n=10) and type 2 diabetes mellitus in 5.7% (n=12). 

Only four patients experienced new cardiovascular events and one patient an acute stroke. No 

clinical or hormonal predictors for the development of comorbidities were identified. We did 

not find differences in the risk of developing comorbidities between patients with NFAIs who 

remained hormonally stable and those progressing to ACS (P=0.775) (Suppl. Material Table S9). 

Neither in their grade of control during follow-up (P>0.05 for differences in plasma glucose, 

HbA1c, cholesterol, LDL-c, HDL-c, triglycerides, and blood pressure changes during follow-up 

between groups). However, we found that cortisol post-DST levels at diagnosis were significantly 

higher in patients with hypertension (1.24±0.36 vs 1.11±0.36 µg/dL, P=0.001), type 2 diabetes 

mellitus (1.28±0.36 vs 1.14±0.37 µg/dL, P=0.004), dyslipidaemia (1.24±0.37 vs 1.11±0.36 µg/dL, 

P=0.002) or cerebrovascular event (1.54±0.38 vs 1.16±0.36 µg/dL, P=0.014).  

Table S9. Differences in the risk of developing cardiometabolic comorbidities between patients 

with AIs developing ACS and remaining suppressible during follow-up. 

NFAI remaining 

suppressible 

(n=273) 

NFAI progressing to 

ACS (n=32) 

HR [95% CI], p value 

Development of 

comorbidities (any)1 

15.0% (n=41/273) 25.0% (n=8/32) 1.14 [0.48-2.70], 

p=0.775 

Development of 

hypertension2 

9.7% (n=13/134) 27.3% (n=3/11) 1.80 [0.51-6.39], 

p=0.393 

Development of type 

2 diabetes mellitus2 

5.2% (n=10/191) 9.5% (n=2/21) 1.65 [0.36-7.66], 

p=0.543 

Development of 

dyslipidaemia2 

20.0% (n=26/130) 25.0% (n=4/16) 0.86 [0.25-2.85], 

p=0.792 

Development of 

obesity2 

6.3% (n=8/127) 15.4% (n=2/13) 0.86 [0.10-7.29], 

p=0.887 

ACS: autonomous cortisol secretion (cortisol post-DST >1.8µg/dL); HR= hazard ratio; NFAI, non-
functioning adrenal incidentaloma. The risk of developing cardiovascular and cerebrovascular events 
could not be calculated due to the low number of events 

1In the denominator, all patients that did not have all the comorbidities at diagnosis (hypertension, type 
2 diabetes mellitus, dyslipidaemia, obesity and cardiovascular and cerebrovascular disease) were 
considered 

2In the denominator, only patients who did not have the comorbidity under study at diagnosis were 
included 
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Tumour growth during follow-up 

During the observational period, the mean tumour growth was 0.3±4.70 mm. Significant 

tumour growth (>20% and at least 5 mm in maximum diameter) was observed in 10 patients 

(5.2%). The median growth among these tumours was 14.0±8.28 mm. There were 7 patients 

with AIs that grew more than 10 mm during follow-up; one of which underwent adrenalectomy. 

This patient presented with bilateral AIs of 25 mm with low opposition in phase signal in the MRI 

that grew 16 mm over 35 months, developed atypical radiological features during follow-up; and 

upon resection was diagnosed of metastases from colon cancer. There were no differences in 

follow-up time between patients with tumours that did and did not grow significantly (60.8±52.6 

vs 49.0±32.3 months, p=0.494). Female sex was the only baseline feature associated with 

tumour growth (Table 29). The risk of significant tumour growth (>5mm) was 10.5% in women 

and 1.0% in men.  

Final tumour size was strongly correlated with initial (r=0.78, p=0.012) and diagnosis and 

last-visit serum cortisol post-DST levels (r=0.15, p=0.02 and r=0.13, p=0.039, respectively). ACS 

was developed during follow-up in 20.0% of tumours that demonstrated significant growth; and 

in 10.4% of tumours that remained stable in size, but differences were not statistically significant 

(P=0.388). 

 

Table 29. Risk factors of tumour growth in NFAIs (n=305) 

Variable HR [95% CI], p value 

Female sex 10.71 [1.34, 85.71]; p=0.004† 

Age at diagnosis (years) 1.05* [0.97, 1.12]; p=0.201 

1mg DST (µg/dl) 4.12* [0.54, 31.51]; p=0.152 

24h-UFC (µg/24h) 0.99* [0.91, 1.07]; p=0.783 

ACTH (pg/ml) 0.93* [0.79, 1.11]; p=0374 

DHEAS (µg/dl) 1.00* [0.99, 1.00]; p=0.132 

Tumour size (mm) 0.94* [0.84, 1.05]; p=0.224 

Tumour size <25 mm 0.29 [0.08, 1.05]; p=0.076 

Bilaterality 1.64 [0.34, 7.90]; p=0.558 

DST= dexamethasone suppression test; DHEAS= dehydroepiandrosterone-sulphate; 24h-UFC= 24hours 
urinary free cortisol; *Per each increased unit. 
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Discussion 
 

In this large multicentre retrospective observational study, 10.5% of NFAIs developed 

ACS and 5.2% grew significantly over a mean follow-up time of 41.3 months. Higher serum 

cortisol post-DST levels was found to be associated with ACS development; female sex was 

found to be associated with tumour growth; and serum cortisol post-DST levels were found to 

be linearly correlated with tumour size. 

ACS, defined as serum cortisol post-DST greater than 1.8 µg/dl, was developed in 10.5% 

of NFAIs during follow-up. Results of previous studies are difficult to summarize as several 

different diagnostic criteria for ACS development, follow-up time and cohort selection criteria 

have been used. Nonetheless, the rate of ACS in our study is within the expected range [257–

259]. No patients developed overt Cushing´s syndrome in our series, which is also consistent 

with the very low rates reported in previous studies [164,260]. In this study, no statistically 

significant differences were observed in the risk of developing cardiometabolic comorbidities 

during follow-up between patients who developed ACS and patients who did not. However, this 

is probably a consequence of several factors: 1) a type 2 error, due to low rates of ACS and 

cardiometabolic comorbidities development; and 2) short follow-up period, as the development 

of comorbidities is likely directly associated not only with the serum cortisol post-DST level but 

also with the time of exposure. Several previous studies, however, have observed an increased 

cardiometabolic risk in patients with AIs and ACS [54,197]. Our data supports this association as, 

despite lack of statistically significant differences, a higher proportion of new comorbidities in 

patients who progressed to ACS than in patients who remained suppressible after DST was also 

observed (supp table S9). Furthermore, the prevalence of hypertension, type 2 diabetes mellitus 

and dyslipidemia in the entire cohort of this study was significantly lower than in the 337 

patients excluded for meeting criteria for ACS at presentation (supplementary material Table 

S10). Thus, because most cases developing ACS do so during the initial 5 years of follow-up (60% 

in this study), it seems reasonable to monitor NFAIs with 1mg-DST during this period. This might 

not be cost-effective, however, in the elderly with adequate serum cortisol suppression after 

1mg DST at presentation.  
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Table S10. Differences in baseline characteristics of patients with non-functioning adrenal 

incidentalomas (entire cohort of the present study) and 337 patients excluded from the study 

for meeting diagnostic criteria of autonomous cortisol secretion   

 NFAI1 (n=305) ACS2 (n=337) P value 

% females 55.4 57.6 0.517 

Age at diagnosis (years) 61.5±10.2 65.0 ±10.6 0.008 

BMI (kg/m2) 29.3 ±7.7 29.5 ±6.3 0.841 

Hypertension (%) 47.2% 64.6 0.000 

Type 2 diabetes mellitus (%) 24.3% 32.1 0.031 

Dyslipidaemia (%) 46.9% 56.2 0.038 

Obesity (%) 39.3% 37.6 0.325 

Cerebrovascular disease (%) 2.0% 3.2 0.343 

Cardiovascular disease (%) 9.8%  15.0 0.051 

Fast plasma glucose (mg/dl)  105.9±5.87 112.3 ±35.6 0.007 

HbA1c (%)  6.6±5.87 6.5 ±1.4 0.832 

LDL-c (mg/dl)  119.2±35.39 114.7 ±36.2 0.186 

HDL-c (mg/dl)  52.4±15.69 51.1 ±14.9 0.363 

Triglycerides (mg/dl)  115.5±55.34 119.3 ±61.4 0.441 

1mg DST (µg/dl)  1.2±0.4 3.9 ±4.6 <0.0001 

UFC (µg/24h) 44.1 ± 81.25 63.6 ±89.9 0.046 

ACTH (pg/ml)  19.1 ±13.54 15.5 ±20.2 0.040 

DHEAS (µg/dl)  530.6 ±604.43 315.8 ±372.5 <0.0001 

Night salivaly cortisol  2.8±2.3 8.1±27.1 0.085 

Tumour size (mm) 18.3±7.33 24.6±10.8 <0.0001 

Phase opposition in MRI, %  92.5 82.1 0.037 

Tumour rich in lipidic content (%)  89.6 83.4 0.909 

ACTH= adrenocorticotropic hormone; DHEA-S= dehydroepiandrosterone sulphate; UFC= urinary free 
cortisol. ACS definition was based on a serum cortisol post-1mg dexamethasone suppression test greater 
than 1.8 µg/dL without specific signs of Cushing´s syndrome. 

1: cohort of the present study 

2: Patients excluded for the present study (see Figure 1 of the manuscript) for meeting diagnostic criteria 
for ACS (1mg-DST >1.8 µg/dL) 

 

Identifying which patients are going to progress to ACS would allow individualizing 

follow-up. In this study, higher serum cortisol post-DST levels were associated with ACS 

development. ACS diagnosis is often challenging, and the best diagnostic threshold is still 

unclear. This is a consequence of autonomous cortisol secretion being a continuum that DST is 

unable to characterize in its milder forms. Thus, lower thresholds are more sensitive but less 

specific than more stringent criteria. Nonetheless, an increased cardiovascular risk has been 

observed even for patients with NFAIs, i.e. with serum cortisol post-DST equal to or below 
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1.8µg/dl, in previous studies [55]. This might reflect the impact of mild glucocorticoid excess, 

that is currently unrecognized. Supporting this hypothesis, our study found that patients with 

cardiometabolic comorbidities had higher serum cortisol post-DST values than those without 

comorbidities. Moreover, patients with DST values closer to the ACS diagnostic threshold (1.8 

µg/dL) were at increased risk for ACS development. However, these observations need further 

validation. Urinary steroid profiling could proof helpful in identifying these patients earlier in the 

future [138]. Until then, we think the serum cortisol post-DST levels at presentation could be 

used to individualize follow-up of patients with NFAIs as described in Table 30. Measuring serum 

dexamethasone along with serum cortisol during might help identify false positive results of the 

test that are due to impaired dexamethasone absorption or accelerated metabolism of the drug. 

DHEAS, UFC and ACTH levels could also be repeated during follow-up when changes in DST 

values are detected. If serum cortisol post-DST levels continue stable and below 1.8 µg/dL after 

5 years of follow-up, it seems reasonable to stop looking for ACS. However, periodic evaluation 

of other cardiometabolic factors might need to be continued given the increased risk in patients 

with NFAIs. 

Table 30. Proposed follow-up for NFAIs based on serum cortisol post-DST levels at diagnosis 

DST VALUE AT 

DIAGNOSIS 

RISK OF ACS IN 

FIVE YEARS 

SUGGESTED FOLLOW-UP RECOMMENDATION 

<0.9 µg/dl 5.8% DST 5 years after diagnosis* 

0.9-1.45 µg/dL 7.1% DST every 2.5 years after diagnosis for 5 years* 

1.45-1.8 µg/dL 19.8% DST yearly after diagnosis for 5 years* 

*Consider measuring ACTH, UFC and/or DHEAS depending on their values at diagnosis. Risk refers to the

follow-up period of this study (41.3 [IQR 24.7-63.1] months) 

Older age was also found to be associated with higher serum cortisol post-DST levels in 

patients with AIs. It is possible that AIs with mild unrecognized hypercortisolism have had longer 

time to progress in some older patients, and thus are closer to become apparent by impairing 

the DST results. This is also supported by the fact that as follow-up time increases, the 

proportion of NFAIs developing ACS is higher. Other studies identified tumour size [189,261], 

bilaterality and low/suppressed ACTH values [189] to be predictive factors of ACS development 

in NFAIs. We did not find such association, but our results could suffer from a type 2 error given 

the low number of events. 
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During follow-up, 5.2% of tumours grew at least 5 mm and 2.3% grew more than 10 mm, 

which is within the expected range, as confirmed by a recent meta-analysis [164]. We did not 

find differences in the risk of growth according to the tumour size at presentation. A previous 

meta-analysis, however, found NFAIs of 25 mm or larger to have a lower risk of growth than 

smaller tumors, suggesting that AIs might grow until they reach a quiescent state [164]. To our 

knowledge, no other previous clinical study has identified female sex as a risk factor for tumour 

growth. However, as in other tumours, oestradiol enhances the progression and migration of 

endothelial cells in adrenal tumours [262]. In fact, the proliferation rate in steroidogenic cells of 

female rats is 6.3-fold higher than in male rats [263,264].The correlation between serum cortisol 

post-DST levels and tumour size has been described previously in several studies [202,207,265]. 

We were unable to demonstrate an increased risk of ACS development in patients experiencing 

tumour growth during follow-up, but again the study could be suffering from a type 2 error, 

because serum cortisol post-DST levels were linearly correlated with the size of the AIs.  

As reported in previous studies, the risk of malignancy in NFAIs with characteristics of 

adenoma on imaging studies is negligible despite growth [164]. This data supports the 

ESE/ENSAT recommendations of not repeating radiological studies in AIs that measure less than 

4 cm and look benign on imaging studies as the risk of malignant transformation is anecdotal. 

On the other hand, in AIs larger than 4 cm, a single radiological re-evaluation in 6-12 months 

might be enough to completely rule out malignancy [23]. 

Our study has some limitations, starting with the retrospective design which limits the 

quality of the data; and does not allow establishing causality. The cohort likely suffers from 

selection bias, as all patients included in the study were evaluated at Endocrine departments of 

tertiary academic institutions. The follow-up period might be too short for some patients. We 

excluded patients with less than 1 year of follow-up, and the mean follow-up time of the study 

cohort was <5 years (41 months). Considering that we observed ACS development continuously 

during follow-up, it is likely that some AIs that will develop ACS in the future were analysed 

within the non-functioning group, potentially leading to an underestimation of patients 

developing ACS and diluting differences between groups. Thus, prospective studies with longer 

follow-up data are needed to confirm our observations. Some patients (n=61) were re-imaged 

using a different imaging technique than the one used at presentation which could lead to under 

or overestimation of incidentaloma’s growth. However, to minimize this limitation, we only 

considered changes in tumour size greater than 20% to be significant. Moreover, we have not 

evaluated the cost effectiveness of our proposed approach of follow-up, which needs 

prospective validation.  
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Conclusions 
Re-evaluation of NFAIs with DST for at least 5 years seems appropriate given that most 

cases of ACS development occur during this period. However, the frequency of such evaluation 

can be probably tailored to the serum cortisol post-DST level at presentation. Re-evaluation of 

NFAIs with imaging studies, on the other hand, seems unnecessary, particularly if the initial 

imaging demonstrates features specific of typical adenoma, given the low rates of tumour 

growth. 
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CAPÍTULO 8: Predictive Model for Autonomous Cortisol 

Secretion Development in Non-Functioning Adrenal 

Incidentalomas. 
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Abstract: 

Purpose: We aimed to develop a predictive model able to stratify patients with non-functioning 

AIs according to their risk of developing autonomous cortisol secretion (ACS) during follow-up. 

Methods: This was a retrospective study of patients with non-functioning AIs consecutively 

evaluated at a single institution between 2013 and 2019 in whom hormonal follow-up 

information was available for at least one year. Clinical, biochemical, and radiological features 

were used to build a multivariate Cox regression model using the estimation of all possible 

equations. 

Results: We included 331 patients with non-functioning AIs. ACS (post-dexamethasone 

suppression test (DST) serum cortisol >1.8µg/dL) developed in 73 patients during a median 

follow-up time of 35.7 months [range 12.8-165.4]. The best predictive model for ACS 

development during follow-up combined age, post-DST serum cortisol, and bilaterality at 

presentation, and showed good diagnostic accuracy (AUC-ROC 0.70 [95%CI 0.65-0.75]). The 

lowest risk for ACS development was found among patients <50 years-old with cortisol post-DST 

values <0.45µg/dL and with unilateral tumours (risk 2.42%). Baseline post-DST serum cortisol 

levels at diagnosis were the most important factor for the development of ACS during follow-up 

(hazard ratio 3.56 for each µg/dL, p<0.001). The rate of ACS development was associated with 

post-DST cortisol levels, being 19.2, 32.3 and 68.1 cases/10000 person-year for patients with 

baseline post-DST cortisol <0.9µg/dL, 0.9-1.3µg/dL, and >1.3µg/dL, respectively. 

Conclusion: After ruling out malignancy, follow-up visits in patients <50 years-old with unilateral 

non-functioning AIs and post-DST serum cortisol <0.45µg/dl could be spaced out, given the low 

risk of developing ACS during follow-up. 
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Introduction: 

 

Adrenal incidentalomas (AIs) are present in up to 10% of adult patients. The increasing 

use of diagnostic imaging tests is uncovering this reservoir of often asymptomatic disease. In 

fact, AIs are currently one of the most frequent consultations in outpatient endocrine clinics 

[266,267]. The initial evaluation of newly diagnosed patients focuses on the benign or malignant 

nature of the lesion, on the one hand, and its functionality, on the other. The malignant nature 

of AIs may be usually established through radiological features [216]; thus, it is seldom 

diagnosed during follow-up of adrenal lesions that were initially classified as benign [23]. Overt 

secretory adrenal syndromes are also relatively easy to diagnose through recommended initial 

hormonal evaluation. 

However, identifying mild hypersecretion of adrenal steroids is often challenging. In this 

regard, the most frequently found hormonal hypersecretion in AIs is autonomous cortisol 

secretion (ACS), which can be found in up to 20-50% of AIs [59]. ACS is defined as the biochemical 

evidence of cortisol excess, in the absence of "specific" clinical signs of Cushing's Syndrome [73]. 

ACS, however, has been associated with increased cardiometabolic risk and mortality [100,105]. 

Approximately 5% of AIs initially characterized as non-functioning develop ACS during follow-up 

[164]. However, this rate depends on the post-dexamethasone suppression test (DST) serum 

cortisol threshold set to define ACS, ranging between 0% if the threshold is set at 5.0 µg/dl [165], 

and 28% if the threshold is set at 1.8µg/dl [166]. None of the clinical, biochemical, or radiological 

features currently used in clinical practice are able to predict the development of ACS in non-

functioning AIs. Consequently, periodic evaluation with 1mg overnight DST during long-term 

follow-up should be considered even in non-functioning AIs [23]. 

Early identification of ACS development risk in non-functioning AIs would allow a more 

efficient use of healthcare resources. Currently, although some features such as tumour size and 

bilaterality have been associated with a higher risk of ACS [9], there is no single clinical, 

biochemical, or radiological finding able to predict ACS development in non-functioning AIs. This 

study aimed at developing a prediction model for the risk of developing ACS during follow-up in 

non-functioning AIs using available clinical, biochemical, and radiological features. In particular, 

we aimed at identifying those patients at very low risk for developing ACS who could benefit 

from less intense follow-up and even early discharge. 
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Methods: 

 

Study design 

This was a retrospective inception cohort study of patients with non-functioning AIs with 

at least one year of follow-up at our centre. The predictive model was developed and tested 

with data from the ADRENAL INCIDENTALOMA registry at Hospital Universitario Ramón y Cajal 

(Madrid, Spain). The registry included data from all patients with AIs consecutively evaluated at 

our centre with a DST between January 2013 and August 2019. Patients were identified by 

searching of all post-DST serum cortisol assays conducted at the Department of Biochemistry 

during the study period. Medical records of all patients were reviewed.  

Patients with AIs who did not present any of the following exclusion criteria at diagnosis 

were enrolled in the study: i) hereditary syndromes associated with adrenal tumours (Li-

Fraumeni, MEN1, MEN2 and Von Hippel Lindau); ii) treatment with glucocorticoids within the 3 

months prior to the DST, iii) pregnant women or women receiving oral hormonal contraceptives 

within 6 weeks before the DST, iv) radiological features suspicious for malignancy (necrosis, 

irregular margins or size > 6 cm without adenoma/myelolipoma characteristics), vi) evidence of 

overt hormone excess syndromes (Cushing´s syndrome, primary aldosteronism, 

hyperandrogenism, or pheochromocytoma) or adrenocortical carcinoma or vii) non-functioning 

AIs in whom hormonal (including at least one determination of cortisol post-DST) follow-up 

information for shorter than one year was available or unavailable DST during follow-up (Figure 

26). Data from patients meeting enrolment criteria were extracted and entered into a RedCap® 

database that has validation of data entry. The study was approved by the local Ethics 

Committee of the Hospital Universitario Ramón y Cajal and Hospital Universitario La Princesa 

(approval date: 23th September 2019, acta CEIm 10/19). 

 

Clinical definitions 

AI was defined as an asymptomatic adrenal lesion, equal to or greater than 1 cm, that 

was incidentally detected during imaging tests performed for unrelated indications and not 

during the extension study of an extra-adrenal primary cancer [23]. The definitions of 

hypertension, type 2 diabetes, obesity, dyslipidaemia and cardiovascular and cerebrovascular 

disease were previously described [206] and adhere to current diagnostic standards. 

A non-functioning AI was defined as an AI with post-DST serum cortisol ≤ 1.8µg/dL with 

no evidence of other adrenal hormone excess. ACS development refers to AIs in which post-DST 
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serum cortisol >1.8 µg/dL were evidenced during hormonal follow-up evaluation, in the absence 

of specific clinical features of overt Cushing´s syndrome. 

 

Figure 26. Study population 

 

ACS, autonomous cortisol secretion; DST, dexamethasone suppression test; HURC, Hospital Universitario 

Ramón y Cajal; NFAI, non-functioning adrenal incidentalomas; *238 out of the 331 patients had at least 

two determinations of DST during follow-up 

 

 

Biochemical and hormonal study 

At study entry, all AIs patients were evaluated with at least DST and urinary 

metanephrines. Other hormones such as serum cortisol, adrenocorticotropic hormone (ACTH), 

dehydroepiandrosterone sulphate (DHEA-S), late-night salivary cortisol and 24-urinary free 

cortisol (UFC) were evaluated in some patients at the discretion of the attending physician. 

Aldosterone/renin ratio was also evaluated in hypertensive or hypokalemic patients; and 17-

hidroxyprogesterone and serum basal cortisol concentrations served to rule out non-classic 

congenital adrenal hyperplasia and adrenal insufficiency, respectively, in patients presenting 

with bilateral AIs. 

Moreover, patients underwent routine biochemical profiles after an overnight fast, at 

the initial evaluation and at the last follow-up visit. Fasting glucose, total, LDL and HDL 

cholesterol levels, and triglyceride concentrations were also evaluated. HbA1c was measured in 

some patients at the discretion of the treating physician depending on glucose concentrations 

and on the diagnosis of diabetes. 

 

 

Figure 1. Study population 

 

 

 

 

 

 

 

Patients with adrenal incidentalomas evaluated 

between 2013-2019 at HURC (n=730) 

 

 

NFAI (n=331)*  

 

 

Exclusion criteria 

• Adrenal carcinoma (n=2) 

• Primary hyperaldosteronism (n=12) 

• Pheochromocytoma (n=4) 

• Cushing´s syndrome (n=2) 

• ACS (n=231) 

• NFAI with follow-up <1 year (n=64) 

• Unavailable DST during follow-up 

(n=83) 
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Laboratory assays 

The following assays were used: serum and urine cortisol were measured by 

immunochemiluminescence assays in Architect i2000 systems (Abbott Diagnostics) with intra-

assay coefficient of variation (CV) <10%; the normal range for serum cortisol was 3,7 – 19,4 µg/dl 

and for urine cortisol was 140 µg/24h. ACTH was measured by immunochemiluminescence in 

Immulite 2000 system (Siemens) and, after 2019, in Liaison XL system (Diasorin), with intra-assay 

CVs <10%; the normal range for ACTH was 9-46 pg/ml in Immulite systems and 4.7-48.8 pg/ml 

in Liaison XL systems. DHEA-S was measured by immunochemiluminescence assay in Immulite 

2000 system with intra-assay CV <15%; the normal range was established by sex and age 

(Females: 18-24 years 150-3402 ng/ml, 25-34 years 150-2982 ng/ml, 35-49 years 150-2582 

ng/ml, 50-59 years 260-2000 ng/ml, 60-69 years 130-1300 ng/ml and 70-79 years 170-900 

ng/ml. Males: 20-29 years 2800-6400 ng/ml, 30-39 years 1200-5200 ng/ml, 40-49 years 950-

5300 ng/ml, 50-59 years 700-3100 ng/ml, 60-69 years 420-2900 ng/ml and 70-79 years 280-1750 

ng/ml). Late night salivaly cortisol levels were measured in Cobas 6000 (Roche) by 

electrochemiluminescence with intra-assay CV <10% and normal range < 5.74 nmol/L. 

Radiological study 

Abdominal computed tomography (CT) and/or magnetic resonance imaging (MRI) were 

available in all patients at diagnosis. The maximum adenoma diameter was used as tumour size. 

The lipid content of adrenal adenomas and the presence of unilateral or bilateral tumours were 

registered. For bilateral AIs, the size of the largest adenoma was included in the analyses. 

Statistical analysis 

All statistical analyses were conducted with STATA.15. Shapiro Wilk´s test was used to 

assess normality of continuous variables. Categorical variables were expressed as percentages 

and absolute values; continuous variables were expressed as mean ± standard deviation or 

median and interquartile range (IQR) or range depending on the normal distribution of the 

variable. Follow-up time was considered counting from the date of the diagnosis of AIs up to the 

last visit in patients not developing ACS, or to the date of ACS development (follow-up data was 

last updated on March 30th, 2021). An actuarial method (life-table method) was used for the 

estimation of the failure curve (using intervals of 12 months, ACS development was considered 

failure) and hazard function that represents the conditional ACS development rate of patients 

with non-functioning during follow-up. Failure curves between the group of DST >1.3µg/dL and 

≤1.3µg/dL were compared with the Mantel-Cox test. 
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The predictive model was developed using a multivariate Cox regression model. The 

selection of the predictors for the model was based on the results of the univariate Cox 

regression model to predict ACS development during follow-up in non-functioning AIs (p < 0.2), 

and on previous literature reports. Only variables with less than 30% of missing values were 

considered to enter in the predictive model. Collinearity among independent predictive 

variables was discarded (Variance inflation factor (VIF) lower than 1.5 for all predictors). 

Proportional-hazard assumption was checked for categorical variables using stratified analysis. 

The estimation of all possible equations was used to select the model with the best diagnostic 

accuracy (lower Akaike index (AIC) and maximum C Harrell index. Non-parametric ROC curves 

were constructed to the maximum and selected model, and validity indexes were calculated for 

the selected model. 

 

Results: 
 

Baseline characteristics 

A total of 730 patients were consecutively evaluated during the study period (estimated 

annual incidence of 104.3 cases/year). At presentation, 478 patients had non-functioning AIs 

(65.5%); 231 (31.8%) had ACS; 12 (1.6%) had primary hyperaldosteronism; 4 (0.5%) had 

pheochromocytoma; 2 (0.3%) had overt Cushing’s syndrome; and 2 (0.3%) had an adrenal 

carcinoma (Figure 26). The prevalence of hypertension and dyslipidaemia was significantly 

higher in patients with ACS than in non-functioning AIs (Supplementary material, Table S11) 

Table 31 shows the baseline characteristics of patients with non-functioning AIs 

included for the development of the predictive model. The diagnosis of AIs in these patients 

with non-functioning AIs was made between 2006 and August 2019. 
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Table 31. Baseline characteristics of study cohort (n=331) 

 NFAI 

% females 59.5 

Age at diagnosis (years) 62.0 ±10.6 

BMI (kg/m2) 29.7 ±5.5 

Hypertension (%) 47.1 

Type 2 diabetes (%) 22.7 

Dyslipidaemia (%) 46.5 

Obesity (%) 42.0 

Cerebrovascular disease (%) 1.2 

Cardiovascular disease (%) 11.5 

Glucose (mg/dl) (n=330) 104.0±22.9 

HbA1c (%) (n=113) 6.0±0.8 

LDL-cholesterol (mg/dl) (n=249) 119.1 ±34.2 

HDL-cholesterol (mg/dl) (n=249) 53.4 ±15.9 

Triglycerides (mg/dl) (n=321) 108.6 ±51.8 

1mg DST (µg/dl) (n=331) 1.2 ±0.4 

UFC (µg/24h) (n=181) 37.5 ±22.3 

ACTH (pg/ml) (n=238) 20.4 ±23.8 

ACTH <10pg/ml (%) 24.4 

DHEAS (µg/dl) (n=222) 679.3±602.9 

Low adjusted age- and sex-DHEAS (%) 23.0 

LNSC (n=146) 3.5±5.4 

High LNSC (%) 7.5 

Bilateral tumours (%) 20.2 

Tumour size (mm) (n=311) 18.0±7.4 

Phase opposition in MRI, % (n=121) 93.4 

Tumour rich in lipidic content (%) (n=266) 88.0 

ACTH, adrenocorticotropic hormone; BMI, body mass index; 1mg DST, 1mg-dexamethasone suppression test; DHEAS, 
dehydroepiandrosterone sulphate; LNSC, late-nigh salivaly cortisol; UFC, urinary free cortisol. 
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Table S11. Baseline characteristics of patients with non-functioning adrenal incidentalomas and 
autonomous cortisol secretion   

 NFAI (n=478) ACS (n=231) P value 

% females 44.1 43.3 0.830 

Age at diagnosis (years) 62.7 ±10.8 65.0 ±10.6 0.008 

BMI (kg/m2) 29.6 ±5.3 29.5 ±6.3 0.841 

Hypertension (%) 47.5 66.2 0.000 

Type 2 diabetes (%) 25.6 27.7 0.137 

Dyslipidaemia (%) 46.4 56.7 0.012 

Obesity (%) 42.0 37.6 0.325 

Cerebrovascular disease (%) 1.5 1.3 0.861 

Cardiovascular disease (%) 10.9 14.9 0.255 

Fast plasma glucose (mg/dl) (n=707) 105.0±29.0 112.3 ±35.6 0.007 

HbA1c (%) (n=271) 6.1±0.9 6.5 ±1.4 0.012 

LDL-c (mg/dl) (n=510) 117.7 ±34.1 116.5 ±36.2 0.711 

HDL-c (mg/dl) (n=510) 53.2 ±15.7 50.9 ±15.1 0.119 

Triglycerides (mg/dl) (n=683) 109.6 ±52.2 116.5 ±60.3 0.128 

1mg DST (µg/dl) (n=709) 1.1 ±0.4 3.7 ±2.9 <0.0001 

UFC (µg/24h) (n=330) 35.3 ±21.6 55.2 ±89.4 0.018 

ACTH (pg/ml) (n=474) 20.8 ±22.1 16.8 ±23.1 0.064 

DHEAS (µg/dl) (n=422) 710.1±613.2 478.6 ±393.8 <0.0001 

Night salivaly cortisol (n=303) 3.4±4.8 8.1±27.1 0.085 

Tumor size (mm) 18.4±9.2 24.6±10.8 <0.0001 

Phase opposition in MRI, % (n=251) 91.0 82.1 0.037 

Tumor rich in lipidic content (%) 

(n=582) 

83.8 83.4 0.909 

ACTH= adrenocorticotropic hormone; DHEA-S= dehydroepiandrosterone sulphate; UFC= urinary free 

cortisol. ACS definition was based on a cortisol post-dexamethasone suppression test > 1.8 µg/dL 

without specific data of Cushing´s syndrome. 

 

Risk of developing ACS during follow-up 

After a median follow-up of 35.7 months [range 12.8-165.4], 73 (22.1%) out of 331 

patients with non-functioning AIs progressed to ACS. The rate of ACS development was 47.9 

cases/10000 person-year, being 19.2 cases/10000 person-year in patients with post-DST cortisol 

<0.9µg/dL, 32.3 cases/10000 person-year in patients with post-DST cortisol between 0.9 and 

1.3µg/dL, and 68.1 cases/10000 person-year in patients with post-DST cortisol >1.3µg/dL. New 

diagnoses of ACS occurred along the entire follow-up period, even after 10 years of follow-up in 

some cases. Nevertheless, most cases (76.7%) that developed ACS did so during the initial five 

years of follow-up (Figure 27). No differences were found in the time to ACS development in 

patients with post-DST cortisol levels above or below 1.3 µg/dL (P=0.226), neither when the 0.9 
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µg/dL (P=0.339) was considered. Only four patients in whom ACS developed had post-DST 

cortisol >5.0 µg/dL, with a median value of 5.9 µg/dL [range 5.6-6.2]. The mean value of post-

DST cortisol at recruitment in these four patients was 1.3±0.5µg/dL. No patient developed overt 

Cushing´s syndrome. The mean increase of cortisol post-DST for the entire follow-up time period 

in the cohort was 0.1±0.5µg/dL, being of 0.3±0.63µg/dL for the group of DST levels at diagnosis 

<0.9µg/dL, of 0.2±0.45 µg/dL for the group pf 0.9-1.3µg/dL and 0.0±0.47µg/dL for the group of 

DST >1.3µg/dL. Patients who had developed ACS had lower ACTH and DHEAS levels than those 

who remained hormonally stable (13.4±8.13 vs 16.9±12.5 mg/dl, P=0.038 and 433.7±289.1 vs 

758.3±856.2 µg/dl, P=0.025). No differences in UFC (P=0.404) and LNSC (P=0.379) were found 

between both groups.  

During follow-up, development of diabetes occurred in 4.4%, hypertension appeared in 

11.5%, dyslipidaemia in 24.3%, obesity in 4.6%, 1.2% had cardiovascular events, and 0.4% 

cerebrovascular events. Among the 86 patients without cardiometabolic comorbidities at 

presentation, 25.6% developed one or more comorbidities. No differences were found in the 

risk of developing cardiometabolic comorbidities between patients with non-functioning AIs 

who progressed to ACS and those who did not (Supplemental_Table S12). 

Figure 27. Risk of developing ACS during follow-up (months) 

Black squares represent cases of ACS development. Most of the cases of ACS ocurred in the first 5 years 

of follow-up, but there were some cases that took place even after ten years of follow-up. 
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Table S12. Differences in the risk of developing cardiometabolic comorbidities between AIs that 

progressed to ACS and those in whom serum cortisol remained suppressible below 1.9 µg/dL. 

 

 HR [95% CI], p value 

Development of comorbidities (any) 1.34 [0.75-2.41], p=0.333 

Development of hypertension 0.96 [0.31-2.95], p=0.945 

Development of type 2 diabetes 1.28 [0.33-4.96], p=0.725 

Development of dyslipidaemia 1.40 [0.69-2.85], p=0.360 

Development of obesity 1.65 [0.30-9.06], p=0.574 

 
NC= not available (no events occurred in the group that progressed to ACS); ACS: autonomous cortisol 

secretion (cortisol post-DST >1.8µg/dL); HR= hazard ratio. The risk of development of cardiovascular and 

cerebrovascular events was not calculable due to the low number of events 

 

Predictive model of ACS development in non-functioning adrenal incidentalomas. 

In the univariate analysis, the variables associated with the risk of developing ACS during 

follow-up were age, cardiovascular disease, post-DST serum cortisol, plasma ACTH and DHEA-S 

levels and AI bilaterality. Post-DST serum cortisol at diagnosis was the variable with the strongest 

association with ACS development (Table 32). This variable presented a positive linear 

association with ACS risk (MH test for linear trend: Chi2(1) = 26.2 [p= 0.0000]) (Suppl. 

Material_Table S13).  

The parsimonious predictive model with the highest diagnostic accuracy combined post-

DST serum cortisol, age and bilaterality (AIC 373.9; Harrell coefficient 0.693). The area under the 

ROC curve of this model was 0.703 (95%CI 0.640-0.767) (Figure 28). Cortisol post-DST levels at 

diagnosis was the most important determinant for the development of ACS during follow-up, 

with a hazard ratio (HR) of 3.56 for each µg/dL increase (p<0.001). In fact, the ROC curve of DST 

for the prediction of ACS development was close to the AUC of the predictive model (AUC 0.701, 

95% CI=0.637-0.765), being the threshold of 1.3 µg/dL the one with the highest diagnostic 

accuracy (Sensitivity 70%, Specificity 62%, Positive predictive value 0.37%, Negative predictive 

value 99%). In fact, the risk of ACS development was significantly higher in patients with cortisol 

post-DST >1.3 µg/dL than in those with values ≤1.3µg/dL (35.7% vs 14.8%, respectively; RR 2.41 

[1.61-3.60]; P value in Mantel-Haenszel analysis<0.001). Furthermore, the risk of developing ACS 

was even lower (7.5%) in patients that supressed cortisol below 0.9 µg/dl (n=86) on the initial 

DST. Those patients with DST >1.3µg/dl had a higher prevalence of hypertension at diagnosis 

(57.4% vs 41.7%, P=0.006) and a tendency to a greater prevalence of type 2 diabetes and 

dyslipidaemia (27.8 vs 19.9%, P=0.101 and 53.0% vs 43.1%, P=0.083, respectively). However, no 

differences in the risk of developing new comorbidities during follow-up were observed 
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between both groups (P values of HR >0.05). Regarding age we found a significant but weak 

positive correlation between age and DST levels (r=0.16, P=0.004), but age was an independent 

risk factor of ACS development (adjusted HR by DST levels=1.03 for each year, P<0.001). The 

lowest risk for ACS development was found among patients <50 years-old with cortisol post-DST 

values <0.45 µg/dL and with unilateral tumours (Table 33). 

 

Table 32. Univariate analysis for the risk of developing ACS during follow-up in non-functioning 

adrenal incidentalomas 

 HR [95% CI], p value 

Male sex 0.77 [0.48-1.26], p=0.294 

Age at diagnosis (years) 1.04* [1.01-1.06], p=0.002 

BMI (kg/m2) 0.99* [0.93-1.04], p=0.606 

Hypertension 1.23 [0.77-1.96], p=0.391 

Type 2 diabetes 1.30 [0.77-2.20], p=0.341 

Dyslipidaemia 1.00 [0.61-1.54], p=0.885 

Obesity  0.98 [0.92-1.04], p=0.413 

Cerebrovascular disease 0.91 [0.21-3.86], p=0.896 

Cardiovascular disease  1.18 [0.97-1.43], p=0.177 

1mg DST (µg/dl)  4.10* [1.93-8.74], p<0.001 

UFC (µg/24h)  0.99* [0.98-1.01], p=0.319 

ACTH (pg/ml)  1.01* [1.00-1.01], p=0.164 

ACTH <10pg/ml  0.99 [0.53-1.85], p=0.969 

DHEAS (µg/dl)  1.00* [1.00-1.00], p=0.049 

Low DHEAS adjusted by age and sex                       1.33 [0.71-2.50], p=0.388 

Late-night salivaly cortisol  1.03* [0.98-1.10], p=0.365 

Tumour size (mm) 1.00* [0.96-1.03], p=0.647 

Bilaterality 1.67 [0.96-2.88], p=0.080 

Phase opposition in MRI, 1.29 [0.17-9.56], p=0.794 

Tumour rich in lipidic content  0.99 [0.36-2.77], p=0.987 

 
ACTH, adrenocorticotropic hormones; BMI, body mass index; DHEAS, dehydroepiandrosterone sulphate; 

1mg DST, 1mg-dexamethaseone suppression test; UFC, urinary free cortisol. *For each unit 
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Table S13. Risk of ACS development according to the value in the post-DST serum cortisol at 

diagnosis (groups of <0.45µg/dL; 0.45-0.9µg/dL; 1.0-1.35µg/dL; 1.35-1.80µg/dL) 

Post DST 

cortisol 

 Cases Total Risk [95% CI] RR [95% CI] 

<0.45µg/dL  1 4 0.25 [0.05-0.70] 1 

0.45-

0.9µg/dL 

 4 88 0.05 [0.02-0.11] 0.18 [0.03-1.28] 

0.9-

1.35µg/dL 

 27 126 0.21 [0.15-0.29] 0.86 [0.15-4.83] 

>1.35µg/dL  41 113 0.36 [0.28-0.45] 1.45 [0.26-8.06] 

Total  73 331 0.22 [0.18-0.27]  

DST, dexamethasone suppression test. MH test for linear trend chi2(1)=27.21 (P<0.001); Deviation from 

linearity chi2(2)= 2.7 (P=0.259) 

 

Figure 28. Predictive model for the development of ACS in non-functioning AI during follow-up 

 

 

Based on the optimal cut-off in the ROC curve, the sensitivity was 67.7% (95% CI: 50.1-81.4%) and 

specificity 71.8% (95% CI 63.0-79.2%) 
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Table 33. Risk of ACS development (%) based on the predictive model 

UNILATERAL TUMOURS BILATERAL TUMOURS 

AGE (years) <50 50-60 60-70 70-80 >80 <50 50-60 60-70 70-80 >80

DST 

<0.45µg/dL 

2.42 

HR 1 

3.51 

HR 1.5 

5.09 

HR 2.1 

7.39 

HR 3.1 

10.7 

HR 4.4 

3.43 

HR 1.4 

4.98 

HR 2.1 

7.22 

HR3.0 

10.5 

HR 4.3 

15.2 

HR 6.3 

DST 0.45-

0.9µg/dL 

4.04 

HR 1.7 

5.86 

HR2.4 

8.5 

HR 3.5 

12.3 

HR5.1 

17.9 

HR 5.1 

5.72 

HR 2.34 

8.3 

HR 3.4 

12.0 

HR 5.0 

17.5 

HR 7.2 

25.4 

HR 10.5 

DST 0.9-

1.35µg/dL 

6.73 

HR 2.8 

9.77 

HR 4.0 

14.2 

HR 5.9 

20.6 

HR 8.5 

29.8 

HR 12.3 

9.54 

HR 3.9 

13.8 

HR 5.7 

20.1 

HR 8.3 

29.1 

HR 12.0 

42.3 

HR 17.5 

DST 1.35-

1.8µg/dL 

11.2 

HR 4.6 

16.3 

HR 6.7 

23.6 

HR 9.8 

34.3 

HR 14.2 

20.6 

HR 49.8 

15.9 

HR 6.6 

23.1 

HR 9.5 

33.5 

HR 13.8 

48.6 

HR 20.1 

70.5 

HR 29.1 

DST, dexamethasone suppression test; UFC, urinary free cortisol. The risk of ACS development for each 

combination of variables is described in each square, including the hazard ratio (HR).  The lowest risk of 

ACS development corresponds to patients with unilateral tumours, DST <0.45µg/dL and younger than 50 

years (risk=2.42% during the follow-up period (35.7±33.48 months), hazard ratio (HR)=1). The highest risk 

corresponds to the patients over 80 years old with bilateral adrenal incidentalomas and cortisol post-DST 

>1.35µg/dl (risk of ACS progression 70.5%, HR=29.1)

Discussion: 

Our predictive model for ACS development in non-functioning AIs showed a relatively good 

diagnostic accuracy (AUC 0.70); and found that patients younger than 50 years-old with 

unilateral non-functioning AIs with post-DST serum cortisol at diagnosis <0.45 µg/dL had the 

lowest risk for such development during follow-up. Moreover, the post-DST serum cortisol 

threshold with the highest diagnostic accuracy to predict ACS development was 1.3 µg/dl. 

After a median follow-up of 35.7 months, we documented ACS development in 73 of the 

331 patients with non-functioning AIs (22.1%); however only four patients (1%) developed ACS 

based on the stricter criteria recommended by the European Society for Endocrinology (ESE) 

adrenal incidentaloma guidelines (cortisol post-DST >5.0 µg/dL)[25]. This is within the reported 

range in previous studies, which is relatively broad (between 2% and 22%) due to differences in 

follow-up period and definition of ACS used in those studies [197,202,258,268]. Some studies 

[189] suggested that the risk of developing adrenal hyperfunction in non-functioning AIs peaks

at years 3-4 after the initial diagnosis. Our study supports this finding, as 77% of the patients 

who developed ACS did so within the initial five years of follow-up. However, other patients 
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continued developing ACS over time, thus the need for long-term follow-up of some non-

functioning AIs should be considered. 

Few studies have evaluated risks factors for ACS development, but their results also support 

that cortisol levels after DST tend to be higher in patients with non-functioning AIs who develop 

ACS during follow-up [189,268,269]. This is not surprising, as hypercortisolism in AIs is a 

continuous variable; and higher cortisol post-DST levels have been associated with increased 

cardiometabolic risk. Our data suggests that different management strategies can be established 

for patients with non-functioning AIs according to post-DST serum cortisol levels at diagnosis. In 

as many as 21% of patients with non-functioning AIs, post DST cortisol levels are <0.9 µg/dL, 

which is associated with very low risk for developing ACS. Hence, revaluation of these cases by 

repeated DST could be spaced out or even the discharge of the patient after the initial diagnosis 

may be considered. On the contrary, one in every four patients with post DST cortisol levels 

>1.3µg/dL develop ACS during follow-up. Therefore, these patients probably need yearly 

revaluation with DST at least during five years, which is the period of highest risk for developing 

ACS. Patients with post-DST cortisol concentrations between 0.9 and 1.3 µg/dL are at an 

intermediate risk for developing ACS, which occurs in around 15% of patients. We consider that 

a personalized follow-up of non-functioning AIs should be considered based mainly on the post-

DST cortisol concentrations, but also in the life expectancy of the patient, comorbidities and 

available health resources, taking into account the risks and benefits of maintaining follow-up, 

and the potential inconveniences for the patient of performing repeated tests during follow-up 

and the available treatment alternatives in the case of evidence of the development of ACS.  

Future studies will need to look for biomarkers that allow prompt identification of non-

functioning AIs that will develop ACS in a more precise way. In this regard, urinary metabolomics 

seems promising [138], and could contribute to explain the link between the higher 

cardiometabolic risk in some non-functioning AIS compared to the general population [55]. It is 

possible that incipient alterations in cortisol metabolism that are not detectable with classical 

studies explain such an association [138]. 

Regarding the prevalence and risk of ACS-related comorbidities in patients with non-

functioning AIs, we have found that those patients with post-DST cortisol concentrations above 

1.3µg/dL had a significant higher prevalence of hypertension and a tendency to a greater 

prevalence of type 2 diabetes and dyslipidaemia, but not differences in the risk of incident 

comorbidities. These results are in accordance with the described by other authors in non-

functioning AIs [141][270], describing a higher prevalence of type 2 diabetes in those non-

functioning AIs with higher post-DST cortisol values [141] and a positive association between 

carotid intima-media thickness and post-DST cortisol within the “non-functional” range [270]. 
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As we previously mentioned, this finding supports that hypercortisolism in AIs should be 

interpreted as a continuum variable, as higher cortisol post-DST, higher cardiometabolic risk is 

expected, an even in some “non-functioning” AIs there are an excess of cortisol secretion 

compared to patients without AIs [127,135].  

Our study has some limitations that should be considered, starting with its retrospective 

design that might facilitate selection bias. To mitigate this limitation, we reviewed the medical 

records of all patients in whom a DST had been analysed in the biochemistry lab in our hospital 

during the study period. Thus, it is unlikely that we missed a significant fraction of patients with 

AIs evaluated during this period. Although, we cannot rule out a selection bias in this regard, 

post-DST cortisol levels did not differ between patients with or without available information in 

UFC or DHEA-S suggesting, instead, that the lack of these measurements relied on differences 

in the clinical approaches among different physicians. However, further prospective studies will 

need to validate the role of UFC and DHEA-S in predicting ACS development in non-functioning 

AIs. Moreover, we did not routinely measured dexamethasone after DST; and we did not have 

a second DST level during follow-up to confirm ACS development in many cases due to 

insufficient follow-up time. Furthermore, our study was conducted at a single centre and 

external validation of our predictive model is necessary. On the other hand, all analyses were 

conducted at the same lab; and all patients were evaluated in the same Endocrine Department, 

thus increasing the internal validity of the results. ACS development occurred during the initial 

5 years of follow-up in 77% of the cases. However, mean follow-up time was <5 years in average; 

thus, arguably too short for some patients. Considering that we observed ACS development 

continuously during follow-up, it is likely that some AIs that will develop ACS in the future were 

analysed within the non-functioning group, potentially diluting findings.  Radiocholesterol 

uptake, which has been proposed as a predictive factor for the development of cortisol excess, 

was not available in our cohort [269]. 

Conclusion: 
Our results support the need for personalizing management and follow-up of patients with 

non-functioning AIs. We believe our predictive model can be of use in this regard. In particular, 

if malignancy is appropriately ruled out, follow-up visits of patients younger than 50 years-old 

with unilateral non-functioning AIs and post-DST cortisol levels <0.45 µg/dl could benefit from 

increasing the time between visits during follow-up or even direct discharge after the initial 

diagnosis, given their very low risk of developing ACS. 
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DISCUSIÓN GENERAL 
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El objetivo principal de esta tesis doctoral es optimizar el diagnóstico y tratamiento de los 

pacientes con incidentalomas suprarrenales, centrándose en los no funcionantes. Este objetivo 

se ha logrado satisfactoriamente mediante: 1) la confirmación de la asociación de los 

incidentalomas suprarrenales con un exceso de riesgo cardiometabólico; 2) la demostración de 

la existencia de alteraciones en el metabolismo esteroideo suprarrenal en pacientes con 

incidentalomas suprarrenales catalogados como no funcionantes, que son similares a las de los 

pacientes con SAC pero diferentes a las de los controles sin lesiones suprarrenales; y 3) el 

desarrollo de modelos predictivos. 

1. ASOCIACIÓN DE INCIDENTALOMAS SUPRARRENALES CON

RIESGO CARDIO-METABÓLICO Y ESTUDIO DIAGNÓSTICO DE

LA SAC

1.1. Riesgo cardiometabólico en pacientes con incidentalomas suprarrenales 

Los resultados de esta tesis doctoral sugieren que, en efecto, existe un exceso de riesgo 

cardiometabólico en pacientes con IS. Este hallazgo se ha observado tanto en pacientes con SAC 

como en aquellos con ISNF. En concreto se ha observado que los pacientes con SAC y con posible 

SAC tenían una prevalencia más alta de HTA que los pacientes con ISNF. 

Además, los pacientes con posible SAC tenían concentraciones basales más elevadas de 

glucemia plasmática y de triglicéridos que los pacientes con ISNF. Por otra parte, en otro de 

nuestros trabajos observamos que los pacientes con SAC tenían una mayor prevalencia de HTA, 

DM2 y dislipemia que los pacientes con ISNF o que el grupo control sin patología suprarrenal. 

En el estudio de composición corporal observamos que los pacientes con SAC tendieron a tener 

una mayor proporción de área de grasa visceral/total y de grasa visceral/subcutánea que el 

grupo de control sin lesiones suprarrenales, una vez emparejados por edad, sexo e índice de 

masa corporal (IMC). También se encontró una correlación positiva débil entre el cortisol sérico 

post-DST y el área de grasa subcutánea. 

1.2.  Estudio diagnóstico de la SAC 

En cuanto al diagnóstico de SAC, en base a nuestros resultados podemos concluir que el TSD 

es la prueba que muestra una mayor asociación con comorbilidades potencialmente 
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relacionadas con la SAC (DM2, HTA, obesidad, dislipemia y enfermedad CV). No obstante, en 

nuestro estudio encontramos que el TSD es un mal predictor de comorbilidades 

cardiometabólicas en pacientes con IS, independientemente de los valores de corte de cortisol 

aplicados. Este hallazgo sugiere que el diagnóstico de SAC no debe basarse únicamente en los 

resultados del TSD, siendo necesario identificar otros marcadores clínicos, metabólicos o de 

imagen que muestren una mejor capacidad diagnóstica para predecir el desarrollo y progresión 

de comorbilidades cardiometabólicas en los IS. La combinación de valores alterados en el TSD y 

cortisol salival nocturno para el diagnóstico de SAC identificó pacientes con mayor riesgo 

cardiometabólico. El tamaño del IS también parece ser una característica radiológica asociada a 

mayor riesgo de presentar SAC: a mayor tamaño de la lesión suprarrenal, mayor riesgo de SAC. 

 

2. PERFIL DE METABOLITOS ESTEROIDEOS URINARIOS COMO 

POTENCIALES MARCADORES DE HIPERCORTISOLISMO EN 

PACIENTES CON ISNF 
 

En uno de nuestros estudios principales, se propone identificar alteraciones en el 

metabolismo de los esteroides en pacientes con ISNF mediante el análisis de su perfil esteroideo 

urinario. Como hallazgos principales observamos que, en comparación con los controles sin 

lesiones suprarrenales, los pacientes con ISNF tuvieron una menor excreción de metabolitos de 

andrógenos y una mayor excreción de CLU. Estos resultados sugieren que los ISNF secretan un 

exceso sutil, aunque clínicamente relevante, de glucocorticoides, lo cual podría contribuir a la 

presencia de un peor perfil cardiometabólico en estos pacientes en comparación con los 

controles sin IS. 

Por otra parte, en el estudio de composición corporal encontramos que, en base al 

estudio de impedanciometría bioeléctrica, la masa magra y la masa ósea se correlacionaron 

positivamente con la excreción de andrógenos totales; y la masa visceral se correlacionó 

positivamente con la excreción de metabolitos de glucocorticoides y glucocorticoides totales. 

Según lo evaluado por las imágenes de la TAC, se observó una correlación positiva entre la masa 

magra y los metabolitos de andrógenos; y entre el área de grasa visceral, el área de grasa total 

y la proporción de área de grasa visceral/total y la excreción de metabolitos de glucocorticoides. 

Estos resultados indican que el perfil de metabolitos esteroideos observado en los pacientes con 

tumores suprarrenales, que consiste en una baja excreción de metabolitos de andrógenos y una 
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alta excreción de metabolitos de glucocorticoides, se asocia con una menor masa magra y masa 

ósea y un mayor nivel de masa visceral. 

Por tanto, nuestros hallazgos apoyan la hipótesis de la existencia de alteraciones en el 

perfil esteroideo urinario en pacientes con ISNF como posibles responsables del peor perfil 

cardiometabólico en estos pacientes en comparación con controles sin IS. 

3. MEDICINA DE PRECISIÓN: INDIVIDUALIZACIÓN DE 

EVALUACIÓN Y SEGUIMIENTO 

3.1. Marcadores de desarrollo SAC en ISNF 

En los estudios centrados en identificar marcadores de riesgo de desarrollo de SAC en 

ISNF encontramos que, tras una mediana seguimiento de 3 años, el 10,5% de los ISNF 

desarrollaron SAC. El riesgo de desarrollar SAC fue mayor en pacientes con niveles más altos de 

cortisol sérico tras el TSD al diagnóstico. Se observó un crecimiento tumoral significativo en el 

5,2% de los casos, y el riesgo de crecimiento tumoral fue mayor en las mujeres. En base a estos 

hallazgos concluimos que la frecuencia de reevaluación hormonal pacientes con ISNF se podría 

individualizar en función del valor en el cortisol sérico tras el TSD en el momento del diagnóstico. 

Por otra parte, la reevaluación radiológica en ISNF parece innecesaria en la mayoría de los casos, 

especialmente si la imagen inicial muestra características específicas de adenoma típico, dada 

la baja tasa de crecimiento tumoral significativo. 

Cuando únicamente incluimos pacientes con ISNF en los que se dispuso de información 

de seguimiento hormonal durante al menos un año, el riesgo de desarrollo de SAC fue del 22% 

tras una mediana de seguimiento de 3 años. Encontramos que el mejor modelo predictivo para 

el desarrollo de SAC en ISNF durante el seguimiento combinó las variables edad, cortisol sérico 

post-TSD y la bilateralidad de los IS al diagnóstico, y mostró una aceptable precisión diagnóstica, 

con un área bajo la curva ROC de 0,70. El riesgo más bajo de desarrollo de SAC se encontró en 

pacientes menores de 50 años con valores de cortisol post-TSD <0,45 µg/dl y con tumores 

unilaterales (riesgo 2,42%). En base a estos resultados, concluimos que, tras descartar 

malignidad, las visitas de seguimiento en pacientes <50 años con ISNF unilaterales y cortisol 

sérico post TSD <0,45 µg/dl se podrían espaciar, dado el bajo riesgo de desarrollar SAC durante 

el seguimiento. 
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3.2. Individualización del estudio diagnóstico en IS 

Otro de los trabajos incluidos en la tesis se centró en desarrollar un modelo predictivo 

para descartar feocromocitoma entre los pacientes con IS, basado en las características de los 

IS en la TAC sin contraste y/o RM. Observamos que la combinación de alto contenido de lípido 

en la TAC y el tamaño del tumor presentó una elevada precisión diagnóstica para diferenciar 

feocromocitoma de no feocromocitoma, con un área bajo la curva ROC de 0,961. La probabilidad 

de tener un feocromocitoma fue del 0,1% para las lesiones suprarrenales menores de 20 mm 

con alto contenido lipídico en la TAC sin contraste. En base a estos resultados, nuestro estudio 

sugiere que el cribado bioquímico de feocromocitoma podría evitarse en lesiones suprarrenales 

menores de 20 mm que muestren un alto contenido de lípidos en el TAC, si no hay signos y 

síntomas sugestivos de feocromocitoma. 

 

4. Fortalezas y limitaciones del estudio 

La principal limitación común a los estudios aquí presentados es el diseño retrospectivo 

de las series multicéntricas y unicéntrica de incidentalomas suprarrenales, en base a las cuales 

se construye el modelo predictivo de riesgo de desarrollo de SAC en ISNF y de predicción de 

feocromocitoma. No obstante, a pesar de esta limitación, todos los pacientes incluidos en las 

bases de datos han sido incluidos siguiendo unos criterios de inclusión y exclusión estrictamente 

predefinidos, lo que limita la aparición de posibles sesgos de selección. Por otra parte, los 

pacientes incluidos en la base de datos de pacientes con IS del Hospital Ramón y Cajal (en base 

a la cual se desarrolla el modelo predictivo de SAC en ISNF) son pacientes evaluados 

consecutivamente durante un periodo de estudio predefinido, lo que también reduce la 

probabilidad de la aparición de un sesgo de confusión. Por otra parte, los estudios derivados de 

la base unicéntrica presentan una elevada validez interna al haberse empleado los mismos 

métodos de laboratorio y los protocolos clínicos del centro. 

Como fortaleza de nuestra investigación, resaltar el gran tamaño muestral de pacientes 

con lesiones suprarrenales que se han incluido en las distintas bases de datos a lo largo de estos 

tres años, que suma un total de 1362 pacientes, lo que ha permitido la formulación y respuesta 

inicial de un gran número de hipótesis. Estos estudios retrospectivos han sentado las bases para 

la elaboración de un estudio con inclusión prospectiva de pacientes sobre metabolómica 

urinaria, que, aunque incluye un limitado tamaño muestral, nos ha acercado a la respuesta a 

una de las preguntas principales del estudio, demostrándose que el perfil metabolómico de los 
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ISNF es diferente del de los controles sin lesiones suprarrenales. Es probable que este perfil 

metabólico diferencial sea el responsable del mayor riesgo cardiometabólico en esta población 

de pacientes con ISNF que en la población general sin IS. 

5. Retos y perspectivas de futuro

En base a los resultados del presente estudio proponemos un cambio de la nomenclatura 

de ISNF por lesiones suprarrenales con secreción indeterminada de esteroides suprarrenales 

[271], ya que nuestro estudio apoya la existencia de un exceso de secreción de esteroides 

glucocorticoideos en pacientes con ISNF en comparación con controles sin IS (Figura 29). Por 

otra parte, también observamos que una proporción elevada de pacientes con ISNF desarrollan 

SAC a lo largo del seguimiento. 

Como retos de futuro, en base a los resultados de nuestro estudio, se pretende como primer 

objetivo realizar una validación del modelo predictivo de SAC en ISNF con una cohorte 

multicéntrica de pacientes con ISNF en los que se disponga de estudio hormonal a lo largo del 

seguimiento (al menos un año de seguimiento). Por otra parte, con el objetivo de consolidar los 

resultados obtenidos en la cohorte prospectiva centrada en validar nuestros hallazgos y que 

permitan identificar marcadores pronósticos de riesgo cardiovascular y/o progresión a SAC. 

El reto final y principal de nuestra investigación es potenciar la implementación de la 

medicina personalizada tanto en la evaluación inicial como en el seguimiento de los pacientes 

con IS (Figura 30). Por una parte, en el momento de la evaluación hormonal inicial se deberían 

tener en cuenta parámetros clínicos y radiológicos asociados a bajo riesgo de funcionalidad del 

IS para seleccionar a aquellos pacientes en los que se podría obviar el estudio hormonal, 

principalmente en cuanto al cribado de feocromocitoma. En este sentido, el modelo predictivo 

de feocromocitoma desarrollado en uno de nuestros estudios ofrece una elevada capacidad 

diagnóstica para seleccionar a los pacientes con baja probabilidad pretest de esta condición. 

Por otra parte, en cuanto al seguimiento, lo más aceptado en la actualidad es que 

únicamente es preciso reevaluar la funcionalidad hormonal en cuanto al exceso de cortisol. En 

este sentido, aunque no existe consenso en la periodicidad de cribado, se recomienda reevaluar 

a los pacientes con SAC e ISNF de forma periódica para detectar la progresión de 

hipercortisolismo en estos pacientes. Sin embargo, no se tienen en cuenta factores clínicos, 

hormonales y/o radiológicos que podrían estar asociados a un mayor o menor riesgo de 
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progresión a SAC en ISNF, o de evolución a síndrome de Cushing florido en pacientes con SAC. 

En otros de nuestros trabajos encontramos que los valores de cortisol tras el TSD en el momento 

del diagnóstico fueron el marcador más fiable de desarrollo de SAC en pacientes con ISNF, 

proponiendo en este trabajo un seguimiento individualizado en función del valor de cortisol tras 

el TSD en el momento del diagnóstico-recomendación de repetir el TSD a los 5 años del 

diagnóstico en ISNF con TSD inicial <0,9 µg/dl; repetir a los 2,5 años y a los 5 años en ISNF con 

TSD inicial entre 0.9-1,45 µg/dl; y de forma anual hasta cumplir 5 años de seguimiento en ISNF 

con TSD inicial > 1,45 µg/dl. La implementación de este algoritmo de seguimiento reduciría 

costes y la incomodidad que supone para el paciente el someterse a estudios hormonales 

periódicos, seleccionando a los pacientes que más se benefician de un seguimiento hormonal 

más estrecho. 

 

Figura 29. Propuesta de modelo de asociación entre lesión suprarrenal de secreción 

indeterminada de esteroides suprarrenales (ALUSAS) y disfunción cardiometabólica. 

 

Modificada con permiso de Escobar-Morreale & San Millán [36], Copyright Elsevier, 2007. Referencia: 
Araujo-Castro M, Escobar-Morreale HF, Valderrabano P. A Proposal for Nomenclature Revision of 
Nonfunctioning Adrenal Incidentalomas as Adrenal Lesions of Undetermined Secretion of Adrenal 
Steroids (ALUSAS). Endocr Pract. 2022 Jun 22;S1530-891X(22)00540-7. doi: 10.1016/j.eprac.2022.06.00



2
0

9
 

Fi
gu

ra
 3

0
. P

ro
p

u
es

ta
 d

e
 a

lg
o

ri
tm

o
 p

ar
a 

la
 in

d
iv

id
u

al
iz

ac
ió

n
 d

el
 d

ia
gn

ó
st

ic
o

 y
 s

eg
u

im
ie

n
to

 d
e 

lo
s 

in
ci

d
en

ta
lo

m
as

 s
u

p
ra

rr
en

al
es

 

 

N
o

 

Sí
 

N
o

 

Sí
 

Sí
 

Sí
 

IN
C

ID
EN

TA
LO

M
A

 

SU
P

R
A

R
R

EN
A

L 

V
al

o
ra

r 
ca

ra
ct

e
rí

st
ic

as
 r

ad
io

ló
gi

ca
s 

en
 la

 T
A

C
 s

in
 c

o
n

tr
as

te
 

<1
0

U
H

 y
 <

 2
cm

 
>1

0
U

H
 y

 c
ar

ac
te

rí
st

ic
as

ra
d

io
ló

gi
ca

s 
so

sp
ec

h
o

sa
sa

TS
D

 ±
 o

tr
o

sb
, c

N
o

 e
s 

p
re

ci
so

 r
ep

et
ir

 
p

ru
eb

a 
d

e 
im

ag
en

 

TS
D

 +
 m

et
an

ef
ri

n
as

 +
 

an
d

ró
ge

n
o

s 
+

 D
H

EA
S 

± 
o

tr
o

sc

C
o

m
p

le
ta

r 
es

tu
d

io
 c

o
n

 R
M

N
 

y/
o

 T
A

C
 c

o
n

 c
o

n
tr

as
te

 

TS
D

 +
 m

et
an

ef
ri

n
as

 +
 

an
d

ró
ge

n
o

s 
+ 

D
H

EA
S 

± 
o

tr
o

sc,
d

H
A

P
, F

eo
, S

d
 d

e
 C

u
sh

in
g 

o
 

ca
ra

ct
er

ís
ti

ca
s 

ra
d

io
ló

gi
ca

s 
so

sp
ec

h
o

sa
s 

A
D

R
EN

A
LE

C
TO

M
ÍA

 
H

A
P

, F
eo

, S
d

 d
e

 

C
u

sh
in

g 
Sí

 

IS
P

 o
 H

SC
 

TS
D

 <
0

,9
 

N
o

 

Tr
at

am
ie

n
to

 
m

éd
ic

o
 

es
p

ec
íf

ic
o

 

V
al

o
ra

r 
ad

re
n

al
ec

to
m

ía
 o

 
tr

at
am

ie
n

to
 m

éd
ic

o
 

en
 f

u
n

ci
ó

n
 d

e
 

re
su

lt
ad

o
s 

y 
co

m
o

rb
ili

d
ad

es
 

<1
0

U
H

 y
 2

-4
cm

 
<1

0
U

H
 y

 >
4

cm
 

TS
D

 +
 m

et
an

ef
ri

n
as

 ±
 

o
tr

o
sc

N
o

 e
s 

p
re

ci
so

 r
ep

et
ir

 
p

ru
eb

a 
d

e 
im

ag
en

 

 

V
al

o
ra

r 
ad

re
n

al
ec

to
m

ía
 o

 
tr

at
am

ie
n

to
 m

éd
ic

o
 e

n
 

fu
n

ci
ó

n
 d

e 
re

su
lt

ad
o

s 
y 

co
m

o
rb

ili
d

ad
es

 

TS
D

 0
,9

-1
,4

5
 

TS
D

 1
,4

5
-1

,8
 

TS
D

 >
1,

8
 

R
ep

et
ir

 T
SD

 
en

 5
 a

ñ
o

s.
 

e,
f  

R
ep

et
ir

 T
SD

 
ca

d
a 

2,
5 

añ
o

s 
x5

 a
ñ

o
sf  

R
ep

et
ir

 T
SD

 
an

u
al

 x
5 

añ
o

s.
,f

¿C
o

m
o

rb
ili

d
ad

es
 a

so
ci

ad
as

 a
 S

A
C

?g  

a:
 d

es
cr

ib
ir

 la
s 

ca
ra

ct
er

ís
ti

ca
s 

d
e

 
so

sp
ec

h
a 

 b
: 

N
o

 
es

 
p

re
ci

so
 

d
et

er
m

in
ar

 
m

et
an

ef
ri

n
as

 

c:
 A

ld
/r

en
in

a 
si

 H
T

A
 ±

 h
ip

o
K

. 
1

7
-

O
H

-P
 +

 c
o

rt
is

o
l b

as
al

 8
am

 y
 A

C
TH

 
si

 t
u

m
o

re
s 

b
ila

te
ra

le
s 

d
: 

es
tu

d
io

 h
o

rm
o

n
al

 
n

ec
es

ar
io

 
p

ar
a 

ad
ec

u
ad

a 
m

an
ej

o
 

p
re

 
y 

p
o

st
-o

p
er

at
o

ri
o

 
y 

p
ar

a 
id

en
ti

fi
ca

r 
m

ar
ca

d
o

re
s 

co
n

 
u

ti
lid

ad
 e

n
 s

eg
u

im
ie

n
to

 e
n

 c
as

o
 

d
e 

m
al

ig
n

id
ad

 

e:
 n

o
 e

s 
n

ec
es

ar
io

 r
ep

et
ir

 e
l T

SD
 

si
 

(t
o

d
as

 
la

s 
si

gu
ie

n
te

s)
: 

el
 

co
rt

is
o

l 
tr

as
 

el
 

TS
D

 
in

ic
ia

l 
es

 
<0

,4
5,

 la
 le

si
ó

n
 e

s 
u

n
ila

te
ra

l 
y 

el
 

p
ac

ie
n

te
 t

ie
n

e
 >

5
0 

añ
o

s 

f:
 S

i c
o

rt
is

o
l t

ra
s 

TS
D

 a
 lo

s 
5 

añ
o

s 
p

er
si

st
e 

<1
,8

, a
lt

a.
 S

i p
ro

gr
e

si
ó

n
, 

va
lo

ra
r 

d
es

ar
ro

llo
/p

re
se

n
ci

a 
d

e
 

co
m

o
rb

ili
d

ad
es

 a
so

ci
ad

as
 a

 S
A

C
 

p
ar

a 
d

ec
id

ir
 

co
n

ti
n

u
ar

 
m

o
n

it
o

ri
za

ci
ó

n
 v

s 
ci

ru
gí

a
 

g:
 

d
es

cr
ib

ir
 

la
s 

co
m

o
rb

ili
d

ad
es

 
as

o
ci

ad
as

 a
 S

A
C

 

 h
: 

Si
 c

o
rt

is
o

l 
tr

as
 T

SD
 a

 l
o

s 
5 

añ
o

s 
p

er
si

st
e 

<1
,8

, 
al

ta
. 

Si
 

p
ro

gr
es

ió
n

 
o

 
d

es
ar

ro
llo

 
d

e 
co

m
o

rb
ili

d
ad

es
 a

so
ci

ad
as

 a
 S

A
C

 
co

n
ti

n
u

ar
 

m
o

n
it

o
ri

za
ci

ó
n

 
vs

 
ci

ru
gí

a.
 

N
o

 
N

o
 

Sí
 

N
o

 



210 



211 



 

212 
 

 

 

 

  



 

213 
 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONES 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

214 
 

 

 

 

  



215 

1. El riesgo de comorbilidades cardiometabólicas es mayor en los pacientes con secreción

autónoma de cortisol (SAC) que en los pacientes con incidentalomas suprarrenales no

funcionantes (ISNF), incluyendo DM2 e HTA principalmente.

2. El 10-20% de los ISNF desarrollan SAC tras una mediana de seguimiento de 35-40 meses.

3. Es posible estratificar el riesgo de desarrollar SAC a lo largo del seguimiento en ISNF en

base a las características clínicas, hormonales y radiológicas de los incidentalomas

suprarrenales presentes en el momento del diagnóstico.

4. El mejor modelo predictivo para el desarrollo de SAC en ISNF combinó las variables edad,

cortisol sérico post- test de supresión con dexametasona (TSD) y la bilateralidad al

diagnóstico.

5. El riesgo más bajo de desarrollo de SAC se encontró en pacientes <50 años con valores

de cortisol post-TSD <0,45 µg/dl y con tumores unilaterales (riesgo 2,42%).

6. La combinación de la presencia de alto contenido lipídico en la TAC sin contraste y el

tamaño tumoral presentó una elevada capacidad diagnóstica para descartar

feocromocitoma (área bajo la curva-ROC 0,961).

7. Los pacientes con ISNF presentan una menor excreción urinaria de metabolitos de

andrógenos y una mayor excreción urinaria de cortisol libre que los controles sin

incidentalomas suprarrenales.

8. La presencia de un perfil metabolómico diferencial entre ISNF y controles sin lesiones

suprarrenales podría explicar la presencia de un peor perfil cardiometabólico en estos

pacientes en comparación con los controles sin lesiones suprarrenales.
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Abstract
Purpose To evaluate differences between patients with unilateral and bilateral adrenal incidentalomas (AIs) in the prevalence 
of autonomous cortisol secretion (ACS) and related comorbidities.
Methods In this multicentre retrospective study, AIs ≥ 1 cm without overt hormonal excess were included in the study. ACS 
was defined by a post-dexamethasone suppression test (DST) serum cortisol ≥ 5.0 µg/dl, in the absence of signs of hyper-
cortisolism. For the association of ACS with the prevalence of comorbidities, post-DST serum cortisol was also analysed 
as a continuous variable.
Results Inclusion criteria were met by 823 patients, 66.3% had unilateral and 33.7% bilateral AIs. ACS was demonstrated in 
5.7% of patients. No differences in the prevalence of ACS and related comorbidities were found between bilateral and uni-
lateral AIs (P > 0.05). However, we found that tumour size was a good predictor of ACS (OR = 1.1 for each mm, P < 0.001), 
and the cut-off of 25 mm presented a good diagnostic accuracy to predict ACS (sensitivity of 69.4%, specificity of 74.1%).
During a median follow-up time of 31.2 (IQR = 14.4–56.5) months, the risk of developing dyslipidaemia was increased in 
bilateral compared with unilateral AIs (HR = 1.8, 95% CI = 1.1–3.0 but, this association depended on the tumour size observed 
at the end of follow-up (HR adjusted by last visit-tumour size = 0.9, 95% CI = 0.1–16.2).
Conclusions Tumour size, not bilaterality, is associated with a higher prevalence of ACS. During follow-up, neither tumour 
size nor bilaterality were associated with the development of new comorbidities, yet a larger tumour size after follow-up 
explained the association of bilateral AIs with the risk of dyslipidaemia.

Keywords Adrenal incidentalomas · Autonomous cortisol secretion · Bilateral adrenal incidentalomas · Tumour size · 1 mg 
overnight dexamethasone suppression test
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Introduction

Adrenal incidentalomas (AIs) are asymptomatic adre-
nal lesions that are identified unexpectedly on imaging 
tests requested by reasons other than adrenal disease [1]. 
Most AIs are classified as non-functioning adrenocorti-
cal adenomas. However, it has been suggested that a sig-
nificant percentage of these presumably non-functioning 
AIs (NFAI) actually secrete adrenal steroids in excess. In 
fact, autonomous cortisol secretion (ACS)—defined as 
biochemical evidence of cortisol hypersecretion in the 
absence of signs of Cushing’s syndrome [2]—has been 
detected in up to 50% of AIs [3]. However, the best test to 
diagnose ACS remains unclear at present. Even though the 
overnight 1 mg dexamethasone suppression test (DST) is 
the most extended screening test, currently there is no con-
sensus on which is the best threshold of post-DST serum 
cortisol to define ACS [3–5].

Regardless of the test or threshold used to diagnosed 
ACS, there is growing evidence linking this condition with 
increased metabolic and cardiovascular morbidity and 
mortality [6–8]. Several clinical, biochemical and imaging 
characteristics of AIs have been associated with ACS [6, 
9–11]. In this regard, bilaterality of AIs might be associ-
ated with higher rates of ACS and related comorbidities [9, 
10] although such an association has not been supported
by all studies [10, 12–14].

The aim of this study was to evaluate the differences 
in the prevalence of ACS and potential related metabolic 
comorbidities among patients with unilateral and bilateral 
AIs. Moreover, we analysed the impact of bilaterality of 
AIs on the risk of tumour growth and development of ACS 
and related comorbidities during follow-up.

Methods

Study population

In this retrospective study, we included 977 patients pre-
senting with one or more AIs of at least 1 cm in larger 
diameter at seven Spanish Hospitals between 2001 and 
2020. Bilaterality of AIs was defined by the presence of 
at least one AI in each of the adrenal glands.

Patients who met one or more of the following crite-
ria were directly excluded to enter in the Spanish Adre-
nal Incidentaloma Register (i) under age 18 or above age 
90 years; (ii) suffering with hereditary syndromes asso-
ciated with adrenal tumours [4]; (iii) those on chronic 
treatment with glucocorticoids (GC) or who had received 
GC treatment with a dose ≥ 10 mg/day of prednisone or 

equivalent for 3 months during the 3 months preceding 
hormonal evaluation, (iv) patients under treatment with 
oral hormonal contraceptives (treatment should be sus-
pended at least 6 weeks before performing the function-
ality study), (v) patients in whom the imaging test was 
performed in the context of the study of extension of an 
extra-adrenal primary cancer and vi) patients with ACTH-
dependent Cushing syndrome [15–18]. For this study, 
exclusion criteria were: i) overt adrenal hormone excess 
such as Cushing’s syndrome (n = 9), primary hyperaldo-
steronism (n = 26), pheochromocytoma (n = 6) or sexual 
steroid producing adrenal lesions (n = 0); ii) diagnosis of 
adrenocortical carcinoma or radiological features sugges-
tive of malignancy (irregular and heterogeneous lesions) 
(n = 4) and iii) patients with missing values in the initial 
DST (n = 109). A total of 823 (84.6%) patients were finally 
included in the study (Fig. 1). We analysed patients’ data 
recorded at entry into the study and at the last follow-up 
visit after median 31.2 (IQR = 14.4–56.5) months. The 
study was approved by the local ethical Committee of the 
Hospital Universitario Ramón y Cajal.

Clinical evaluation

Medical records were reviewed retrospectively to extract 
demographic information such as age, and sex, medical his-
tory of ACS-related comorbidities including hypertension, 
type 2 diabetes mellitus, obesity, dyslipidaemia, cerebro-
vascular, and cardiovascular disease, and physical examina-
tion variables including body mass index (BMI) and clinical 
systolic and diastolic blood pressure. These parameters were 
assessed at baseline and at the last follow-up visit.

Hypertension was diagnosed when blood pressure 
was ≥ 140/90 mmHg or patients were receiving antihyper-
tensive drugs. Diagnoses of type 2 diabetes and dyslipidae-
mia were based on established criteria [19, 19]. Obesity 
was defined by a BMI ≥ 30 kg/m2. Cardiovascular disease 
was defined as ischemic heart disease or heart failure, and 

977 pa�ents with AIs

Exclusion criteria:
-Overt Cushing syndrome (n=9)
-Primary aldosteronism (n=26)
-Pheochromocytoma (n=6) 
-Adrenocortical carcinoma (n=4)
-Missing value in DST (n=109)

823 pa�ents included for analyses
(546 with unilateral and 277 with bilateral AIs)

Fig. 1  Cohort selection process. DST dexamethasone suppression 
test, AI adrenal incidentalomas
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cerebrovascular disease as a transient ischemic attack or 
acute stroke.

Hormonal and biochemical evaluation

At study entry, all AI patients underwent a DST and meas-
urement of urinary normetanephrine and metanephrine. 
Other hormones such as serum cortisol, adrenocortico-
tropic hormone (ACTH), dehydroepiandrosterone sulphate 
(DHEA-S), and 24-urinary free cortisol (UFC) were also 
evaluated in some patients at the discretion of the attend-
ing physician. Aldosterone/renin ratio was also evaluated in 
hypertensive or hypokalemic patients; and 17-hydroxypro-
gesterone and serum basal cortisol concentrations served 
to rule out non-classic congenital adrenal hyperplasia in 
patients presenting with bilateral AIs. The DST was repeated 
at the follow-up visit in 437 patients. Other hormones were 
also determined at the discretion of the treating physician.

ACS was defined as a serum cortisol concentra-
tion ≥ 5.0 µg/dl at 8 am following a single 1 mg dexametha-
sone oral dose taken at 11 pm the night before extraction, 
provided that specific signs of cortisol excess such as myo-
pathy, ecchymosis and/or cutaneous atrophy were absent. 
We used a 5.0 µg/dl post-DST serum cortisol threshold for 
the definition of ACS based on the last European guidelines 
about the management of AIs [21]. However, considering 
the current uncertainties about the optimal cut-off to define 
ACS, we also analysed post-DST serum cortisol as a con-
tinuous variable. AIs were considered as non-functioning 
tumours when the hormonal evaluation ruled out hormone 
excess (i.e. cortisol was < 1.8 µg/dl on the DST and the 
aldosterone/renin ratio and urinary metanephrines concen-
trations were within the reference ranges of the local labo-
ratories of each Hospital). Patients with post-DST serum 
cortisol between 1.8 and 5.0 µg/dL were classified as pos-
sible ACS [21].

All patients underwent routine biochemical profiles 
after an overnight fast, at the initial evaluation and at the 
last follow-up visit. Fasting glucose, total, LDL and HDL 
cholesterol levels, and triglyceride concentrations were also 
evaluated. HbA1c was measured in some patients at the 
discretion of the treating physician depending on glucose 
concentrations and on whether or not the patient had been 
diagnosed with diabetes.

Radiological study

Abdominal computed tomography (CT) or MRI were per-
formed in all patients at diagnosis. The maximum diameter 
informed in the radiological report of the CT or MRI was 
taken as the adenoma size, and uni- or bilaterality and lipid 
content were recorded. For bilateral AIs, the size of the larg-
est adenoma was included in the analyses. Moreover, we 

calculated the total adenomatous mass as the sum of the 
largest diameters of both adrenal incidentalomas for bilateral 
AIs. During follow-up, CT was repeated in 386 patients and 
MRI was repeated in 259 patients.

Statistical analysis

We used STATA version 15 for statistical analyses. Cate-
gorical variables were expressed as counts and percentages 
and continuous variables were expressed as mean ± stand-
ard deviation (SD) or median and interquartile range (IQR) 
depending on if the assumption of normality was fullfilled. 
The normality assumption was studied with Shapiro–Wilk 
test and the variance homogeneity assumption with the Lev-
ene test. Odds ratios (with 95% confidence intervals) and 
mean differences were calculated as measures of association. 
Unpaired t tests and Mann–Whitney U tests lineal were per-
formed as appropriate to compare differences in continuous 
parameters between unilateral and bilateral AIs. The com-
parisons of baseline values with those obtained at the end of 
follow-up used paired t test or McNemar test as appropriate. 
Cox regression analysis was used for the estimation of haz-
ard ratios during follow-up. Pearson’s or Spearman’s cor-
relation analysis was used to evaluate correlations between 
continuous variables. Fisher’s exact tests and chi-square tests 
were performed for the comparison of categorical variables 
between the groups. A multivariant logistic regression test 
was performed to analyse the influence of post-DST serum 
cortisol on AI uni- or bilaterality or in the presence of 
absence of cardiometabolic comorbidities, while adjusting 
for confusion variables such as tumour size, age and BMI. 
Collinearity between continuous variables was discarded 
confirming a Variance inflation factor (VIF) values higher 
than 0.1 and lower than 10. ROC curves were performed to 
calculate the best predictive tumor size for ACS diagnosis. 
In all cases, a two-tailed P value < 0.05 was considered as 
statistically significant.

Results

Baseline characteristics

A total of 823 patients were included in the final analy-
sis of whom 472 (58.0%) were women. Mean age was 
63.1 ± 11.0 years-old and mean BMI was 28.9 ± 7.3 kg/m2. 
The mean size of the AIs in the cohort was 20.7 ± 10.5 mm, 
and only 7 patients with typical radiological benign features 
presented AIs > 50 mm. 112 patients (17.1%) were classified 
as tumours poor in lipidic content. AIs were unilateral in 
546 patients (66.3%) and bilateral in 277 (33.7%). Forty-
seven patients (5.7%) met criteria for ACS as defined by 
post-DST serum cortisol ≥ 5.0 µg/dl; 522 (63.4%) were 
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classified as non-functioning AIs (NFAI) and the remaining 
254 patients as with possible ACS. Among patients with 
ACS, 35% (n = 14/40) presented plasma ACTH levels below 
10 pg/mL; 50% (n = 10/20) high late-night salivary cortisol 
and only 2 out of 28 patients high UFC. This supposed that 
84.6% of the patients with ACS with available information 
in these tests presented at least one of these associated hor-
monal alterations.

Regarding comorbidities, globally 83.7% of patients pre-
sented one or more comorbidities; 54.7% had hypertension; 
51.5% had dyslipidaemia; 32.1% had obesity; 26.0% had 
type 2 diabetes; 2.3% had cerebrovascular disease and 12.2% 
had cardiovascular disease. We found that patients with 
ACS presented a worse cardiometabolic profile than NFAI 
patients and those patients with possible ACS (Table 1).

The comparisons of patients with unilateral and bilateral 
AIs at study entry are summarized in Table 2. Tumour size 
was larger in patients with bilateral AIs compared with those 
presenting with unilateral AIs, especially when we consid-
ered total adenomatous mass (42.0 ± 17.3 vs 19.9 ± 10.3, 
P < 0.001). We found no other significant differences in 
baseline clinical or biochemical characteristics or the preva-
lence of comorbidities, with the exception of the prevalence 

of male sex that appeared to be more frequent in bilateral 
compared with unilateral AIs (OR = 1.4, 95% CI = 1.0–1.9).

No differences in the prevalence of ACS were observed 
between unilateral and bilateral AIs. However, if we consid-
ered a threshold of 3.0 µg/dL for the definition of ACS, the 
prevalence of ACS was increased in patients with bilateral 
than unilateral AIs (OR = 2.1, 95% CI = 1.4–3.1), yet this dif-
ference lost statistical significance after adjusting by tumour 
size (adjusted OR = 4.7, 95% CI = 0.5–43.1) (Fig. 2).

When we analysed data considering post-DST serum 
cortisol values as a continuous variable, regardless of 
the diagnosis of ACS, no association was found between 
DST results and AIs uni- or bilaterality (OR = 1.06 for 
each µg/dl, 95% CI = 1.0–1.1); nor between the DST 
results and cardiometabolic comorbidities (Supplemen-
tary Material Table 1). However, post-DST serum cor-
tisol concentrations were associated with the size of the 
adenoma (β = 0.61 mm for each µg/dl in serum cortisol, 
P = 0.000) and the total adenomatous mass (β = 1.0 mm 
for each µg/dl in serum cortisol, P < 0.001). Moreover, 
we found that tumour size was a good predictor of ACS 
(OR = 1.1 for each mm, P < 0.001) and correlated directly 
with post-DST serum cortisol concentrations, although the 

Table 1  Baseline characteristics in patients with non-functioning adrenal incidentalomas compared to patients with autonomous cortisol secre-
tion and with possible ACS

Quantitative variables are expressed as mean and standard deviation value and qualitative variables as proportions
Statistically significant results are in bold
ACS autonomous cortisol secretion, ACTH adrenocorticotropic hormones, BMI body mass index, DHEAS Dehydroepiandrosterone sulphate, 
HBP high blood pressure, HDL-c high density lipoprotein cholesterol, LDL-c low density lipoprotein cholesterol,1  mg DST 1  mg overnight 
dexamethasone suppression test, UFC urinary free cortisol, Tumour size maximum adenoma diameter

NFAI (n = 522) ACS (n = 47) P value Possible ACS (n = 254) P value

% Females 57.8 78.7 0.005 45.4 0.406
Age (years) 62.2 ± 11.1 61.6 ± 12.3 0.740 65.4 ± 10.5 0.0001
BMI (kg/m2) 29.1 ± 7.2 28.2 ± 8.9 0.488 28.5 ± 7.2 0.367
Tumour size (mm) 18.6 ± 9.8 31.2 ± 13.8 0.000 23.1 ± 9.5  < 0.0001
Hypertension (%) 49.1 68.1 0.013 63.5  < 0.0001
T2DM (%) 28.3 22.6 0.385 32.5 0.003
Dyslipidaemia (%) 48.6 60.9 0.109 56.2 0.047
Obesity (%) 39.0 42.9 0.627 35.0 0.322
Cerebrovascular disease (%) 2.1 4.4 0.337 2.4 0.823
Cardiovascular disease (%) 10.7 13.3 0.580 15.1 0.074
Fasting glucose (mg/dl) (n = 808) 104.7 ± 28.8 98.7 ± 28.1 0.183 113.6 ± 36.1 0.0002
HbA1c (%) (n = 314) 6.3 ± 4.4 6.2 ± 0.8 0.930 6.5 ± 1.2 0.695
LDL-c (mg/dl) (n = 582) 116.8 ± 33.8 117.1 ± 32.0 0.962 113.7 ± 37.2 0.334
HDL-c (mg/dl) (n = 584) 53.9 ± 16.4 54.7 ± 20.7 0.781 50.4 ± 13.3 0.015
Triglycerides (mg/dl) (n = 754) 110.0 ± 53.2 119.0 ± 57.9 0.287 119.6 ± 60.9 0.032
1 mg DST (µg/dl) (n = 824) 1.1 ± 0.3 9.5 ± 8.1 0.000 2.6 ± 0.8  < 0.0001
UFC (µg/24 h) (n = 369) 45.6 ± 93.2 58.2 ± 46.3 0.481 52.2 ± 38.8 0.440
ACTH (pg/ml) (n = 549) 21.4 ± 22.3 15.9 ± 18.4 0.134 15.7 ± 21.2 0.006
DHEAS (µg/dl) (n = 512) 529.7 ± 569.2 269.1 ± 450.5 0.011 335.4 ± 352.6 0.0001
Tumor rich in lipidic content (%) (n = 656) 82.4 70.3 0.071 80.8 0.657
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correlation was mildly (r = 0.18, P < 0.001). The best pre-
dictive tumour size for ACS was 25 mm, with a sensitiv-
ity of 69.4% and specificity of 74.1% (AUC = 0.758, 95% 
CI = 0.720–0.792). Considering, total adenomatous mass 
for bilateral AIs, similar results were found [OR = 1.2, 
P < 0.001 for the prediction of ACS, and a middle cor-
relation with post-DST serum cortisol concentrations 
(r = 0.22, P < 0.001)].

Differences between unilateral and bilateral 
adrenal incidentalomas depending on the presence 
or absence of ACS at study entry

In the subset of patients meeting criteria for ACS, no dif-
ferences were found between unilateral and bilateral AIs 
(Table 3). When the same comparisons were analysed in 
the subset of patients with NFAI, no differences in clini-
cal and biochemical characteristics were found. However, 
post-DST serum cortisol concentrations were slightly 
higher in patients with bilateral AIs (Fig. 2, Supplemen-
tary Material Table 2).

Follow‑up study

Follow-up information, including clinical, hormone and/or 
radiological information, was available in 673 patients (DST 
was repeated in 437 patients and abdominal CT/MRI in 
621). After a median follow-up of 31.2 (IQR = 14.4–56.5) 
months, only 13 patients experienced clinically relevant 
growth defined by an increase > 10 mm in larger diameter. 
We found no differences in the initial tumour size (19.5 ± 3.5 
vs 21.1 ± 0.5 mm, P = 0.569) or post-DST serum cortisol 
concentrations (2.6 ± 0.2 vs 2.3 ± 0.2  µg/dl, P = 0.716) 
among AIs that grew and those that remained stable during 
follow-up. There were 15 patients with NFAI who developed 
ACS (1.9%), no changes in hormonal status were observed 
in the rest of the patients.

Bilaterality of AIs was not associated with tumour growth 
(HR = 1.2, 95% CI = 0.4–3.8) or progression to ACS (HR 
2.1, 95% CI = 0.7–6.5). However, bilaterality was associated 
with an increased risk of developing dyslipidaemia during 
follow-up (HR 1.8; 95% CI = 1.1–3.0) even though such an 
association actually depended on the larger tumour size of 
bilateral AIs (HR adjusted by last visit tumour size = 0.9, 

Table 2  Baseline characteristics 
in unilateral and bilateral 
adrenal incidentalomas

Quantitative variables are expressed as mean and standard deviation value and qualitative variables as pro-
portions
ACS autonomous cortisol secretion, ACTH adrenocorticotropic hormones, BMI body mass index, DHEAS 
Dehydroepiandrosterone sulphate, HBP high blood pressure, HDL-c high density lipoprotein cholesterol, 
LDL-c low density lipoprotein cholesterol,1 mg DST 1 mg overnight dexamethasone suppression test, UFC 
urinary free cortisol, Tumour size maximum adenoma diameter

Unilateral (n = 323) Bilateral (n = 132) P value

% Females 60.6 52.8 0.031*
Age (years) 62.6 ± 11.4 64.1 ± 10.3 0.069
BMI (kg/m2) 28.9 ± 7.6 28.8 ± 6.5 0.868
Tumor size (mm) 19.9 ± 10.3 22.5 ± 10.9 0.008*
ACS (%) 4.8% 7.2 0.147
Hypertension (%) 53.2 57.5 0.252
Type 2 diabetes (%) 25.0 28.0 0.356
Dyslipidaemia (%) 53.3 48.0 0.264
Obesity (%) 32.7 30.9 0.570
Cerebrovascular disease (%) 2.4 2.2 0.840
Cardiovascular disease (%) 14.7 10.9 0.243
Fast plasma glucose (mg/dl) (n = 808) 108.0 ± 33.2 105.4 ± 28.0 0.262
HbA1c (%) (n = 314) 6.5 ± 4.3 6.1 ± 1.0 0.403
LDL-c (mg/dl) (n = 582) 115.8 ± 35.1 116.1 ± 33.8 0.923
HDL-c (mg/dl) (n = 584) 52.5 ± 15.5 53.8 ± 16.7 0.357
Triglycerides (mg/dl) (n = 754) 115.0 ± 59.6 110.3 ± 48.1 0.275
1 mg DST (µg/dl) (n = 824) 1.9 ± 3.0 2.3 ± 2.3 0.042
UFC (µg/24 h) (n = 369) 50.3 ± 89.5 46.5 ± 33.0 0.644
ACTH (pg/ml) (n = 549) 19.9 ± 22.4 17.9 ± 20.9 0.302
DHEAS (µg/dl) (n = 512) 444.1 ± 549.3 482.0 ± 451.9 0.431
Tumor rich in lipidic content (%) (n = 656) 80.6 82.2 0.618
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95% CI = 0.1–16.2). Bilaterality of AIs was not associated 
with other cardiometabolic comorbidities nor in the pro-
portion of patients that need initiation of antihypertensive 
or antidiabetic medications. However, those patients with 
bilateral AIs presented a higher risk of need to start lipid-
lowering treatment (Supplementary material, Table 3).

Discussion

Our present results suggested that maximum adenoma 
diameter, and not bilaterality itself, is a risk factor for 
ACS in patients with AIs. The prevalence of bilateral AIs 
in our cohort (33.7%) was similar to that described in ear-
lier reports [13, 21]. And even though we found a higher 
prevalence of ACS in bilateral AIs when we considered the 
3.0 µg/dl 1 mg DST threshold for the ACS definition, such 
an increase did not retain statistical significance after the 
analysis was adjusted for tumour size.

To date, studies addressing the association of bilat-
erality of AIs and ACS yielded conflicting results. Three 
out of 6 previous studies found an association [9, 14, 22]. 
However, unilateral AIs were smaller than bilateral AIs in 

two of these studies (23 ± 11 vs 38 ± 12 mm, P < 0.001 [9] 
and 19 vs 26 mm, P = 0.006 [22], respectively) and, in the 
other study reporting an association between ACS and the 
presence of bilateral AIs, the results were not adjusted for 
tumour size even when size was also found to be a risk fac-
tor for ACS (OR 2.6; 95% CI 1.3–5.3) [14]. Furthermore, 
different biochemical criteria were used for the diagnosis of 
ACS in previous publications [14], making difficult direct 
comparisons with our findings. Our hypothesis is that the 
larger tumour size in bilateral than unilateral AIs could 
be related to a longer duration of the disease in bilateral 
tumours, that it may also explain the higher risk of ACS as 
larger the tumour is.

According to our data analysis, tumour size was a 
good predictor of ACS with an OR of 1.1 for each mm of 
increased size and was positively correlated with the results 
of the DST. Tumour size has been recognised as a risk factor 
for malignancy [23] and hypercortisolism in adrenal lesions 
[6, 22, 24, 25]. One study also found that the probability 
for inadequate suppression of serum cortisol on the DST 
increased in parallel to tumour size (OR 1.93, P < 0.001) 
[22]. In agreement with this and our previous work [6] 
and other authors [26, 27], our present results indicate that 

a

c

b

d

Fig. 2  Differences in tumor size according to laterality and func-
tionality. a Differences between all unilateral and bilateral adrenal 
incidentalomas (AIs). b Differences between unilateral and bilateral 

tumors with autonomous cortisol secretion (ACS). c Differences 
between non-functioning unilateral and bilateral AIs. d Differences 
between non-functioning AIs and AIs with ACS.

254



Journal of Endocrinological Investigation 

1 3

tumour size is also associated with the magnitude of ACS. 
Besides, a recent study found a tumor size > 28 mm was 
associated with the risk of developing ACS during follow-
up (HR 12.4; P = 0.003) [25]. This last finding is supported 
by the Elhassan meta-analysis [28], that described a higher 
likelihood of tumour growth in patients with ACS (2.4%) 
than in non-functioning AIs (1.2%).

Similarly, our finding that uni- or bilaterality of AIs did 
not influence cardiovascular or metabolic comorbidities is 
also in agreement with previous publications [14, 25]. In 
fact, this lack of association of bilateral AIs with the preva-
lence of comorbidities was observed even in studies report-
ing an association between the prevalence of ACS and bilat-
erality of AIs [14, 29]. This apparent disagreement between 
the prevalence of ACS and that of ACS-related comorbidi-
ties might be related to a more subtle or even intermittent 
cortisol secretory pattern, or to a lower sensitivity to cortisol 
excess, in patients with bilateral AIs. In fact, certain poly-
morphisms in the gene encoding the glucocorticoid receptor 
were found in patients with bilateral AIs [30–32].

Follow-up studies of bilateral AIs are scarce, but most 
of them found that the rates of tumour growth, and of hor-
monal or metabolic impairment over time, were relatively 
small [28, 33, 34]. Some studies suggested that tumour size 
at diagnosis and duration of follow-up could be associated 
with the development of ACS in patients with AIs [24, 33]. 

Other studies, on the contrary, suggested that the cumula-
tive risk of tumour growth and of development of metabolic 
or cardiovascular abnormalities over time were independent 
of the tumour size at diagnosis [34]. In our cohort, neither 
bilaterality nor tumour size at diagnosis was associated with 
tumour growth or progression to ACS. However, bilateral 
AIs presented a higher risk of developing dyslipidaemia, 
but this association actually depended on the lager tumour 
size attained by bilateral AIs during follow-up. This finding 
highlights the importance of tumour size, which seems to 
have a stronger association with cardiometabolic risk than 
the results of the DST itself. The poorer performance of 
the later to this regard might be explained, at least in part, 
to its low reproducibility, because the DST may be altered 
by several factors that lead to both false-positive and false-
negative results. On the other hand, it is also possible that 
larger tumour size was not only associated with increased 
secretion of cortisol, but also of other bioactive metabolites 
that are not detected with the usual diagnostic tests [35]. 
Moreover, treatment interventions to control ACS-related 
comorbidities should be taken into account when interpret-
ing these results.

Anyhow, we have to acknowledge several limitations 
of our present study, starting with its observational retro-
spective design that precludes addressing causal relation-
ships. Albeit sample size analysis indicated that our study 

Table 3  Differences in clinical 
and hormonal characteristics 
between unilateral and bilateral 
AI with ACS

Quantitative variables are expressed as mean and standard deviation value and qualitative variables as pro-
portions
ACS autonomous cortisol secretion, ACTH adrenocorticotropic hormones, BMI body mass index, DHEAS 
Dehydroepiandrosterone sulphate, HBP high blood pressure, HDL-c high density lipoprotein cholesterol, 
LDL-c low density lipoprotein cholesterol,1 mg DST 1 mg overnight dexamethasone suppression test, UFC 
urinary free cortisol, Tumour size maximum adenoma diameter

ACS unilateral AI (n = 26) ACS bilateral AI (n = 20) P value

Age (years) 59.2 ± 12.7 65.3 ± 8.2 0.067
BMI (kg/m2) 27.1 ± 8.3 29.7 ± 9.9 0.412
Tumor size (mm) 27.8 ± 12.6 36.0 ± 13.8 0.075
Hypertension 69.2% (n = 18) 70.0% (n = 14) 0.955
Type 2 diabetes 28.0% (n = 7) 30.0% (n = 6) 0.883
Dyslipidaemia 60.0% (n = 15) 65.0% (n = 13) 0.731
Obesity 36.4% (n = 8) 52.6% (n = 10) 0.295
Cerebrovascular disease 8.0% (n = 2) 0% (n = 0) 0.196
Cardiovascular disease 12.0% (n = 3) 15.8% (n = 3) 0.717
Fast plasma glucose (mg/dl) (n = 808) 99.1 ± 35.3 99.1 ± 17.5 0.993
HbA1c (%) (n = 314) 6.3 ± 0.8 6.1 ± 0.8 0.647
LDL-c (mg/dl) (n = 582) 117.2 ± 39.9 118.1 ± 24.4 0.939
HDL-c (mg/dl) (n = 584) 49.7 ± 3.7 58.1 ± 5.6 0.223
Triglycerides (mg/dl) (n = 754) 133.0 ± 58.1 107.0 ± 55.4 0.147
1 mg DST (µg/dl) (n = 824) 10.1 ± 10.2 8.9 ± 4.3 0.617
UFC (µg/24 h) (n = 369) 59.0 ± 45.2 57.1 ± 50.1 0.922
ACTH (pg/ml) (n = 549) 20.3 ± 23.2 9.8 ± 4.9 0.084
DHEAS (µg/dl) (n = 512) 325.8 ± 619.5 197.2 ± 122.2 0.436
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had > 95% power to detect differences between unilateral 
and bilateral AIs, we cannot exclude that relatively small 
differences in some variables might have been missed for 
this reason. Moreover, we used a ≥ 5.0 ug/dl post-DST 
serum cortisol as the cut-off value to define ACS and, had 
we used a different threshold, we might have obtained dif-
ferent results. To mitigate this limitation, however, we also 
analysed the post-DST serum cortisol concentrations as 
a continuous variable and using the 3.0 µg/dL threshold 
for the definition of ACS. Finally, due to the multicentric 
nature of our study and the non-centralized lecture of radi-
ological reports, it may be some variability in the reported 
tumour size among centres and different radiologists. In 
our humble opinion, these limitations did not invalidate 
the conclusions of the study, which were in agreement 
with previous publications, and were strengthen by the 
large number of cases included and its multicentre design. 
As best of our knowledge, this is the largest series study-
ing the association of bilaterality and ACS and related 
comorbidities.

Conclusion

Tumour size, not bilaterality, is associated with a higher 
prevalence of ACS. During follow-up, neither tumour size 
nor bilaterality were associated with the tumour growth rate. 
However, the development of dyslipidaemia was higher for 
bilateral AIs, but this was explained by the larger tumour 
size of bilateral lesions at the end of follow-up. Hence, 
tumour size, and not bilaterality, should be taken into 
account for the evaluation and follow-up strategies of AIs. 
Larger prospective studies should be conducted to validate 
these observations.
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Abstract
Purpose The aim of this study was to evaluate the diagnostic accuracy of the 1 mg dexamethasone suppression test (DST) for 
the prediction of autonomous cortisol secretion (ACS)-related comorbidities in patients with adrenal incidentalomas (AIs).
Methods This was a retrospective multicenter study. We recruited patients with AI/s ≥ 1 cm, excluding those who, during 
the study, were found during the extension study of an extra-adrenal cancer, with a known diagnosis of hereditary syndromes 
characterized by adrenal tumors, those presenting with overt hormonal excess syndromes, and those in whom the DST results 
were missing.
Results A total of 823 patients met the inclusion criteria. Based on the 1.8, 3.0, and 5.0 µg/dl post-DST cortisol thresholds, 
the prevalence of ACS was 33.5%, 13.7%, and 5.6%, respectively. The prevalence of hypertension (OR = 1.8, 95% CI = 1.3–
2.4), diabetes (OR = 1.6, 95% CI = 1.2–2.2), and dyslipidemia (OR = 1.4, 95% CI = 1.0–1.9) was higher with cortisol post-
DST ≥ 1.8 µg/dl; the prevalence of hypertension (OR = 2.1, 95% CI = 1.4–3.3) and diabetes (OR = 1.7, 95% CI = 1.1–2.6) 
was higher with values ≥ 3.0 µg/dl; and the prevalence of hypertension (OR = 2.0, 95% CI = 1.0–3.7) was higher with lev-
els ≥ 5.0 µg/dl. However, the diagnostic accuracy of the DST for the prediction of cardiometabolic comorbidities in patients 
with AIs was poor, with areas under the ROC curve < 0.61.
Conclusions The DST is a poor predictor of cardiometabolic comorbidities in patients with AIs regardless of the cortisol 
cut-off values applied. This finding suggests that the diagnosis of ACS should not be based solely on the results of the DST. 
Other clinical, metabolic, or imaging markers showing a better performance for the prediction of the development and pro-
gression of cardiometabolic comorbidities in AIs need to be identified.

Keywords Adrenal incidentalomas · Autonomous cortisol secretion · Dexamethasone suppression test · Autonomous 
cortisol secretion-related comorbidities · Non-functioning adrenal incidentalomas
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Introduction

Adrenal incidentalomas (AIs) are adrenal masses that are 
incidentally found in any imaging study performed for rea-
sons unrelated to adrenal disease [1]. The prevalence of 
AIs is estimated to be 10% in the general population [2, 
3]. Although most AIs are non-functioning adrenocortical 
adenomas, hormonal hypersecretion needs to be ruled out 
during the initial evaluation in all cases [4]. Autonomous 
cortisol secretion (ACS) may be detected in up to 50% 
of patients with AIs who do not show overt clinical evi-
dence of adrenal hormone excess [5]. ACS is defined by 
biochemical evidence of cortisol excess in the absence of 
specific clinical signs of Cushing’s syndrome [6] and has 
been associated with an increased risk of cardiovascular 
and metabolic comorbidities and mortality [2, 6].

However, establishing biochemical evidence of cortisol 
excess is often challenging, and several screening tests 
for ACS have been proposed in patients with AIs. Most 
scientific societies recommend the 1 mg overnight dexa-
methasone suppression test (DST) [2, 5, 7], yet there is 
no consensus on which is the threshold of serum corti-
sol concentration that defines ACS [5, 8–11]. Depending 
on the threshold used, ACS may be present in 3 to 100% 
of patients with AIs; therefore, the reported sensitivity 
(44–100%) and specificity (24–100%) of the test for the 
screening of ACS varies widely [5, 11, 12]. Most authors 
agree that post-DST cortisol concentrations ≤ 1.8 μg/dl are 
normal, that values > 5.0 μg/dl are abnormal and point to 
hypercortisolism even in the absence of symptoms, and 
that values between 1.8 and 5.0 μg/dl need additional tests 
[2, 4].

In the absence of clinical signs of hypercortisolism, the 
diagnosis of ACS in patients with AIs is relevant for the 
identification of subjects at increased risk for cardiovascu-
lar disease and fragility fractures as well as at metabolic 
risk. Few studies, however, have addressed this issue to date. 
Some studies found the 1.8 µg/dl post-DST cortisol thresh-
old to be the most sensitive for the screening of comorbidi-
ties [13, 14]. Others advocate for higher post-DST cortisol 
thresholds to improve the sensitivity–specificity balance [15, 
16], while yet others consider that post-DST cortisol should 
be used in combination with low ACTH and high urinary 
free cortisol (UFC) to improve the prediction of ACS-related 
comorbidities [17], or even to predict the metabolic outcome 
after adrenalectomy [18]. Furthermore, the overall perfor-
mance of the DST test for the diagnosis of ACS-related 
comorbidities remains to be established.

Our aim was to analyze the diagnostic performance of 
the DST as a screening tool for ACS-related comorbidities 
as well as to identify, among post-DST cortisol thresholds, 
that showing the best accuracy for this purpose.

Methods

Study population

A retrospective multicenter study of patients with AIs was 
carried out in seven Spanish academic institutions. A total 
of 977 patients with one or more AI/s evaluated between 
2001 and March 2020 were identified. These were patients 
between 18 and 90 years old with incidentally discovered 
unilateral and/or bilateral AIs, of at least 10 mm at its larg-
est diameter, who were included in the Spanish INCIDEN-
TALOMA registry. Exclusion criteria for being registered in 
the INCIDENTALOMA registry were as follows: (i) known 
diagnosis of hereditary syndromes associated with adrenal 
tumors; (ii) chronic treatment with glucocorticoids or drugs 
that affect dexamethasone metabolism; (iii) current treat-
ment with oral hormonal contraceptives (treatment should be 
suspended for at least 6 weeks before performing the func-
tionality study); and (iv) AIs identified during the extension 
study of an extra-adrenal primary cancer.

Additional exclusion criteria for the present study were 
the following: (i) patients with overt syndromes of hormone 
excess such as Cushing’s syndrome (n = 9), primary aldo-
steronism (n = 26), pheochromocytoma (n = 6), or sexual 
steroid producing adrenal lesions (n = 0); (ii) patients with 
a diagnosis of adrenocortical carcinoma (n = 4); and (iii) 
patients showing missing values in the initial DST (n = 109) 
(Fig. 1). We analyzed patients’ data obtained during their 
initial evaluation and at their last available follow-up visit.

The study was approved by the local Ethics Committee 
(EC) of Hospital Universitario Ramón y Cajal, Madrid, 
Spain. Informed consent was requested of those patients who 
continued in follow-up in the Endocrinology Department, 

977 patients with AIs evaluated between 2001 
and 2020 at 7 Spanish academic centers

Exclusion criteria:
-Overt Cushing syndrome (n=9)
-Primary aldosteronism (n=26)
-Pheochromocytoma (n=6) 
-Adrenocortical carcinoma (n=4)
-Missing value in DST (n=109)

823 patients met inclusion
criteria (study cohort)

Fig. 1  Study population and inclusion study population. Abbrevia-
tions: AIs, adrenal incidentalomas; DST, dexamethasone suppression 
test. Abbreviations: AIs, adrenal incidentalomas; DST, dexametha-
sone suppression test
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but the EC did not consider it necessary to call those patients 
who were no longer receiving follow-up.

Clinical evaluation and definitions

Medical records were reviewed to extract information on 
demographics, such as age and sex, comorbidities (hyperten-
sion, type 2 diabetes, obesity, dyslipidemia, and cerebrovas-
cular and cardiovascular disease), anthropometric variables 
(body mass index (BMI)), and systolic and diastolic blood 
pressure.

Type 2 diabetes, obesity, hypertension, dyslipidemia, 
and cardiovascular and cerebrovascular disease were con-
sidered ACS-related comorbidities. Obesity was defined 
as BMI ≥ 30 kg/m2. Hypertension was defined as systolic 
blood pressure ≥ 140 mmHg and/or diastolic ≥ 90 mmHg, or 
current use of high blood pressure medications. Diagnosis 
of type 2 diabetes and dyslipidemia was based on current 
standards [19, 20]. Cardiovascular disease was defined as 
ischemic heart disease or heart failure, and cerebrovascular 
disease as transient ischemic attack or acute stroke.

Hormonal and biochemical evaluation

During the initial evaluation, all AI patients underwent a 
DST and had urinary free catecholamines and/or urinary 
free metanephrines (normetanephrine and metanephrine) 
measured. At the discretion of the patient’s physician, the 
study was completed by measuring early morning circulating 
cortisol, adrenocorticotropic hormone (ACTH) and dehy-
droepiandrosterone sulfate (DHEA-S), night-time salivary 
cortisol, and 24 h urinary free cortisol concentrations (UFC). 
The aldosterone/renin ratio was also evaluated in hyperten-
sive patients, and 17-hydroxy-progesterone and serum basal 
cortisol were measured in bilateral AIs. At the last available 
follow-up visit, DST was re-evaluated in 437 patients, with 
other hormones being measured if deemed necessary by the 
patients’ physician.

In addition, all patients underwent routine biochemical 
profile tests after an 8-h overnight fast both during their ini-
tial evaluation and at their last follow-up visit. The profile 
included fasting plasma glucose (FPG), total cholesterol, 
LDL-c, HDL-c, and triglycerides. HbA1c was also meas-
ured in 314 patients.

The diagnosis of ACS required the absence of cortisol 
suppression at 8:00 am following the administration of 
1 mg dexamethasone at 11.00 pm the previous night, in 
the absence of specific clinical features of Cushing’s syn-
drome such as myopathy, ecchymosis, and/or cutaneous 
atrophy [6]. Three different DST thresholds were evalu-
ated to define cortisol suppression, namely, 1.8, 3.0, and 
5.0 µg/dl. Post-DST serum cortisol concentrations were 

also analyzed as a continuous variable using receiver oper-
ating characteristics (ROC) curve analysis.

Demographic, clinical, analytical, hormonal, and radi-
ological data were evaluated both at recruitment and at 
the last follow-up visit. Management decision — either 
observation or surgery — after the last follow-up visit was 
also recorded.

Imaging studies

All patients were submitted to an abdominal CT or MRI 
during their initial evaluation. Tumor size (largest diam-
eter), uni- or bi-laterality, presence of necrosis, calcifica-
tion, atypical characteristics, lipid content, and radioden-
sity in Hounsfield units were evaluated. In bilateral AIs, 
the tumor size recorded was that of the largest AI. During 
follow-up, CT was repeated in 386 patients and MRI was 
repeated in 259 patients.

Statistical analysis

Categorical variables are expressed as percentages; quanti-
tative variables are expressed as mean ± standard deviation 
or median and range depending on the normal distribution 
of the variable. Odds ratios (with 95% confidence inter-
vals) and mean differences were calculated as association 
measures. Student’s t test was used to compare differences 
between two groups (the normality of the sampling distri-
bution was confirmed). Pearson’s correlation coefficients 
(r) were used to evaluate correlations between continu-
ous variables. The chi-square test was performed for the
comparison of categorical variables between independent
groups. Comparisons between paired samples (baseline
vs. follow-up evaluation values) were assessed by paired
t-tests or McNemar tests, as appropriate. Predictive factors
of ACS-related comorbidities were identified by logistic
regression, and COX regression model was used for the
estimation of hazard ratios. Nonparametric ROC curve
analysis was used to determine the diagnostic accuracy
of post-DST cortisol concentrations for the prediction of
ACS-related comorbidities regardless of predefined cut-
off values [21]. All statistical analyses were performed
with STATA.15. In all cases, a two-tailed P value < 0.05 
was considered statistically significant. The power of the
ROC curves of the study was calculated using MedCalc
software.
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Results

Characteristics of the study cohort at inclusion 
in the registry

The mean age of the 823 patients was 63.1 ± 11.0 year-old, 
of whom 472 (57%) were women and 351 (43%) were men. 
AIs were unilateral in 546 cases (66%) and bilateral in 277 
patients (34%). Mean adenoma size was 20.7 ± 10.5 mm.

At inclusion, 650 patients (83.7%) had one or more 
putative ACS-related comorbidities, specifically: 446 
(54.7%) had hypertension; 261 (38.0%) had obesity; 420 
(51.5%) had dyslipidemia; 212 (26.0%) had type 2 diabe-
tes; 99 (12.2%) had cardiovascular disease; and 19 (2.3%) 
had cerebrovascular disease. The prevalence of ACS was 
33.5% (n = 276), 13.7% (113), and 5.6% (n = 46) for the 
1.8, 3.0, and 5.0 µg/dl DST thresholds, respectively.

Differences in the cardiometabolic profile according 
to different ACS diagnostic thresholds

The cardiometabolic profile of AI patients with and with-
out ACS criteria was compared considering the three dif-
ferent diagnostic post-DST cortisol thresholds currently in 
use, namely, 1.8, 3.0, and 5.0 µg/dl. Table 1 summarizes 
the differences in demographic, analytical, and imaging 
features, as well as in ACS-related comorbidities, between 
the two groups separately for each post-DST cortisol 
threshold.

Using the 1.8 µg/dl threshold, no differences were found 
in sex or BMI between groups. Patients with ACS, how-
ever, were older, had larger AIs, and were more likely to 
present with ACS-related comorbidities than non-function-
ing AIs (NFAIs). Patients with ACS had higher prevalence 
of hypertension, type 2 diabetes, and dyslipidemia than 
patients with NFAIs. These differences continued being 
significant after adjusting for age (adjusted OR for hyper-
tension was 1.7 [95% CI = 1.2–2.3, P < 0.0001], for type 
2 diabetes 1.5 [95% CI = 1.1–2.1, p < 0.001], and for dys-
lipidemia 1.3 [95% CI = 1.0–1.7, p < 0.0001]) (Table 1).

Using the 3.0  µg/dl threshold, no differences were 
observed in age, sex, or BMI at presentation, but tumor 
size was significantly larger in patients with ACS. Patients 
with ACS had higher prevalence of hypertension and type 
2 diabetes than patients with NFAIs, but no differences 
were observed in any of the other ACS-related cardiometa-
bolic comorbidities evaluated (Table 1).

Using the 5.0  µg/dl threshold, no differences were 
observed in age or BMI at presentation, but there was a 
female predominance among ACS patients. Tumor size 
was on average more than 10 mm larger in ACS patients. 

Hypertension was more prevalent among the ACS group, 
but no other differences were found in the cardiometa-
bolic profile between patients with ACS and with NFAIs 
(Table 1).

Assessment of diagnostic accuracy of DST 
for ACS‑related cardiometabolic comorbidities

Even though ACS-related comorbidities were associated 
with incomplete suppression of serum cortisol concentra-
tions in the DST, the diagnostic accuracy of this test to 
predict ACS-related comorbidities was very poor, indi-
cating lack of clinical usefulness [AUC = 0.583, 95% CI: 
0.547–0.618; power (1-β) = 0.86]. Among post-DST corti-
sol concentrations, the best combination of sensitivity and 
specificity to identify patients presenting with at least one 
ACS-related comorbidity was that of the 1.5 µg/dl result, 
but these values — 53% sensitivity and 60% specificity — 
further suggested that the DST was inaccurate for this pur-
pose in the clinical setting. Moreover, ROC curve analysis 
indicated that the DST was also not useful to predict any of 
the individual comorbidities separately (all areas under the 
ROC curve were below 0.61, Fig. 2).

In the logistic regression model, the predictive capacity 
of the DST for diabetes, hypertension, dyslipidemia, obesity, 
and cardiovascular and cerebrovascular events was also low 
 (LR2 < 1.0 and p > 0.05 for all analyses; data not shown).

UFC and night-time salivary cortisol were available in 
369 and 253 patients, respectively. The AUC in the ROC 
curves of both tests was even lower than the DST for the 
prediction of ACS comorbidities (AUC 0.527, 95% CI: 
0.451–0.604 and AUC 0.512, 95% CI: 0.405–0.620, 
respectively).

Follow‑up study

Follow-up clinical and hormonal information was avail-
able in 437 patients. They were followed up for a median 
time of 31 [range 4.2 to 188.6] months. During follow-
up, the mean overall increase in post-DST cortisol con-
centrations was 0.2 ± 6.1 µg/dl. A total of 31 out of 235 
(13.2%), 20 out of 360 (5.6%), and 15 out of 410 (3.7%) 
patients with NFAIs at presentation developed ACS during 
follow-up, using the 1.8, 3.0, or 5.0 µg/dl DST thresholds, 
respectively. None of the cases developed overt hormone 
excess syndromes during follow-up or malignancy. Some 
patients developed ACS-related comorbidities during fol-
low-up (5.4% type 2 diabetes; 5.4% hypertension; 10.6% 
dyslipidemia; 4.2% obesity; 2.0% cardiovascular disease; 
and 0.5% cerebrovascular disease). Thirteen AIs showed 
significant tumor growth (as defined by an increase above 
10 mm). Twenty-five unilateral AIs were submitted to 
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unilateral adrenalectomy, with most of them being adren-
ocortical adenomas on histological examination, except 
two that were myelolipomas. No differences were found 
between patients with ACS and patients with NFAI in the 
rate of tumor growth or in the rate of new onset cardio-
metabolic comorbidities, regardless of the DST threshold 
used to define ACS. Most markers of cardiometabolic risk 
such as HbA1c, BMI, and lipid profile remained stable or 
even improved during follow-up in ACS patients (Table 2).

Discussion

The major finding of our study is that, based on the ROC 
curve analysis of a large and adequately powered retro-
spective series of 823 patients with AIs, the overnight 
1 mg DST test fails to predict ACS-related comorbidities, 
either individually or when considering all these comor-
bidities as a whole [21]. In fact, the areas under the ROC 
curves were below 0.62 for all comorbidities, indicating 

Table 1  Cardiometabolic profile at presentation in patients with ACS vs patients with NFAI.

ACTH (normal range: 9 to 52 pg/ml); ACS, autonomous cortisol secretion; BMI, body mass index; DHEAS, dehydroepiandrosterone sulfate; 
FPG, fasting plasma glucose levels; HbA1c, hemoglobin A1c; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cho-
lesterol; NFAI, non-functioning adrenal incidentaloma; UFC, urinary-free cortisol. Differences were analyzed using three different post-DST 
cortisol thresholds as follows: 1.8, 3.0, and 5.0 µg/dl. Differences in quantitative variables are expressed in mean differences (d) between the 
ACS and NFAI group (the differences were calculated with Student’s t test), and for qualitative variables, differences are expressed in odds ratios 
(OR) and 95% confident interval (OR and confident intervals were calculated with logistic regression model using ACS as the reference group). 
Results in bold refer to statistically significant results

Variable  ≥ 1.8 µg/dl
ACS (n = 276) vs NFAI (n = 547)

 ≥ 3 µg/dl
ACS (n = 113) vs NFAI (n = 710)

 ≥ 5 µg/dl
ACS (n = 46) vs NFAI (n = 777)

Age, years 64.8 ± 10.7 vs 62.3 ± 11.1, P = 0.002 64.0 ± 10.8 vs 63.0 ± 11.1, P = 0.370 61.9 ± 11.3 vs 63.2 ± 11.0, P = 0.423
Male sex OR = 0.9, 95% CI = 0.7–1.2, P = 0.535 OR = 0.8, 95% CI = 0.5–1.1, P = 0.181 OR = 0.4, 95% CI = 0.2–0.7, 

P = 0.003
Presence of any ACS-related comor-

bidities
OR = 1.6, 95% CI = 1.1–2.5, P = 0.019 OR = 2.2, 95% CI = 1.1–4.3, P = 0.015 OR = 2.9, 95% CI = 0.9–9.4, P = 0.045

Diabetes OR = 1.6, 95% CI = 1.2–2.2, P = 0.005 OR = 1.7, 95% CI = 1.1–2.6, P = 0.014 OR = 1.2, 95% CI = 0.6–2.3, P = 0.654
Oral hypoglycemic treatment or insulin 

therapy
OR = 1.6, 95% CI = 1.0–2.3, P = 0.037 OR = 2.0, 95% CI = 1.2–3.4, P = 0.012 OR = 1.4, 95% CI = 0.6–3.3, P = 0.403

Hypertension OR = 1.8, 95% CI = 1.3–2.4, P < 0.001 OR = 2.1, 95% CI = 1.4–3.3, P < 0.001 OR = 2.0, 95% CI = 1.0–3.7, 
P = 0.034

Antihypertensive therapy OR = 1.9, 95% CI = 1.3–2.8, P = 0.001 OR = 2.3, 95% CI = 1.3–4.1, P = 0.004 OR = 2.3, 95% CI = 0.9–5.7, P = 0.065
Dyslipemia OR = 1.4, 95% CI = 1.0–1.9 P = 0.029 OR = 1.4, 95% CI = 0.9–2.1, P = 0.094 OR = 1.6, 95% CI = 0.9–2.9, P = 0.140
Lipid-lowering therapy OR = 1.3, 95% CI = 0.9–1.9, P = 0.175 OR = 1.5, 95% CI = 0.9–2.6, P = 0.112 OR = 2.3, 95% CI = 1.0–5.5, P = 0.052
Obesity OR = 0.9, 95% CI = 0.7–1.3, P = 0.557 OR = 1.1,95% CI = 0.7–1.6, P = 0.783 OR = 1.3, 95% CI = 0.7–2.5, P = 0.425
Cerebrovascular disease OR = 1.2, 95% CI = 0.5–3.0, P = 0.756 OR = 1.2, 95% CI = 0.3–4.1, P = 0.797 OR = 2.1, 95% CI = 0.5–9.2, P = 0.386
Cardiovascular disease OR = 1.4, 95% CI = 0.9–2.1, P = 0.136 OR = 1.2, 95% CI = 0.7–2.2, P = 0.474 OR = 1.1, 95% CI = 0.5–2.8, P = 0.784
BMI (kg/m2) 28.6 ± 7.4 vs 29.0 ± 7.2, P = 0.472 28.7 ± 7.7 vs 28.9 ± 7.2, P = 0.780 28.3 ± 9.0 vs 28.9 ± 7.2, P = 0.630
Systolic blood pressure (mmHg) 135.9 ± 18.0 vs 135.5 ± 17.6, P = 0.806 136.7 ± 18.8 vs 135.4 ± 17.6, P = 0.533 135.9 ± 17.4 vs 135.6 ± 17.4, 

P = 0.909
Dyastolic blood pressure (mmHg) 78.7 ± 10.6 vs 79.7 ± 10.1, P = 0.254 79.6 ± 10.2 vs 79.3 ± 10.3, P = 0.769 78.4 ± 11.7 vs 79.4 ± 10.2, P = 0.551
FPG (mg/dl) 111.7 ± 36.2 vs 104.9 ± 28.7, P = 0.004 112.5 ± 40.8 vs 106.3 ± 29.8, P = 0.055 99.1 ± 28.3 vs 107.6 ± 31.7, P = 0.081
HbA1c (%) 6.5 ± 1.2 vs 6.3 ± 4.4, P = 0.738 6.5 ± 1.2 vs 6.4 ± 3.9, P = 0.861 6.2 ± 0.8 vs 6.4 ± 3.7, P = 0.860
LDL-c (mg/dl) 114.0 ± 36.0 vs 116.8 ± 34.0, P = 0.364 114.5 ± 33.1 vs 116.1 ± 34.9, P = 0.711 117.6 ± 32.3 vs 115.8 ± 34.8, 

P = 0.755
HDL-c (mg/dl) 51.1 ± 15.2 vs 53.9 ± 16.2, P = 0.047 52.0 ± 17.1 vs 53.1 ± 15.8, P = 0.575 53.9 ± 20.3 vs 52.9 ± 15.6, P = 0.718
Triglycerides (mg/dl) 119.2 ± 60.7 vs 110.5 ± 53.4, P = 0.044 117.0 ± 54.3 vs 112.8 ± 56.3, P = 0.492 120.6 ± 57.7 vs 113.0 ± 55.9, 

P = 0.390
UFC (µg/24 h) 54.0 ± 41.3 vs 45.5 ± 90.5, P = 0.287 60.6 ± 48.8 vs 46.3 ± 79.2, P = 0.154 58.2 ± 46.3 vs 48.2 ± 76.6, P = 0.493
ACTH (pg/ml) 15.8 ± 21.3 vs 21.1 ± 21.9, P = 0.006 15.5 ± 15.8 vs 19.9 ± 22.7, P = 0.092 16.0 ± 18.7 vs 19.5 ± 22.1, P = 0.340
DHEAS (ng/ml) 315.5 ± 375.6 vs 523.3 ± 3, P < 0.0001 334.1 ± 468.9 vs 474.1 ± 522.3, 

P = 0.046
265.5 ± 457.3 vs 469.9 ± 519.4, 
P = 0.030

Tumor size (mm) 24.8 ± 10.9 vs 18.8 ± 9.8, P < 0.0001 27.2 ± 12.6 vs 19.6 ± 9.8, P < 0.0001 31.6 ± 13.6 vs 19.9 ± 9.9, P < 0.0001
Bilaterality OR = 2.0, 95% CI = 1.5–2.7, P < 0.001 OR = 2.1, 95% CI = 1.4–3.1, 

P < 0.0001
OR = 1.6, 95% CI = 0.9–2.8, P = 0.154

Tumor rich in lipidic content OR = 0.8, 95% CI = 0.5–1.2, P = 0.273 OR = 0.5, 95% CI = 0.3–0.9, P = 0.024 OR = 0.6, 95% CI = 0.3–1.2, P = 0.164
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that the DST was only marginally better than chance 
(which would yield a 0.50 value) for this purpose.

Accordingly, all the thresholds suggested by the ROC 
curve analysis software used here for post-DST cortisol 
concentrations lacked the minimum sensitivity and speci-
ficity combinations to be clinically useful. Importantly, the 
prevalences of ACS, diabetes, hypertension, dyslipidemia, 
obesity, and cardiometabolic complications in our series 
were similar to those reported in previous publications 
[14, 16, 22–25], implying that our sample may be repre-
sentative of what happens in clinical practice, allowing 
extrapolation of our present results to other populations.

Previous studies suggested that the prevalence of ACS-
related comorbidities correlated directly with post-DST cor-
tisol levels [2, 5, 7], explaining the recommendation of this 
test as a screening of ACS in patients with AIs. In fact, even 
in our series, lack of complete suppression of early morning 
cortisol concentrations after the DST was associated with 
the presence of ACS-related comorbidities, in agreement 
with the overall concept of ACS and the increased incidence 
of cardiometabolic comorbidities in apparently non-func-
tioning AIs found in some studies [26, 27].

However, our present results indicate that the 1 mg over-
night DST is not an appropriate tool for the diagnosis of 

Fig. 2  ROC curve analysis of the performance of the overnight dexa-
methasone suppression test (DST) for the prediction of ACS-related 
comorbidities. AUC, area under the ROC curve; DST, dexametha-
sone suppression test. ROC curves using the dexamethasone sup-
pression test for the prediction of a type 2 diabetes (AUC = 0.598, 
95% CI = 0.564–0.632), optimal threshold: 1.32, with a sensitiv-
ity of 66.0% and specificity of 48.4%, power = 0.98; b hyperten-
sion (AUC = 0.613, 95% CI = 0.578–0.646), optimal threshold 1.45 
with a sensitivity of 58.5% and specificity of 58.9%, power = 0.99; 

c dyslipidemia (AUC = 0.580, 95% CI = 0.546–0.615), optimal 
threshold 1.46 with a sensitivity of 56.0% and specificity of 55.8%, 
power = 0.97; d obesity (AUC = 0.463, 95% CI = 0.425–0.501), opti-
mal threshold 1.56 with a sensitivity of 46.0% and specificity of 
52.6%, power = 0.95; e cardiovascular disease (AUC = 0.586, 95% 
CI = 0.551–0.620), optimal threshold 1.48 with a sensitivity of 62.6% 
and specificity of 52.2%, power = 0,75; and f cerebrovascular disease 
(AUC = 0.528, 95% CI = 0.493–0.562), optimal threshold 1.63 with a 
sensitivity of 47.4% and specificity of 58.7%, power < 0.70
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ACS in patients with AIs in routine clinical practice, and that 
the actual demonstration of the autonomy of cortisol secre-
tion in these patients requires a more convincing approach. 
Several weaknesses of the DST may contribute to this lack 
of accuracy, such as patient compliance with the ingestion of 
dexamethasone the night before testing and individual differ-
ences in the intestinal absorption and hepatic metabolism of 
dexamethasone. The former might be altered in patients with 
intestinal disorders, including lactose intolerance or celiac 
disease — most dexamethasone preparations available in 
Spain contain lactose — and the latter may be accelerated 
by some medications [28].

In addition, the poor performance of the DST test in our 
study may be explained by factors unrelated to AIs that 
might be the real drivers of the initiation and progression 
of the comorbidity observed in some patients. Furthermore, 
there may be other AI-related factors aside from the grade 
of autonomy of cortisol secretion that could contribute to the 
occurrence and/or progression of cardiometabolic comorbidi-
ties, such as tumor size, duration of cortisol hypersecretion 
(which in retrospective series can only be accounted for since 
the time of diagnosis), or hypersecretion of steroid metabolites 
other than cortisol which are usually not measured in clinical 
practice. The latter could also be contributing to the excess 

Table 2  Differences between patients with ACS and patients with NFAI in the occurrence of newly diagnosed cardiometabolic disorders during 
follow-up, depending on the DST threshold used to define ACS

Differences between patients with ACS and patients with NFAI were analyzed using three different post-DST cortisol thresholds, as follows: 1.8, 
3.0, and 5.0 µg/dl. Comparisons of continuous variables between baseline vs. follow-up were assessed by paired t-tests and hazard ratios (HR), 
and confident intervals were calculated using COX regression model (ACS group was considered the reference group). ∆, differences between 
the mean values at presentation and at last follow-up visit. ACS, autonomous cortisol secretion; BMI, body mass index; DST, 1 mg overnight 
dexamethasone suppression test; FPG, fasting plasma glucose levels; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipopro-
tein cholesterol; NFAI, non-functioning adrenal incidentaloma. Bold entries make reference to statistically significant results

Variable  ≥ 1.8 µg/dl
ACS (n = 276) vs NFAI (n = 547)

 ≥ 3 µg/dl
ACS (n = 113) vs NFAI (n = 710)

 ≥ 5 µg/dl
ACS (n = 46) vs NFAI (n = 777)

Diabetes HR = 0.9, 95% CI = 0.5–1.8,
P = 0.782

HR = 0.7, 95% CI = 0.3–1.9, 
P = 0.517

HR = 0.4, 95% CI = 0.1–3.1, 
P = 0.330

Hypertension HR = 0.6, 95% CI = 0.3–1.2,
P = 0.156

HR = 0.7, 95% CI = 0.3–1.8, 
P = 0.442

HR = 1.2, 95% CI = 0.4–4.0, 
P = 0.745

Dyslipidemia HR = 0.7, 95% CI = 0.4–1.2, 
P = 0.219

HR = 0.6, 95% CI = 0.3–1.3, 
P = 0.182

HR = 0.9, 95% CI = 0.3–2.4, 
P = 0.773

Obesity HR = 1.0, 95% CI = 0.4–2.3, 
P = 0.994

HR = 1.3, 95% CI = 0.5–3.5, 
P = 0.625

HR = 3.1, 95% CI = 1.0–9.02, 
P = 0.073

Cerebrovascular disease HR = 0.2, 95% CI = 0.2–24.6, 
P = 0.503

HR = 5.8, 95% CI = 0.5–65.2, 
P = 0.139

NC

Cardiovascular disease HR = 1.5, 95% CI = 0.5–4.6, 
P = 0.433

HR = 0.3, 95% CI = 0.0–2.4, 
P = 0.182

NC

∆ BMI (kg/m2) 0.1 ± 0.2 vs − 0.0 ± 0.2
P = 0.740

 − 0.4 ± 0.3 vs 0.2 ± 2.7
P = 0.217

− 0.3 ± 0.4 vs 0.0 ± 0.1
P = 0.524

∆ Systolic blood pressure (mmHg)  − 2.8 ± 1.8 vs 0.2 ± 1.1
P = 0.133

 − 0.6 ± 2.8 vs − 1.0 ± 1.0
P = 0.877

− 3.8 ± 5.1 vs − 0.7 ± 0.9
P = 0.420

∆ Diastolic blood pressure (mmHg)  − 0.3 ± 1.0 vs 0.6 ± 0.6
P = 0.395

 − 1.7 ± 1.3 vs 0.7 ± 0.6
P = 0.087

− 0.7 ± 2.4 vs 0.3 ± 0.5
P = 0.632

∆ FPG (mg/dl) − 1.1 ± 1.9 vs 1.8 ± 1.5
P = 0.242

 − 1.1 ± 3.2 vs 1.1 ± 1.3
P = 0.507

− 3.9 ± 3.8 vs 1.0 ± 1.2
P = 0.329

∆ HbA1c (%) − 0.1 ± 0.1 vs − 0.4 ± 0.6
P = 0.759

 − 0.1 ± 0.2 vs − 0.3 ± 0.5
P = 0.838

− 0.1 ± 0.2 vs − 0.3 ± 0.4
P = 0.900

∆ LDL-c (mg/dl) − 9.1 ± 2.9 vs − 7.4 ± 2.1
P = 0.642

 − 11.5 ± 4.1 vs − 7.4 ± 1.9
P = 0.393

− 7.3 ± 5.8 vs − 8.0 ± 1.8
P = 0.911

∆ HDL-c (mg/dl) 2.3 ± 0.7 vs 2.3 ± 1.1
P = 0.502

2.6 ± 1.3 vs 1.7 ± 0.6
P = 0.583

2.4 ± 2.0 vs 1.8 ± 0.6
P = 0.790

∆ Triglycerides (mg/dl) − 0.2 ± 4.2 vs 2.8 ± 2.8
P = 0.543

1.1 ± 5.7 vs 1.8 ± 2.6
P = 0.906

− 2.6 ± 7.9 vs 2.0 ± 2.4
P = 0.632

∆ Tumor size (mm) 0.2 ± 0.6 vs 0.3 ± 0.3
P = 0.874

0.1 ± 1.2 vs 0.3 ± 0.3
P = 0.832

− 0.5 ± 0.9 vs 0.3 ± 0.3
p = 0.460

∆ Tumor size > 10 mm HR = 1.1, 95% CI = 0.4–3.3
P = 0.846

HR = 2.3, 95% CI = 0.8–7.2
P = 0.157

HR = 1.1, 95% CI = 0.1–8.7
P = 0.919
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comorbidity observed in apparently non-functioning AIs [29, 
30].

In our series, albeit ACS was associated with several car-
diometabolic diseases at presentation, such as hypertension, 
dyslipidemia, and diabetes, we did not observe worsening of 
these comorbidities over time. This observation could also 
be explained by the fact that factors other than ACS could 
have been the main drivers of these comorbidities, although 
it could also reflect the lack of progression of ACS in most 
patients during follow-up. Supporting this observation, previ-
ous studies have also found a low probability of progression of 
cardiometabolic comorbidities during follow-up of AIs with 
ACS [31, 32]. On the other hand, Dalmazi et al. [33] reported 
that 42.2% of patients developed subclinical Cushing’s syn-
drome or worsened secreting patterns. Moreover, they found 
that cardiovascular events were associated independently with 
a change (from baseline to the end of follow-up) in cortisol 
concentrations post DST (hazard ratio 1.13, 95% CI 1.05–1.21; 
P = 0.001). However, since we did not control for dosing or 
number of drugs needed to treat these comorbidities, we can-
not rule out a selection bias if patients with ACS had a tighter 
metabolic control than patients with non-functioning AIs.

Nevertheless, our study was not free of several limitations. 
First, its retrospective nature did not allow for conclusions to 
be reached in terms of causality, while the risk of confounding 
factors was higher. Second, some related comorbidities such 
as osteoporosis and fracture risk have not been evaluated due 
to the higher prevalence of missing values. Furthermore, the 
difficulties in studying multifactorial complex diseases with 
classic statistics [23] should be taken into account along with 
the fact that besides cortisol secretion, even peripheral cortisol 
activation and tissue cortisol sensitivity may play a role in 
the pathogenesis of ACS-related comorbidities [34]. It is also 
possible that longer follow-up is needed to identify relevant 
changes in cardiometabolic outcomes. However, most guide-
lines suggest that 5 years of follow-up is sufficient for patients 
with AIs, a figure that is close to the mean duration of follow-
up in our series. Additionally, as stated above, dexamethasone 
metabolism could be affected by several factors such as drugs, 
obesity, type 2 diabetes, and other comorbidities [35, 36]. For 
this reason, some experts propose simultaneous measurement 
of cortisol and dexamethasone levels after a DST to ensure that 
adequate serum dexamethasone concentrations were reached 
during the test. We did not measure dexamethasone levels rou-
tinely; thus, this information was not available in our study.

Conclusion

Our study indicates that the 1 mg DST fails to identify 
among patients those with cardiometabolic comorbidities 
and/or those developing them during follow-up. Based on 
our present results, an accurate diagnosis of ACS requires 

more complete workups possibly including the combination 
of biochemical tests and imaging techniques. Such workups 
should establish the presence of actually unregulated ACS 
with certainty, only this certainty being capable of solving 
the issue of the association of AIs with cardiometabolic dis-
orders as well as of establishing the putative causal role of 
subclinical cortisol excess in this association. Finally, further 
studies are needed to identify other clinical and/or metabolic 
markers of the development and progression of cardiometa-
bolic comorbidities in patients with AIs.
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Diagnostic accuracy of the different 
hormonal tests used 
for the diagnosis of autonomous 
cortisol secretion
Marta Araujo‑Castro 1,4,5*, Ana García Cano2, Lucía Jiménez Mendiguchía2, 
Héctor F. Escobar‑Morreale3,4,5,6 & Pablo Valderrábano3,5

To evaluate the diagnostic accuracy of the different tests commonly used in the evaluation of adrenal 
incidentalomas (AIs) for the identification of autonomous cortisol secretion (ACS) and comorbidities 
potentially related to ACS. In a retrospective study of patients with AIs ≥ 1 cm, we evaluated the 
diagnostic reliability and validity of the dexamethasone suppression test (DST), urinary free cortisol 
(UFC), ACTH, late‑night salivary cortisol (LNSC), and dehydroepiandrosterone‑sulphate (DHEAS) for 
the diagnosis of comorbidities potentially related to ACS. Diagnostic indexes were also calculated 
for UFC, ACTH, LNSC, and DHEAS considering DST as the gold standard test for the diagnosis of 
ACS, using three different post‑DST cortisol thresholds (138 nmol/L, 50 nmol/L and 83 nmol/L). We 
included 197 patients with AIs in whom the results of the five tests abovementioned were available. 
At diagnosis, 85.9% of patients with one or more AIs had any comorbidity potentially related to ACS, 
whereas 9.6% had ACS as defined by post‑DST cortisol > 138 nmol/L. The reliability of UFC, ACTH, 
LNSC, and DHEAS for the diagnosis of ACS was low (kappa index < 0.30). Of them, LNSC reached the 
highest diagnosis accuracy for ACS identification (AUC = 0.696 [95% CI 0.626–0.759]). The diagnostic 
performances of these tests for comorbidities potentially related to ACS was poor; of them, the DST 
was the most accurate (AUC = 0.661 [95% CI 0.546–0.778]) and had the strongest association with 
these comorbidities (OR 2.6, P = 0.045). Patients presenting with increased values of both DST and 
LNSC had the strongest association with hypertension (OR 7.1, P = 0.002) and with cardiovascular 
events (OR 3.6, P = 0.041). In conclusion, LNSC was the test showing the highest diagnosis accuracy for 
the identification of ACS when a positive DST was used as the gold standard for its diagnosis. The DST 
test showed the strongest association with comorbidities potentially related to ACS. The definition 
of ACS based on the combination of elevated DST and LNSC levels improved the identification of 
patients with increased cardiometabolic risk.

Adrenal incidentalomas (AIs) are defined as adrenal masses detected in imaging tests performed for reasons unre-
lated to adrenal  disease1–3. All patients with AIs must be evaluated to exclude malignancy and hormonal  excess4,5. 
Even though imaging tests offer a high sensitivity and a reasonable specificity for the diagnosis of malignancy, 
functional evaluation of AIs is often challenging. Particularly, consensus is lacking regarding the definition and 
diagnostic criteria of autonomous cortisol secretion (ACS), which may associate an increased cardiometabolic 
morbidity and mortality and might appear in as many as 20% of patients with  AIs6. Nonetheless, ACS is usually 
defined by an incomplete cortisol suppression in response to the overnight 1 mg dexamethasone suppression 
test (DST), in the absence of clinical data specific of Cushing’s  syndrome4,5,7,8. Nevertheless, other tests such as 
24-h urinary free cortisol (UFC), late-night salivary cortisol (LNSC) and plasma adrenocorticotropic hormone
(ACTH) have been proposed for the definition of ACS. However, there are few data comparing these tests and the 
DST for the diagnosis of ACS; hence, UFC, LNSC and ACTH are usually used as tools to complement the results 
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of the DST in this setting. On the other hand, under usual routine clinical practice conditions, the diagnostic 
performance of the DST and complementary tests for the identification of comorbidities potentially related to 
ACS seems to be poor.

We hypothesized that the identification of cardiometabolic morbidities potentially related to ACS in patients 
with AIs could improve with the use of a panel of tests usually used to characterize adrenal function, either 
individually or in combination. Moreover, we evaluated the reliability and validity for the diagnosis of ACS—
considering an increased DST result as the gold standard for ACS definition following current European clinical 
 guidelines2—of four tests routinely used for the evaluation of adrenal function, including plasma ACTH, age and 
sex adjusted serum dehydroepiandrosterone sulphate (DHEA-S) levels, UFC and LNSC.

Methods
Patients. We retrospectively queried the electronic registry of the hormone laboratory of Hospital Univer-
sitario Ramón y Cajal to identify all patients in whom a DST had been performed between 2013 and 2020. We 
reviewed their medical records and selected those patients aged 18 to 90 years-old who presented with inciden-
tally discovered unilateral and/or bilateral AIs of at least 10 mm in the largest diameter. We excluded patients 
with: (i) known diagnosis of hereditary syndromes associated with adrenal tumours; (ii) chronic treatment with 
glucocorticoids or drugs that might affect dexamethasone metabolism; (iii) treatment with oral hormonal con-
traceptives during the 6 weeks preceding the test; (iv) AIs identified during the extension study of an extra-
adrenal cancer; (v) patients with overt syndromes of adrenal hormone excess, (vi) adrenocortical carcinoma; 
(vii) adrenal metastasis from extra-adrenal tumours; and (viii) missing information in the results of one or more 
of the five tests evaluated here) (Fig. 1). We analysed patients’ data obtained during their initial evaluation and
at their last available follow-up visit.

Clinical evaluation. Demographics information such as age and sex; presence of comorbidities potentially 
related to ACS (hypertension, type 2 diabetes, obesity, dyslipidaemia, cerebrovascular and cardiovascular dis-
ease); body mass index (BMI); and systolic and diastolic blood pressure were extracted from medical records. 
Obesity was defined by a BMI equal or greater to 30 kg/m2. Hypertension was defined as systolic blood pressure 
equal to or greater than 140 mmHg and/or diastolic blood pressure equal to or greater than 90 mmHg, or treat-
ment with blood pressure lowering medications. Diagnosis of type 2 diabetes and dyslipidaemia was based on 
current  standards9,10. Cardiovascular disease was defined as ischemic heart disease or heart failure, and cerebro-
vascular disease as transient ischemic attack or acute stroke.

Management decision regarding AIs—either observation or surgery—after the last follow-up visit was also 
registered.

Biochemical and hormonal evaluation. Routine biochemical profile after an 8 h overnight fasting was 
performed at diagnosis and at the last follow-up visit available. Biochemical profiles included fasting plasma 
glucose, total cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides and HbA1c (the latter was available 
only in 55 cases). Hormonal studies at the initial evaluation included urinary catecholamines and/or urinary 
metanephrines, DST, UFC, ACTH, DHEA-S and LNSC.

DST, UFC, ACTH, age- and sex-adjusted DHEA-S, and LNSC were analysed as continuous and categorical 
variables. When considering the DST test as the gold standard for the calculation of reliability and validity for 
ACS diagnosis of the others tests of adrenal function, we evaluated not only the post-DST cortisol 138 nmol/L 

EXCLUSION CRITERIA:
-Adrenal carcinoma (n=2) 
-Primary aldosteronism (n=12) 
-Pheochromocytoma (n=4) 
-Overt Cushing´s syndrome (n=2) 
-Adrenal metastasis (n=1) 
-Missing informa�on in DHEAS 
(n=269), ACTH (n=222), LNSC (n=364) 
or UFC (n=354)

Pa�ents with adrenal incidentalomas 
evaluated with DST between 2013-2020 at 

our ins�tu�on (n=730) 

STUDY COHORT
(n=197) 

Figure 1.  Study cohort. DST dexamethasone suppression test, LNSC late-night salivary cortisol, UFC urinary 
free cortisol.
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(5.0 µg/dL)2, but also the 50 nmol/L (1.8 µg/dL) and 83 nmol/L (3.0 µg/dL) cut-off values. For the evalua-
tion of the diagnosis accuracy of the DST for the identification of comorbidities potentially related to ACS, 
the > 50 nmol/L threshold was employed, based on the results of the ROC curves and on previous studies that 
found that this cut-off was the most sensitive for this  purpose11–15. UFC levels above the upper limit of the 
reference range in our laboratory were considered elevated. Besides, patients with UFC levels within the refer-
ence range were classified into two groups—normal-low or normal-high UFC levels—using 1930 nmol/24 h 
(70 µg/24 h) as threshold, because this was the value that associated the highest specificity for the diagnosis of 
ACS according to the results of the ROC curve. Patients with UFC levels two-fold above the reference range were 
diagnosed with overt Cushing’s syndrome and excluded from the study (Fig. 1). ACTH levels below 2 pmol/L 
(10 pg/mL) were considered low. LNSC levels above the upper limit of the reference range in our laboratory 
were considered elevated. DHEA-S levels were considered to be elevated or decreased according to age- and 
sex-specific reference ranges in our laboratory.

Laboratory assays. As we have previously  reported16, urine and serum cortisol were measured by immu-
nochemiluminescence assays in an Architect i2000 systems Abbott Diagnostics platform, with an intra-assay 
coefficient of variation (CV) < 10%; the normal range was 102–535 nmol/L (3.7–19.4 µg/dL) for serum cortisol 
and < 3862 nmol/24 h (140 µg/24 h) for 24-h urine cortisol. LNSC was measured by electroimmunochemilu-
minescence in a Cobas 6000 Roche autoanalyser, with an intra-assay CV < 10% and a reference range lower 
than 157 nmol/L (< 5.7 µg/dL). The determination of ACTH was performed by immunochemiluminescence 
assays (we used Immulite 2000 Siemens before 2019 and Liaison XL Diasorin thereafter), with an intra-assay 
CVs < 10%. Normal values for ACTH were between 2.0–10.1 pmol/L (9–46 pg/mL) for the Immulite assay and 
1.0–10.7 pmol/L (5–49 pg/mL) for the Liaison XL assay. DHEA-S was measured by immunochemiluminescence 
assay in Immulite 2000 Siemens system; with intra-assay CV < 15%. Reference ranges for DHEA-S were age- and 
sex-specific (Table 1).

Imaging studies. At diagnosis, abdominal computed tomography or magnetic resonance imaging were 
obtained in all AIs patients. Tumour size (largest diameter), uni- or bilaterality, presence of necrosis, calcification 
and atypical characteristics, lipid content and radiodensity measured in Hounsfield units (HU) were registered. 
In bilateral AIs, the recorded tumour size was that of the largest AI. The adrenal tumour was classified as having 
rich lipid content when attenuation was low (< 10 HU) in a CT performed without contrast administration or 
when the washout in a CT with contrast was rapid (> 60% absolute washout or > 40% relative washout)4. Com-
puted tomography was repeated in 99 patients and magnetic resonance imaging was repeated in 80 patients 
during follow-up.

Statistical analysis. We checked continuous variables for normality using the Shapiro–Wilk test, and for 
homogeneity of the variances using Levene’s test. Categorical variables were expressed as counts and percent-
ages, whereas continuous variables were expressed as mean ± standard deviation or median and interquartile 
range (IQR) as appropriate. Odds ratios (with 95% confidence intervals) and mean differences were calculated as 
association measures using logistic regression models or lineal regression β coefficients. For variables following 
the normal distribution, we used Student’s t test to compare differences between two groups. The chi-square test 
was used for the comparison of categorical variables between independent groups. Cox regression analysis was 
used to estimate hazard ratios during follow-up. Reliability was evaluated with the kappa index and the specific 
positive and negative agreement indexes. Nonparametric receiver-operator curve (ROC) analysis was used to 
determine the diagnostic accuracy for the diagnosis of ACS, and of comorbidities potentially related to ACS, of 
the different hormonal tests, either individually or in combination. In all cases, a two-tailed P value < 0.05 was 
considered as statistically significant. All statistical analyses were performed using STATA 15 (StataCorp. 2017. 
Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC).

Ethical approval. All procedures performed in the participants of the study were in accordance with the 
ethical standards of the institutional research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. The study was approved by the Ethics Committee of Hospital 
Universitario Ramón y Cajal on February 14, 2019.

Table 1.  References ranges for DHEAS levels (ng/mL).

Age Female ( ng/mL) Age Males ( ng/mL)

18–24 150–3402 20–29 2800–6400

25–34 150–2982 30–39 1200–5200

35–49 150–2582 40–49 950–5300

50–59 260–2000 50–59 700–3100

60–69 130–1300 60–69 420–2900

70–79 280–1750 70–89 280–1750
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Informed consent. The Ethical committee of Hospital Universitario Ramón y Cajal approved the waiver for 
informed consent given the retrospective nature of the study.

Results
Cardiometabolic profile at diagnosis and during follow‑up. Following inclusion and exclusion cri-
teria, 197 patients—of a total of 709 patients with AIs consecutively evaluated between 2013 and 2020 at our 
centre—were included in the analysis. No statistically significant differences were detected between the patients 
with AIs included or excluded in the study with the exception of higher cortisol post-DST, lower ACTH levels 
and a larger tumour size in the former (Supplementary Material Table S1). Baseline characteristics of the cohort 
included in the present study are summarized in Table 2. At diagnosis, 19 patients (9.6%) had ACS (as defined 
by a post-DST cortisol > 138 nmol/L) and 169 patients (85.9%) presented with one or more comorbidities poten-
tially related to ACS. The prevalence of obesity was of 31%, yet no statistically significant differences in the post-
DST cortisol levels were found between patients with and without obesity (59 ± 49 nmol/L vs 71 ± 82 nmol/L, 
respectively, P = 0.316). Four patients presenting with non-functioning AIs > 4 cm underwent adrenalectomy, 
and active surveillance was carried out in the remainder. After a median follow-up of 30.6 (IQR = 2.0–114.7) 
months, 6 out of 120 patients with non-functioning AIs developed ACS and 23 patients developed one or more 
new comorbidities: 20 (23.0%) developed dyslipidaemia; 6 (8.8%) developed hypertension; 9 (11.5%) became 
obese; 6 (4.5%) were diagnosed with type 2 diabetes; and 5 (3.2%) suffered a cardiovascular event. No cerebro-
vascular events were registered during follow-up.

Reliability and accuracy of LNSC, UFC, ACTH and DHEAS for the diagnosis of ACS. The degree 
of agreement (reliability) of LNSC, UFC, ACTH and DHEA-S for the diagnosis of ACS was low, independently 
of the DST threshold used for the definition of ACS, with kappa indexes below 0.3 for all tests. However, the spe-
cific negative agreement was high, around 80–90%. Regarding their validity, the highest specificity was reached 
when ACS definition was based on the 138 nmol/L (5.0 µg/dL) threshold. Nevertheless, all tests had poor sensi-
tivity for the diagnosis of ACS independently of the DST threshold employed for the diagnosis of ACS (Table 3). 

Table 2.  Baseline characteristics of the cohort (n = 197). ACTH adrenocorticotropic hormone, ACS 
autonomous cortisol secretion, DST dexamethasone suppresion test, DHEAS dehydroepiandrosterone 
sulphate, LDL-c low-density lipoprotein cholesterol, HDL-c high-density lipoprotein cholesterol, HbA1c 
hemoglobin A1c.

Parameter Value

Clinical data

Age, years 64.5 ± 10.0

Female sex 57.4% (n = 113)

Comorbidities potentially related to ACS 85.9% (n = 152)

Diabetes 22.3% (n = 44)

Hypertension 57.9% (n = 114)

Dyslipidaemia 49.0% (n = 96)

Obesity 31.0% (n = 61)

Cerebrovascular disease 1.0% (n = 2)

Cardiovascular disease 10.7% (n = 21)

Body mass index (kg/m2) (n = 133) 30.3 ± 6.3

Systolic blood pressure (mmHg) (n = 159) 137.7 ± 16.9

Diastolic blood pressure (mmHg) (n = 159) 79.7 ± 9.6

Analytical data

Fasting plasma glucose, nmol/L (mg/dL) (n = 197) 5.87 ± 1.6 (105.7 ± 28.9)

HbA1c (%) (n = 55) 6.2 ± 0.9

LDL-c, nmol/L (mg/dL) (n = 143) 30.03 ± 8.3 (115.5 ± 31.8)

HDL-c, nmol/L (mg/dL) (n = 143) 13.96 ± 4.6 (53.7 ± 17.7)

Triglycerides, nmol/L (mg/dL) (n = 193) 1.17 ± 0.6 (110.2 ± 51.1)

DST, nmol/L(µg/dL) (n = 197) 66.2 ± 74.5 (2.4 ± 2.7)

Urinary free cortisol, nmol/24 h (µg/24 h) (n = 197) 1092.41 ± 791.1 (39.6 ± 28.7)

ACTH, pmol/L (pg/mL) (n = 197) 3.59 ± 2.6 (16.3 ± 11.6)

DHEAS (ng/mL) (n = 197) 596.2 [IQR = 150–2840]

Late-night salivary cortisol, nmol/L(µg/dL) (n = 197) 110.3 ± 118.6 (4.0 ± 4.3)

Radiological data

Tumor size (mm) (n = 197) 22.2 ± 10.5

Bilaterality (n = 197) 30.0% (n = 59)

Tumor rich in lipidic content (n = 155) 85.2% (n = 132)
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ROC curves confirmed these findings, supporting that these tests should not be used in isolation for the diag-
nosis of ACS. The greatest diagnostic accuracy, although modest, was that of LNSC (Figs. 2, 3). Moreover, when 
the four tests were combined, the diagnostic accuracy for the diagnosis of ACS increased, reaching an AUC of 
0.73 [0.65–0.80].

Association of the individual ACS diagnostic tests’ results with comorbidities potentially 
related to ACS. Seventy-six (38.6%) patients showed a DST serum cortisol level > 50 nmol/L (1.8 µg/dL) 
at diagnosis. These patients had a risk of comorbidities potentially related to ACS two-fold higher than those 
with DST ≤ 50 nmol/L. The prevalence of dyslipidaemia and hypertension in patients with DST > 50 nmol/L was 
1.8 and 2.5 times higher than in patients with DST ≤ 50 nmol/L, respectively (Table 4). However, the diagnostic 
performance of the DST to predict the presence of one or more comorbidities potentially related to ACS either 
individually or collectively, was poor, because all areas under the ROC curve analyses were below 0.67) (Fig. 4).

UFC was above the > 3862 nmol/24 h in 2 (1.0%) patients whereas another 22 (11.2%) subjects showed nor-
mal-high (1931–3862 nmol/24 h) UFC concentrations. The prevalence of hypertension was three times higher in 
patients with normal-high UFC than in patients with normal-low UFC (< 1931 nmol/24 h) (Table 4). LNSC was 
above the reference range in 30 (15.2%) patients, who had higher prevalences of hypertension and lower HDL-c 
levels when compared with patients showing LNSC levels within the reference range (Table 4). Basal ACTH levels 
were < 2 pmol/L in 68 (34.5%) patients and DHEAS levels were below the age and sex-adjusted reference ranges 
in 48 (24.4%) patients. No differences were found in the prevalence of ACS-related comorbidities according to 
ACTH or DHEAS levels. The AUCs for the diagnosis of ACS-related comorbidities were poor for UFC, LNSC, 
ACTH and DHEAS levels; and do not even reaching that of the DST ROC curve (Fig. 4). Even, when the five 
tests (including the DST) were used in combination for the prediction of comorbidities potentially related to 
ACS, the AUC was modest with an AUC of 0.70 [0.58–0.82].

When we evaluated the combined use of the tests for the diagnosis of comorbidities potentially related to 
ACS, the best association was that of the combination of a DST > 50 nmol/L and a LNSC > 149 nmol/L, which 
was present in 19 patients in our cohort. These patients had increased risks of hypertension (OR 7.1, 95% CI 
1.6–31.6) and cardiovascular events (OR 3.6, 95% CI 1.2–11.3) (Table 5).

Discussion
Our study confirms that, when used as single tests, plasma ACTH, LNSC, UFC and DHEA-S had poor sensitiv-
ity for the diagnosis of ACS. The combination of the four tests, however, improved diagnostic accuracy for ACS 
reaching an AUC in the ROC curve of 0.73. On the other hand, the diagnosis accuracy of DST for the prediction 
of comorbidities potentially related to ACS is low, albeit other tests routinely used for the study of AIs showed 
even worse performances. The association of a positive DST test with hypertension and cardiovascular events 
seems to increase when combined with increased LNSC levels, with the addition of ACTH, DHEA-S or UFC 
not improving the strength of such an association.

Several studies found that patients with AIs and elevated post-DST cortisol concentrations had worse car-
diometabolic profiles and increased mortality compared with patients reaching adequate cortisol suppression 

Table 3.  Reliability and validity of LNSC, UFC, ACTH and DHEAS for the diagnosis of ACS (considering 
three different thresholds in the DST for the ACS definition). ACTH adrenocorticotropic hormone, DST 
dexamethasone suppression test, DHEAS dehydroepiandrosterone sulphate, LNSN late-night salivary cortisol, 
PPV positive predictive value, NPV negative predictive value, Specific Po + specific positive agreement index, 
Specific Po − specific negative agreement index, UFC urinary-free cortisol.

Kappa index Specific Po+ (%) Specific Po− (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Considering the gold standard of ACS a DST > 138 nmol/L (5.0 µg/dL)

UFC > 1931 nmol/24 h 0.157 24.4 91.2 26.3 90.4 22.7 92.0

ACTH < 2 pmol/L 0.039 18.4 76.9 42.1 66.3 11.8 91.5

LNSC > 157 nmol/L 0.283 36.7 91.0 47.4 88.2 30.0 94.0

Low sex- and age- 
adjusted DHEA-S 0.082 20.9 83.8 36.8 77.0 14.6 91.9

Considering the gold standard of ACS a DST > 83.0 nmol/L (3.0 µg/dL)

UFC > 1931 nmol/24 h 0.239 34.9 87.6 26.8 92.9 50.0 82.9

ACTH < 2 pmol/L 0.145 36.7 75.8 48.8 69.2 29.4 83.7

LNSC > 157 nmol/L 0.231 36.6 86.1 31.7 89.1 43.3 83.2

Low sex- and age-
adjusted DHEA-S 0.116 31.5 80.0 34.1 78.2 29.2 81.9

Considering the gold standard of ACS a DST > 50.0 nmol/L (1.8 µg/dL)

UFC > 1931 nmol/24 h 0.086 24.5 75.0 15.8 91.7 54.5 63.4

ACTH < 2 pmol/L 0.235 51.4 72.0 48.7 74.4 54.4 69.8

LNSC > 157 nmol/L 0.179 35.8 76.4 25.0 90.9 63.3 65.9

Low sex- and age-
adjusted DHEA-S 0.103 37.1 71.1 30.3 79.3 47.9 64.4
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after this  test11–13,17. It is currently debated which DST threshold should be used for the diagnosis of ACS. Several 
studies suggested that 50 nmol/L is the most sensitive threshold to identify patients with AIs and increased car-
diometabolic  risk11–15. In this line, Morelli et al.14 demonstrated that in patients with AI, post-DST cortisol levels 
increased according to the number of chronic complications. In another  study15, using artificial neural networks, 
she found that the optimal cut-off of post-DST cortisol levels for detecting patients with increased cardiovascular 
events was 50 nmol/L (accuracy 67.3%, AUC, 0.673). Furthermore, in another  study18 an increased risk of car-
diovascular events was observed with post-DST cortisol values above 41 nmol/L (1.5 µg/dL). Our study found 
that, although there were some associations between DST results and cardiometabolic comorbidities, the DST 
had a poor diagnostic performance for the presence of these comorbidities. This finding is in agreement with 
earlier  studies14,15,18, supporting that post-DST cortisol is neither accurate enough to predict the occurrence of 
post-surgical hypocortisolism nor the improvement of surgical complications in patients with AIs.

The poor performance of the DST and other tests of adrenal function on the prediction of comorbidities 
potentially related to ACS might be explained by the multifactorial origin of these prevalent cardiometabolic 
disorders. Hence, ACS as a single factor, is unlikely to fully predict them especially when some factors known 
to increase the cardiometabolic risk such as older  age19 and subclinical co-secretion of other hormones like 
 aldosterone20 are also associated with the presence of AIs. Other factors such as obesity, which can promote 
hyperinsulinism and thus the development of AIs, could be indirectly associated with cortisol production as 
 well21. However, until better and or reliable markers of ACS become available, the DST using the serum cortisol 
level > 1.8 µg/dL threshold seems the most sensitive single test to identify ACS patients at risk of cardiometabolic 
comorbidities. Moreover, in the presence of an elevated post-DST cortisol concentration, an elevated LNSC 
identifies patients at even higher cardiometabolic risk.

The performance of UFC, DHEA-S, ACTH and LNSC levels for the diagnosis of ACS was poor and, for the 
identification of comorbidities potentially related to ACS, were even poorer than that of DST in our study. This 
finding supports the recommendation of most professional societies to use the DST for the evaluation of ACS in 
 AIs4,7,8. At present, UFC is not recommended for the diagnosis of ACS, given that less than 20% of patients with 
ACS present elevated UFC  levels5,22. The role of DHEA-S in the diagnosis of ACS is currently  controversial23–27. 

Figure 2.  Diagnosis accuracy of LNSC, ACTH, DHEAS and UFC for the diagnosis of ACS (considering the 
1.8 µg/dL threshold for the diagnosis of Autonomous cortisol secretion). Optimal cutoff point based on ROC 
curve 2.26 µg/dL (Sensitivity: Se = 78.9% (95% CI 68.5 to 86.6) and Specificity: Sp = 52.1% (95% CI 43.2 to 60.8). 
ACTH AUC 0.648, 95% CI 0.577–0.715. Optimal cutoff point based on ROC curve: 11.08 pg/mL (Se = 66.9% 
(95% CI 58.2 to 74.7) and Sp = 56.6% (95% CI 45.4 to 67.1). DHEA-S AUC 0.640, 95% CI 0.570–0.708. Optimal 
cutoff point based on ROC curve: 411 µg/dL (Se = 64.5% (95% CI 55.6 to 72.4) and Sp = 63.2% (95% CI 51.9 
to 73.1). 24 h-urinary free cortisol (UFC) AUC 0.579, 95%CI 0.507–0.649. Optimal cutoff point based on ROC 
curve 32.6 µg/24 h (Se = 61.8% (95% CI 50.6 to 71.9 and Sp = 55.4% (95% CI 46.5 to 63.9).
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In our study, DHEA-S as a single test or in combination with DST did not achieve better diagnostic performances 
for comorbidities potentially related to ACS than using the DST alone. Previous studies found basal ACTH 
levels > 2 pmol/L in up to 50% of patients with ACS and < 2 pmol/L in as many as 20% of patients with normal 
cortisol metabolism, also suggesting a poor diagnostic performance for  ACS28. We found basal ACTH levels 
to have a weak association with the results of the DST, but no association with cardiometabolic comorbidities. 
LNSC—an easy, stress-free, and cost-effective alternative to late night serum cortisol—also showed limited 
utility for the diagnosis of ACS as suggested by previous  studies29. Of the tests of adrenal function studied here, 
LNSC levels showed the greater reliability for the diagnosis of ACS as defined by the DST test, and patients 
with elevated LNSC and post-DST cortisol levels were those with the worst cardiometabolic profiles. Moreover, 
we found that the combination of basal plasma ACTH, UFC, LNSC and DHEA-S significantly increased the 
diagnostic accuracy for the diagnosis of ACS compared with their use as single tests, reaching an AUC of 0.73 
in the ROC curve. This is in line with the recommendation of most guidelines and experts in this field of using 
the combination of several hormonal parameters to evaluate the presence of  ACS2,4–10.

Our present study, however, is not free of limitations, starting by its retrospective design. Because we only 
included patients in whom all the diagnostic tests had been obtained, and such a decision was made on a clinical 
basis by their physicians, possibility exists of a selection bias towards the inclusion of a subset of more compli-
cated patients as higher tumour size, higher DST and lower ACTH levels were found in the inclusion population 
compared to the excluded patients. However, we included all consecutive patients fulfilling the inclusion criteria 
during the study period within a single institution, thus allowing for comparable laboratory results. We did not 
evaluate osteoporosis, which is a recognized comorbidity related to ACS, due to inconsistent evaluation in the 
medical records. Therefore, the association of the results of the different evaluated tests with osteoporosis could 
not be evaluated. The metabolism of dexamethasone varies widely among  patients30. Although we excluded 
patients with known factors associated with false positive results in the DST such as treatment with oral hormone 

Figure 3.  Diagnosis accuracy of LNSC, ACTH, DHEAS and UFC for the diagnosis of ACS (considering the 
5 µg/dL threshold for the diagnosis of Autonomous cortisol secretion). Late-night salivary cortisol AUC = 0.696 
(95% CI 0.626 to 0.759). Optimal cut-off point based on ROC curve: 3.4 µg/dL (Se = 68.4% (95% CI 46.0 to 84.6) 
and Sp = 70.8% (95% CI 63.7 to 77.0). ACTH AUC = 0.555 (95% CI 0.483 to 0.625). Optimal cut-off point based 
on ROC curve: 6.84 pg/mL (Se = 83.1% (95% CI 77.0 to 87.9) and Sp = 42.1% (95% CI 23.1 to 63.7). DHEAS 
AUC = 0.569 (95% CI 0.497 to 0.639). Optimal cut-off point based on ROC curve: 402 µg/dL (Se = 57.3% (95% 
CI 50.0 to 64.3) and Sp = 63.2% (95% CI 41.0 to 80.9). UFC AUC 0.517 (95% CI 0.445 to 0.588). Optimal cut-off 
point based on ROC curve: 39.1 µg/24 h (Se = 42.1% (95% CI 23.1 to 63.7) and Sp = 61.2% (95% CI 53.9 to 68.1).
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contraceptives or other drugs known to alter dexamethasone metabolism, alcoholism, and psychiatric illness, 
some of these conditions might have not been registered in the medical records, and dexamethasone levels were 
not routinely evaluated during the  DST31. Furthermore, other factors could also lead to false positive results 
in the  DST32. Added to this is the known variability between techniques and assay kits for cortisol  assays33 and 
intra-assay variability in measurements which increases in the range of low cortisol levels. Furthermore, in our 
institution UFC and LNSC are measured by immunochemiluminescence, which are substandard compared with 
the liquid chromatography/tandem mass assays recommended  nowadays34. This limitation is supported by the 
results of a recent  study35 that demonstrated that with the use of liquid chromatography/tandem mass assays, 
low DHEA-S levels were associated with diabetes, an association that was lost when DHEA-S was measured by 
immunochemiluminescence. Future studies are needed to identify more reliable and accurate markers of cortisol 

Table 4.  Baseline features and association of ACS-diagnostic tests with the diagnosis of comorbidities 
potentially related to ACS. Differences in quantitative variables are expressed in mean differences (d) between 
ACS and NFAI group, and for qualitative variables differences are expressed in odds ratios (OR) and 95% 
confident interval (in brackets). ACS autonomous cortisol secretion, DST dexamethasone suppression test, 
DHEAS dehydroepiandrosterone sulphate, NFAI non-functioning adrenal incidentalomas, LNSC late-night 
salivary cortisol, UFC urinary-free cortisol.

DST (nmol/L) > 50 (n = 76) 
vs ≤ 50 (n = 121)

UFC (nmol/24 h) ≥ 1930 
(n = 22) vs < 1930 (n = 175)

ACTH (pmol/L) < 2 (n = 68) 
vs ≥ 2 (n = 129)

DHEAS (µg/dL) low 
(n = 48) vs normal (n = 149)

LNSC (nmol/L) > 157 
(n = 30) vs ≤ 157 (n = 167)

Age, years 65.7 ± 10.0 vs 63.7 ± 10.1, 
P = 0.173

64.6 ± 10.0 vs 64.5 ± 10.1, 
P = 0.943

63.3 ± 9.2 vs 65.1 ± 10.5, 
P = 0.252

64.3 ± 10.1 vs 64.5 ± 10.1, 
P = 0.885

66.9 ± 10.8 vs 64.1 ± 9.9, 
P = 0.154

Male sex OR 0.8 [0.5–1.4], P = 0.476 OR 1.4 [0.6–3.4], P = 0.461 OR 0.6 [0.3–1.1], P = 0.068 OR 2.3 [1.2–4.5], P = 0.012 OR 1.0 [0.5–2.3], P = 0.934

Comorbidities potentially 
related to ACS (composite) OR 2.6[1.0–6.8], P = 0.045 OR 1.7 [0.4–8.0], P = 0.446 OR 1.7 [0.7–4.6], P = 0.248  = 1.0 [0.4–2.7], P = 0.971 OR 2.5 [0.6–11.2], P = 0.188

Hypertension OR 2.5 [1.4–4.6], P = 0.003 OR 2.7 [1.0–7.7], P = 0.043 OR 1.0 [0.5–1.8], P = 0.915 OR 0.8 [0.4–1.6] P = 0.551 OR 2.7 [1.1–6.7], P = 0.020

Dyslipidaemia OR 1.8 [1.0–3.2], P = 0.054 OR 1.0 [0.4–2.5], P = 0.940 OR 1.0 [0.6–1.9], P = 0.877 OR 1.0 [0.5–2.0], P = 0.903 OR 1.2 [0.6–2.6], P = 0.626

Obesity OR 1.0 [0.6–1.9], P = 0.883 OR 2.0 [0.8–5.0], P = 0.130 OR 1.0 [0.5–1.9], P = 0.986 OR 1.0 [0.5–2.1], P = 0.961 OR 0.6 [0.3–1.6], P = 0.316

Diabetes OR 1.6 [0.8–3.2], P = 0.161 OR 1.7 [0.7–4.6], P = 0.275 OR 1.1[0.6–2.2], P = 0.771 OR 1.0[0.5–2.3], P = 0.912 OR 1.1[0.4–2.7], P = 0.887

Cardiovascular disease OR 2.3[0.9–5.8], P = 0.069 OR 1.4[0.4–5.1], P = 0.642 OR 0.9[0.4–2.5], P = 0.904 OR 1.6[0.6–4.4], P = 0.326 OR 1.9[0.6–5.6], P = 0.273

Cerebrovascular disease OR 1.6[0.1–26.0], P = 0.742 NC OR 1.9[0.1–31.0], P = 0.652 OR 3.1 [0.2–51.3], P = 0.432 NC

Body mass index (kg/m2) 
(n = 133)

30.4 ± 6.6 vs 30.2 ± 6.2, 
P = 0.866

31.6 ± 5.8 vs 30.2 ± 6.4, 
P = 0.444

30.5 ± 7.1 vs 30.2 ± 6.0, 
P = 0.824

30.2 ± 5.4 vs 30.4 ± 6.7, 
P = 0.932

31.4 ± 7.1 vs 30.2 ± 6.2, 
P = 0.447

Systolic blood pressure 
(n = 159)

136.9 ± 16.3 vs 138.2 ± 17.3, 
P = 0.642

138.8 ± 16.3 vs 137.5 ± 17.0, 
P = 0.779

135.9 ± 16.1 vs 136.8 ± 17.2, 
P = 0.352

137.8 ± 18.2 vs 137.6 ± 16.5, 
P = 0.971

137.2 ± 19.1 vs 137.8 ± 16.5, 
P = 0.889

Diastolic blood pressure 
(n = 159)

78.4 ± 9.6 vs 80.7 ± 9.6, 
P = 0.136

76.9 ± 9.4 vs 80.1 ± 9.6, 
P = 0.198

77.9 ± 7.6 vs 80.6 ± 10.4, 
P = 0.095

76.4 ± 9.9 vs 80.9 ± 9.3, 
P = 0.009

78.6 ± 7.3 vs 79.9 ± 10.0, 
P = 0.541

Fasting plasma glucose 
(nmol/L) (n = 197) 6.7 ± 2.3 vs 6.1 ± 1.2 P = 0.015 6.7 ± 2.3 vs 6.3 ± 1.7, 

P = 0.376
6.3 ± 1.7 vs 6.4 ± 1.8, 
P = 0.837

6.8 ± 2.5 vs 6.2 ± 1.4, 
P = 0.053

6.1 ± 1.2 vs 6.4 ± 1.8, 
P = 0.504

HbA1c (%) (n = 55) 6.4 ± 1.0 vs 6.1 ± 0.8 P = 0.225 6.3 ± 0.8 vs 6.2 ± 0.9, 
P = 0.799

6.0 ± 0.8 vs 6.3 ± 1.0, 
P = 0.346

6.2 ± 1.0 vs 6.2 ± 0.9, 
P = 0.826

6.2 ± 0.7 vs 6.2 ± 1.0, 
P = 0.820

LDL-c (mmol/L) (n = 143) 29.9 ± 7.8 vs 30.1 ± 8.6 
P = 0.860

30.3 ± 9.6 vs 30.0 ± 8.1, 
P = 0.859

31.4 ± 7.0 vs 29.4 ± 8.8, 
P = 0.164

28.4 ± 6.7 vs 30.6 ± 8.7, 
P = 0.148

30.5 ± 9.5 vs 29.9 ± 8.1, 
P = 0.755

HDL-c (mmol/L) (n = 143) 13.1 ± 4.2 vs 14.5 ± 4.8, 
P = 0.079

13.6 ± 5.5 vs 14.0 ± 4.5, 
P = 0.747

13.8 ± 4.0 vs 14.0 ± 4.9, 
P = 0.835

12.6 ± 4.6 vs 14.4 ± 4.5, 
P = 0.035

11.7 ± 4.2 vs 14.4 ± 4.6, 
P = 0.012

Triglycerides (mmol/L) 
(n = 193)

1.2 ± 0.6 vs 1.1 ± 0.5, 
P = 0.256

1.0 ± 0.3 vs 1.1 ± 0.5, 
P = 0.278

1.0 ± 0.1 vs 1.2 ± 0.5, 
P = 0.033

1.1 ± 0.5 vs 1.1 ± 0.5, 
P = 0.693

1.1 ± 0.4 vs 1.1 ± 0.5, 
P = 0.974

DST (nmol/L) (n = 197) 121.0 ± 95.2 vs 33.0 ± 9.13, 
P < 0.0001

107.4 ± 117.8 vs 61.9 ± 64.3, 
P = 0.006

75.2 ± 59.0 vs 62.7 ± 79.6, 
P = 0.253

86.0 ± 105.8 vs 60.9 ± 58.1, 
P = 0.039

117.5 ± 21.2 vs 57.9 ± 58.6, 
P < 0.0001

ACTH (pmol/L) (n = 197) 3.0 ± 2.42 vs 4.0 ± 2.42, 
P = 0.011

4.6 ± 3.1 vs 3.5 ± 2.5, 
P = 0.056

1.5 ± 0.4 vs 4.7 ± 2.5, 
P < 0.0001

3.1 ± 1.8 vs 3.8 ± 2.8,
P = 0.110

3.2 ± 2.1 vs 3.6 ± 2.6, 
P = 0.403

UFC (nmol/L) (n = 197) 1256.6 ± 974.0 vs 
988.7 ± 635.1, P = 0.020

2811.6 ± 883.5 vs 
875.9 ± 883.5, P < 0.0001

983.9 ± 647.3 vs 
1149.1 ± 855.2, P = 0.165

1155.7 ± 912.8 vs 
1071.5 ± 751.0, P = 0.523

1329.4 ± 1043.9 vs 
1049.4 ± 733.5, P = 0.075

DHEAS (µmol/L) (n = 197) 1294.4 ± 1216.8 vs 
1821.5 ± 1463.0, P = 0.009

1932.9 ± 1601.0 vs 
1578.6 ± 1365.8, P = 0.262

1276.3 ± 1026.8 vs 
1798.3 ± 1526.0, P = 0.0121

627.2 ± 329.2 vs 
1937.4 ± 1435.3, P < 0.0001

1533.1 ± 1235.4 vs 
1633.4 ± 1423.4, P = 0.718

LNSC (nmol/L) (n = 197) 5.0 ± 4.8 vs 3.3 ± 3.9, 
p = 0.009

147.9 ± 141.3 vs 
104.7 ± 115.5, P = 0.109

118.0 ± 118.6 vs 
105.1 ± 119.3, P = 0.471

113.4 ± 146.2 vs 
108.3 ± 109.3, P = 0.797

330.0 ± 176.2 vs 70.0 ± 30.5, 
P < 0.0001

Tumor size (mm) (n = 197) 137.3 ± 131.7 vs 92.1 ± 107.1, 
p < 0.0001

24.2 ± 14.5 vs 22.0 ± 10.0, 
P = 0.478

25.0 ± 10.8 vs 20.6 ± 10.1, 
P = 0.021

24.8 ± 10.6 vs 21.3 ± 10.4, 
P = 0.094

25.4 ± 11.5 vs 21.7 ± 10.3, 
P = 0.170

Bilaterality (n = 197) OR 4.3[2.2–8.1], P < 0.001 OR 2.6[1.1–6.5], P = 0.036 OR 2.5 [1.3–4.6], P = 0.005 OR 0.8 [0.4–1.7], P = 0.616 OR 2.0[0.9–4.5], P = 0.091

Tumor rich in lipidic content 
(n = 155) OR 1.6 [0.6–4.2], P = 0.303 OR 0.4 [0.1–1.1], P = 0.101 OR 1.7[0.6–4.7], P = 0.267 OR 0.7[0.3–1.7], P = 0.423 OR 0.4[0.1–1.0] P = 0.060
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autonomy. In this regard, urine  metabolomics34 and functional imaging studies such as adrenal iodomethyl-
norcholesterol scintigraphy hold promise.

Conclusion
LNSC is the one test with the highest diagnosis accuracy for ACS identification when a positive DST is used 
as the gold standard for ACS diagnosis. Comorbidities potentially related to ACS cannot be predicted by any 
single test of adrenal function possibly translating their multifactorial nature. In fact, the association of the tests 
evaluated here with comorbidities potentially related to ACS was poor. As a single test, DST, had the strongest 
association with comorbidities potentially related to ACS. Patients with elevated DST results and elevated LNSC 
levels had the highest cardiometabolic risk in our cohort.

Figure 4.  ROC curve of the different tests for the diagnosis of any comorbidities potentially related to ACS.
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Abstract

Aim: To identify alterations in steroid metabolism in patients with nonfunctioning

adrenal incidentalomas (NFAIs) through the analysis of their urinary steroid

profile (USP).

Methods: Cross‐sectional study with one study group (NFAIs, cortisol post

dexamethasone suppression test [DST] ≤ 1.8 µg/dl [49.7 nmol/L]) and 2 control

groups: patients with autonomous cortisol secretion (ACS group, cortisol

post‐DST > 1.8 µg/dl (49.7 nmol/L) and patients without adrenal tumours (healthy‐

adrenal group). Twenty‐four‐hour urine collections for USP measurement (total and

free fraction of 51 24 h‐urine specimens) were obtained from 73 participants

(24 with NFAIs, 24 without AIs, and 25 with ACS). USP was determined by gas

chromatography coupled to mass spectrometry. Patients of the three groups were

matched according to sex, age (±5 years‐old) and body mass index (±5 kg/m2).

Results: Compared to healthy‐adrenal controls, patients with NFAIs had a lower

excretion of androgen metabolites (230.5 ± 190.12 vs. 388.7 ± 328.58 µg/24 h,

p = .046) and a higher excretion of urinary free cortisol (UFC) (54.3 ± 66.07 vs.

25.4 ± 11.16 µg/24 h, p = .038). UFC was above the reference range in 20.8% of

patients in the NFAI, compared to 0% in the healthy‐adrenal group (p = .018).

Patients with ACS had a higher prevalence of hypertension, dyslipidemia, and

diabetes than patients with NFAIs or the control group. A lower excretion of

androgen metabolites (218.4 ± 204.24 vs. 231 ± 190 µg/24 h, p = .041) and a

nonsignificant higher excretion of glucocorticoid metabolites (2129.6 ± 1195.96 vs.

1550.8 ± 810.03 µg/24 h, p = .180) was found in patients with ACS compared to

patients with NFAIs.

Conclusion: NFAIs seem to secrete a subtle, yet clinically relevant, excess of

glucocorticoids. Future studies are needed to confirm our findings; and to identify

metabolic alterations associated with an increased cardiometabolic risk.
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1 | INTRODUCTION

Adrenal incidentalomas (AIs) are present in almost 10% of

the general population; and are one of the most frequent

consultations in the Endocrine outpatient clinics.1 At

presentation, the treating physician must rule out its malignant

nature and its functionality.2,3 Diagnostic imaging tests offer high

sensitivity and specificity for the diagnosis of malignant lesions.4

However, ruling out functionality is often challenging, particularly

when there is mild hypersecretion. The most common hormone

excess in AIs, and one of the most challenging diagnoses to

establish, is the mild hypersecretion of cortisol, also known as

autonomous cortisol secretion (ACS). ACS may be found in up to

50% of AIs,5 and it is associated with increased morbidity and

mortality.6

When hormone excess has been appropriately ruled out

with routine laboratory tests, AIs are considered to be

‘nonfunctioning’. However, higher cardio‐metabolic and mortality

risks have been observed in patients with ‘nonfunctioning’

adrenal incidentalomas (NFAIs) compared to the general

population7–10; and 5%–10% of NFAIs end up developing ACS

during follow‐up.

These findings suggest that NFAIs harbour incipient alterations in

steroid synthesis, secretion and/or metabolism that may go un-

recognised until the alterations become severe enough as to impair

the results of currently available diagnostic tests.11–13 Several studies

suggest that urinary steroid metabolomic profiles could be used for

the early identification of these unrecognised, yet relevant, functional

alterations.14–17 The measurement of steroid metabolites in 24‐h

urine samples has several advantages over their measurement in

other fluids. Urine collection is noninvasive, thereby avoiding any

stress‐related acute secretion of steroid hormones; the 24‐h

collection avoids the influence of the circadian rhythm on adrenal

steroids secretion; and the concentration of free steroids is higher in

urine than in other fluids obtainable through noninvasive methods

such as saliva. Moreover, its measurement is not affected by changes

in transport proteins. Nevertheless, the 24‐h urine collections

have also some disadvantages. One of the more frequent problems

is the incorrect sample collection. Moreover, there is a risk of

false negatives with estimated glomerular filtrations <30–45ml/min/

1.73m2.18

We hypothesised that NFAIs have alterations in the adrenal

steroidogenesis that currently go unrecognised. The aim of our

pilot study was to identify alterations in steroid metabolism in

patients with NFAIs through the analysis of their urinary steroid

profile.

2 | MATERIALS AND METHODS

2.1 | Patients

This was a cross‐sectional study consisting of three groups of

subjects: patients with NFAIs, patients without AIs (healthy‐adrenal

group), and patients with AIs and ACS. We enrolled 25 adult patients

in each group evaluated at the Endocrine outpatient clinic between

November 2019 and January 2020. All patients were prospectively

included in the study. Patients of the three groups were matched

according to age (±5 years old), sex (±10% in frequency in each

group), and body mass index (BMI) (±5 kg/m2).

For the ‘healthy‐adrenal’ group, we selected patients with either

benign thyroid disorders or weight control issues (obesity or

overweigh) before diet intervention. All had an abdominal cross‐

sectional imaging study (either CT or MRI) demonstrating a normal

(not nodular or hyperplastic) adrenal gland structure. For the other

two groups, we included patients evaluated for unilateral and/or

bilateral AIs of at least 10mm, who had a serum cortisol post‐1

mg‐dexamethasone suppression test (DST) ≤ 1.8 µg/dl (49.7 nmol/L)

or >1.8 µg/dl without specific signs or symptoms of overt Cushing's

syndrome, respectively.

We excluded patients with: (i) known diagnosis of hereditary

syndromes associated with adrenal pathology; (ii) chronic treatment

with glucocorticoids or drugs that might affect dexamethasone

metabolism; (iii) treatment with oral hormonal contraceptives

(treatment should have been suspended for at least 6 weeks before

the study tests); (iv) impossibility to collect 24‐h urine specimens

and/or creatinine clearance <45ml/min/1.73m2 (estimated by the

MDRD‐4 formula); and (v) active malignant disease or overt hormonal

hyper or hyposecretory states. For the cohorts of patients with NFAIs

and ACS we also excluded patients with: (vi) AIs identified during the

extension study of an extra‐adrenal primary cancer18 (vii) patients

with Cushing's syndrome; primary aldosteronism; hyperandrogenism;

pheochromocytoma; or congenital adrenal hyperplasia, (viii) adreno-

cortical carcinoma; (ix) adrenal metastasis from extra‐adrenal

tumours; and (x) radiological features suspicious for malignancy

(necrosis, irregular margins or tumours larger than 6 cm without

characteristics of typical adenoma or myelolipoma); and (xi) AIs not

meeting the ACS or NFAI criteria.18

2.2 | Clinical and radiological evaluation

At enrolment, we registered demographic information (age and sex);

presence/absence of comorbidities possibly related to ACS such as

2 | ARAUJO‐CASTRO ET AL.
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hypertension, type 2 diabetes, obesity, dyslipidemia, osteoporosis,

cerebrovascular, and cardiovascular disease; and, when applicable,

medical treatment for such comorbidities.

Physical examination included BMI, systolic and diastolic blood

pressure, and a complete evaluation of body mass composition by

bioimpedanciometry (percentage and kilograms of fat mass, lean

mass, total body water, basal metabolism, visceral fat level and bone

mass, in %). Obesity was defined by a BMI equal to or greater than

30 kg/m2. Hypertension was defined as systolic blood pressure

≥140mmHg; and/or diastolic blood pressure ≥90mmHg; and/or

being under blood pressure lowering medications. Diagnosis of type

2 diabetes and dyslipidemia followed current standards.19,20 Cardio-

vascular disease was defined as ischaemic heart disease or heart

failure, and cerebrovascular disease as transient ischaemic attack or

acute stroke.

Imaging used abdominal CT in 43 patients, MRI in five patients,

and both examinations in 26 subjects. Information about tumour size

(largest diameter), uni‐ or bilaterality of adrenal lesions, presence of

necrosis, calcification and atypical characteristics, lipid content and

radiodensity measured in Hounsfield units were recorded.

2.3 | Biochemical and hormonal evaluation

A routine biochemical profile after an 8 h overnight fasting was

performed at diagnosis in all patients. Biochemical profiles included

fasting plasma glucose, total cholesterol, LDL‐c, HDL‐c, triglycerides

and HbA1c.

The routine hormonal examination of patients with AIs was based

on the determination of 24h‐urinary free cortisol (UFC), serum cortisol

post‐DST levels, DHEA‐S, urinary free catecholamines and metane-

phrines in 24‐h urine samples, plasma ACTH concentrations, late night‐

salivary cortisol at 11 pm and serum aldosterone and renin concentra-

tions. Patients in the ‘healthy‐adrenal’ cohort were evaluated with DST

only. Serum and urine cortisol were measured by immunochemilumi-

nescence assays in an Architect i2000 Abbott Diagnostics platform, with

an intra‐assay coefficient of variation (CV) < 10%; the reference range

was 102–535 nmol/L (3.7–19.4 µg/dl) for serum cortisol and less than

3862 nmol/24 h (140µg/24 h) for 24‐h urine cortisol. ACTH was

measured by immunochemiluminescence assays (Immulite 2000 Sie-

mens before 2019 and Liaison XL Diasorin thereafter), with an

intraassay CVs <10%. The reference range for ACTH was

2.0–10.1 pmol/L (9–46 pg/ml) for the Immulite assay and

1.0–10.7 pmol/L (4.7–48.8) pg/ml for the Liaison XL assay. DHEAS

was measured by chemiluminiscence assay in Immulite 2000 Siemens

system before March 2020, and then by Advia Centaur XP Siemens;

with intra‐assay CV< 15%. Reference ranges for DHEAS were age‐ and

sex‐specific. Women: 18–24 years 150–3402 ng/ml; 25–34 years

150–2982 ng/ml; 35–49 years 150–2582 ng/ml; 50–59 years

260–2000 ng/ml; 60–69 years 130–1300 ng/ml; and 70–79 years

170–900 ng/ml. Men: 20–29 years 2800–6400 ng/ml; 30–39 years

1200–5200 ng/ml; 40–49 years 950–5300 ng/ml; 50–59 years

700–3100 ng/ml; 60–69 years 420–2900 ng/ml; and 70–79 years

280–1750 ng/ml. Late night‐salivary cortisol was measured by electro-

immunochemiluminescence in a Cobas 6000 Roche autoanalyzer, with

an intra‐assay CV< 10% and was considered pathological at 5.74 µg/dl

(158.34 nmol/L) or higher.

2.4 | Urinary steroid profile

The urinary steroid profile was analysed both in the total fraction and

in the free (unconjugated) fraction of 24 h urine specimens. The

procedures applied are based on the methodology described by

Shackleton et al.21,22 The reference standards and the internal

standards were obtained from Sigma, Steraloids Inc and NMI as

detailed in Supporting Information: Table S1. Steroids were initially

extracted from 8ml aliquots of urine using Sep‐Pak C18 cartridges

(Waters), and split into two aliquots for the individual analyses of

total and free fractions, respectively. Total fraction was hydrolysed

with sulfatase (Sigma) and β‐glucoronidase/aryl sulfatase (Roche

Diagnostics) overnight, and re‐extracted with Sep‐Pak C18 car-

tridges. The extracts of both total and free fractions were derivatized

with methoxyamine hydrochloride and trimethylsilylimidazole as

previously described.23,24 Gas chromatography‐ mass spectrometry

(GC‐MS) analyses were performed on a Shimadzu GCMS‐QP2010

Ultra instrument. The chromatographic column was a Sapiens‐5MS

+ capillary column (30m × 0.25mm internal diameter × 0.25 μm film

thickness) from Teknokroma. The oven temperature was started at

50°C and maintained at this temperature for 3 min. Then it was

elevated 80°C per minute until 240°C was reached, followed by an

increase of 2°C per minute until 290°C were reached and then

maintained for 4 min. The ion source and transfer line temperatures

were set at 270°C and 280°C, respectively. Extracts were injected

splitless into the chromatographic system and three pre‐ and

postinjection washes (with cyclohexane) were performed between

injections. Following an 8min solvent delay, the mass detector was

operated in synchronous selected ion monitoring (SIM) mode. The

lower limit of quantification of the method was <5 µg/L for all

the analytes. The upper limit of quantification was 10,000 µg/L for all

the analytes except for cortisol, cortisone, 6β‐cortisol, 18‐OH‐

cortisol, preganetriolone and tetrahydroaldosterone (upper limit of

quantification of 1000 µg/L). Interassay variability (n = 7) was

assessed during the study using a commercial steroid standard urine

(Dutch Foundation for Quality Assessment in Medical Laboratories

[SKML], Product code SSU‐01, Lot Number 2017.056). Coefficients

of variation ranged between 6% and 21%. The normal reference

ranges for total steroids are described in Supporting Information:

Table S2. The normal range for GC‐MS analysis for urinary free

cortisol was 13–64 µg/24 h and for free cortisone was 9–80 µg/24 h.

2.5 | Data management and statistical analysis

Study data were collected and managed using REDCap electronic

data capture tools hosted at Instituto Ramón y Cajal de Investigación
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Sanitaria (IRYCIS).25,26 REDCap (Research Electronic Data Capture) is

a secure, web‐based software platform designed to support data

capture for research studies, providing (1) an intuitive interface for

validated data capture; (2) audit trails for tracking data manipulation

and export procedures; (3) automated export procedures for

seamless data downloads to common statistical packages; and (4)

procedures for data integration and interoperability with external

sources.

Statistical analysis was performed with STATA 15.0. Normal

assumption was evaluated with the Shapiro‐Wilk test. As no

normality was fulfilled, for the comparison of medians between

three groups we used the nonparametric test of Kruskal–Wallis. For

the estimation of differences between medians between two groups,

we used contrast tests using the Holm correction. Qualitative

differences were analysed with the χ2 test. Lineal correlation

between DST and USP was determined by Pearson's correlation

coefficient (r). Statistical significance was considered if a two‐tailed

p < .05 was met. Moreover, heatmap visualisation was used to

associate the clinical characteristics and the steroid metabolomes of

the patients included in this study. Heatmaps were performed using

the Pheatmap v1.0.12 R package with Euclidean distance and

UPGMA parameters. Heatmaps representation was performed with

the z‐score of each variable in each patient.

3 | RESULTS

3.1 | Patients

Of the 75 patients initially enrolled in the study, one patient in the

NFAI group was excluded after being diagnosed with nonclassical

congenital adrenal hyperplasia during follow‐up, and one patient in

the healthy‐adrenal group was excluded because glomerular filtration

rate (GFR) was <45ml/min/1.73 m2 (Figure 1). There were two

patients in the healthy‐adrenal group with DST values >1.8 µg/dl

(49.7 nmol/L) [2.9 µg/dl (80 nmol/L) and 1.9 µg/dl (52.4 nmol/L)], but

further studies discarded Cushing's syndrome (UFC and late‐night

salivary cortisol). We found that patients with ACS had a higher

prevalence of hypertension (p = .002), dyslipidemia (p = .004), and

diabetes (p = .001) than patients with NFAIs or the control group

(Table 1). Moreover, patients with ACS were under more antihy-

pertensive drugs than patients of the control group (p = .011).

Also, patients with NFAI tended to use more antihypertensive drugs

than patients of the control group (p = .078). Patients with ACS had

higher levels of late‐night salivary cortisol (4.5 ± 3.83 vs.

1.9 ± 0.53 µg/dl, p = .003) and lower ACTH (13.7 ± 6.11 vs.

9.8 ± 4.87 pg/ml, p = .026) than patients with NFAIs. No differences

in 24h‐UFC (p = .991) or DHEAS (p = .112) levels were found. Tumour

size was significantly higher in patients with ACS than NFAIs

(26.2 ± 10.07 vs. 17.9 ± 6.99mm, p = .002). All AIs had high lipidic

content in the CT and/or loss of signal in phase opposition in the MRI.

Baseline characteristics of the three groups are described in Table 1.

3.2 | Differences in the urinary steroid profile
between NFAI and healthy‐adrenal groups

We found significant differences in the levels of total urinary cortisol,

free 6ᵦ‐OH‐cortisol, free THF, free ᵦ‐Cortol, free THE, total and free

THS, 16 alfa‐OH‐DHEA and total and free 5PT among the three

groups (Table 2).

Patients with NFAI had a lower overall excretion of androgen

metabolites than patients in the healthy‐adrenal group (231 ± 190 vs.

388.7 ± 328.58 µg/24 h, p = .046). When androgens and their metab-

olites were analysed individually, the excretion of 16 alfa‐OH‐DHEA

(p = .002), total 5‐PT (p = .031), and free 5‐PT (p = .006) were

significantly lower among NFAI patients. Overall, there were no

differences in the excretion of total glucocorticoids or their

metabolites between the groups. However, when analysed individu-

ally, freeTHF (p = .001), free 5 alfa‐THF (p < .001), freeTHE (p = .002)

and free 17HP (p = .035) were lower among NFAI patients. Moreover,

24h‐UFC levels were significantly higher in NFAI patients than in

healthy‐adrenal patients (p = .038); and it was above the reference

range in 20.8% of patients in the NFAI, compared to 0% in the

healthy‐adrenal group (p = .018) (Table 2, Figure 2). Patients with

NFAI and UFC above the reference range (n = 5) had a higher

prevalence of type 2 diabetes (20.0% vs. 0%, p = .046), dyslipidemia

(100% vs. 36.8%, p = .012) and osteoporosis (33.3% vs. 0%, p = .047)

than NFAI with normal UFC levels (n = 19). However, hypertension

was more prevalent in NFAI with normal UFC levels than in those

with high levels (0% vs. 52.6%, p = .034).

Patients with hypertension in either the NFAI or the healthy‐adrenal

groups, had lower levels of androgen metabolites (229.6 ± 156.74 vs.

383.2 ± 341.07µg/dl, p= .054) and higher levels of UFC (54.4 ±64.50 vs.

F IGURE 1 Study cohort. ACS, autonomous
cortisol secretion; BMI, body mass index; CAH,
congenital adrenal hyperplasia; DST,
dexamethasone suppression test; GFR,
glomerular filtration rate; NFAI, nonfunctioning
adrenal incidentalomas. [Color figure can be
viewed at wileyonlinelibrary.com]
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24.0 ±10.39µg/dl, p= .031) than patients without hypertension. How-

ever, no differences were found in the cortisol post‐DST levels of patients

with and without comorbidities (p> .05).

3.3 | Differences in the urinary steroid profile
between NFAI and ACS‐AI group

Overall, the USP was similar between both groups. However, patients

with ACS had a lower excretion of androgen metabolites than

patients in the NFAI group (218.4 ± 204.24 vs. 231 ± 190 µg/24 h,

p = .041), including a lower excretion of 16 alfa‐OH‐DHEA (p = .002),

total 5‐PT (p = .005), and free 5‐PT (p = .001). Moreover, patients with

ACS had higher levels of free THS (p = .032), free THF (p < .001), free

5 alfa‐THF (p = .002) and free ᵦ‐cortol (p = .002). Overall, the

output of excreted metabolites of glucocorticoids tended to

be higher among patients with ACS, although differences did not

reach significance (2129.6 ± 1195.96 vs. 1550.8 ± 810.03 µg/24 h,

p = .180). Heatmaps visualisation comparing urine steroid metabo-

lomes also revealed that patients with NFAI and ACS cluster with

decreased androgen metabolite excretion compared to healthy‐

adrenal controls (Table 2, Figure 2).

3.4 | Enzymatic activity in the steroidogenic
pathway

The activities of the enzymes involved in biochemical pathways

of examined steroid metabolites were estimated by calculating

sums and ratios of these compounds in patients with AIs

and patients with healthy adrenals. The calculated ratios of

steroid metabolites in both groups are summarised in Table 3.

There was a lower aTHS/THS in the NFAI group compared to the

healthy‐adrenal group (p = .033), but no other relevant differ-

ences were found in the ratios of excreted urinary steroids

between groups.

TABLE 1 Comparison of baseline clinical and biochemical characteristics of the study cohorts.

Variable
Healthy‐adrenal
group (n = 24) NFAI group (n = 24) ACS group (n = 25) p‐value

Age, years 65.5 ± 9.63 67.4 ± 9.68 70.2 ± 7.83 .201

Female sex 75% (n ± 18) 71% (n ± 17) 64% (n ± 16) .698

Diabetes 20.8% (n ± 5) 4.22% (n ± 1) 44% (n ± 11)** .003a

Hypertension 54.2% (n ± 13) 41.7% (n ± 10) 84.0% (n ± 21)** .006a

Number of antihypertensive drugs 1.5 ± 0.52 2.1 ± 0.74 2.6 ± 0.93** .008a

Dyslipidemia 58.3% (n ± 14) 50.0% (n ± 12) 88% (n ± 22) .275

Obesity 37.5% (n ± 9) 25.0% (n ± 6) 48.0% (n ± 12) .350

Osteoporosis (n = 47) 16.7% (n ± 3) 7.1% (n ± 1) 26.7% (n ± 4) .376

Cerebrovascular disease 0% 4.2% (n ± 1) 8% (n ± 2) .370

Cardiovascular disease 29.2% (n ± 7) 25.0% (n ± 6) 20.0% (n ± 5) .747

BMI (kg/m2) 28.9 ± 7.89 28.9 ± 4.37 29.6 ± 5.13 .703

Systolic blood pressure (mmHg) 141.3 ± 16.91 139.0 ± 16.29 142.8 ± 19.46 .947

Diastolic blood pressure (mmHg) 83.1 ± 8.87 83.2 ± 9.18 81.7 ± 13.27 .835

FPG (mg/dl) 101.7 ± 22.30 109.3 ± 60.05 104.8 ± 22.74 .768

GFR (ml/min/1.73m2) 79.5 ± 11.06 79.0 ± 15.36 79.6 ± 11.52 .968

HbA1c (%) 6.1 ± 0.80 5.8 ± 0.49 6.0 ± 0.81 .305

LDL‐c (mg/dl) 106.3 ± 46.83 106.5 ± 28.57 95.9 ± 37.50 .688

HDL‐c (mg/dl) 54.2 ± 21.14 54.2 ± 10.60 61.4 ± 18.51 .235

Triglycerides (mg/dl) 118.5 ± 47.45 99.8 ± 39.88 120.9 ± 83.11 .343

DST (µg/dl) 1.2 ± 0.41 1.3 ± 0.40 4.4 ± 2.56** <.0001a

Note: **makes reference to the group with a significantly higher result when compared to the other groups. Quantitative differences were analysed by
Kruskal–Wallis; qualitative variables using the χ2 test. Quantitative variables are expressed in mean ± standard deviation and qualitative variables as
percentages and absolute numbers.

Abbreviations: BMI, body mass index; DST, dexamethasone suppression test; FPG, fasting plasma glucose; GFR, glomerular filtration rate.
aSymbol refers to statistically significant results.
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TABLE 2 Urinary steroid profile in the study cohorts

Steroid Healthy‐adrenal
Nonfunctioning adrenal
incidentalomas (NFAI)

Autonomous cortisol
secretion (ACS)‐adrenal
incidentalomas (AI) p‐value

Glucocorticoids

Urinary cortisol 118.7 ± 37.28 139.2 ± 106.13 149.3 ± 106.13 .196

UFC 25.4 ± 11.16 54.3 ± 66.07 32.0 ± 17.03 .045a

6ᵦ‐OH‐cortisol 56.0 ± 32.48 71.2 ± 34.09 55.4 ± 32.48 .132

Free 6ᵦ‐OH‐cortisol 64.7 ± 33.46 44.6 ± 25.82 45.7 ± 28.31 .036a

18OH‐cortisol 202.6 ± 133.42 190.8 ± 157.29 202.8 ± 127.49 .651

20α‐DHF 3301.2 ± 1685.66 2842.5 ± 2851.35 3242 ± 2275.60 .204

20ᵦ‐DHF 622.9 ± 318.74 594.6 ± 437.65 748.7 ± 456.81 .236

THF 2076.4 ± 1086.35 2158.899.75 2567.9 ± 1316.90 .244

Free THF 135.8 ± 66.5 75.1 ± 49.99 153.2 ± 90.71 .0002a

5α‐THF 1559.4 ± 1110.14 1329.8 ± 879.89 1310.3 ± 754.48 .923

α‐cortol 1711.0 ± 1632.71 1345.9 ± 712.41 1753.1 ± 016.68 .420

Free α‐cortol 188.8 ± 202.29 141.3 ± 91.73 205.3 ± 126.16 .067

ᵦ‐Cortol 751.5 ± 425.24 723.9 ± 275.05 919.4 ± 472.68 .304

Free ᵦ‐Cortol 63.5 ± 37.19 58.9 ± 48.86 97.4 ± 54.47 .003a

11ᵦ‐OH‐Androsterone 587.0 ± 270.21 559.7 ± 368.06 751.5 ± 478.47 .302

11ᵦ‐Etiocolanolona 204.0 ± 195.50 195.2 ± 136.78 280.4 ± 189.14 .109

Cortisone 131.2 ± 59.10 149.5 ± 97.43 163.9 ± 75.81 .188

Free cortisone 67.6 ± 29.06 91.0 ± 61.81 91.7 ± 50.00 .145

THE 4247.1 ± 2297.78 4115.1 ± 1622.44 4183 ± 1494.14 .903

Free THE 378.6 ± 200.50 213.7 ± 158.50 358.3 ± 176.08 .001a

α‐Cortolona 1993.1 ± 1045.13 1833.5 ± 806.67 1916.1 ± 709.29 .769

Free α‐Cortolona 155.2 ± 89.23 114.7 ± 82.17 164.6 ± 78.40 .064

ᵦ‐Cortolona 1972.5 ± 1037.69 1819.8 ± 801.72 1906.2 ± 707.67 .787

Free ᵦ‐Cortolona 153.2 ± 88.61 121 ± 75.32 163.3 ± 76.32 .115

11‐oxo‐Etiocolanolone 338.9 ± 204.84 370.7 ± 299.52 353.9 ± 183.93 .837

PD 164.1 ± 83.69 127.4 ± 90.99 153.8 ± 117.03 .213

17HP 167.3 ± 153.71 155.7 ± 165.99 192.1 ± 85.12 .529

Free 17HP 20 ± 18.05 12.8 ± 15.56 19.5 ± 15.94 .025a

PT 398.5 ± 221.45 319.5 ± 236.41 386.1 ± 341.96 .298

Free PT 36.3 ± 24.70 25.9 ± 30.78 32.6 ± 29.71 .062

PTONE 61.7 ± 57.36 38.8 ± 28.48 50.2 ± 36.89 .330

THS 723.3 ± 393.8 909.42 ± 575.81 1347.5 ± 952.42 .025a

Free THS 69.5 ± 43.28 57.5 ± 41.60 97.0 ± 62.61 .038a

Mineralocorticoids

THA 100.3 ± 45.05 99.3 ± 48.43 100.2 ± 39.26 .914

Free THA 6.91 ± 3.26 6.0 ± 3.32 6.2 ± 2.53 .571

5 alfa‐THA 53.8 ± 31.22 47.9 ± 20.42 38.6 ± 19.26 .126
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Among all participants in the three study cohorts, there was a

positive correlation between cortisol post‐DST level and the

excretion of glucocorticoid metabolites (r = .39, p = .001) and miner-

alocorticoid metabolites (r = .33, p = .004), and a tendency towards a

negative correlation with the excretion of androgen metabolites

(r = –0.21, p = .073).

4 | DISCUSSION

The main finding of our study was that patients with NFAIs had a

clearly different USP than that of patients without adrenal tumours.

The more relevant differences consisted of an increased excretion of

glucocorticoids and a lower activity in the androgenic pathway. Both

findings are compatible with the presence of subtle glucocorticoid

hyperactivity in NFAIs, despite their apparently ‘normal’ results in

post‐DST cortisol.

These results are in conceptual agreement with our previous data

that indicated a poor diagnostic accuracy of the DST for the

prediction of cardiometabolic comorbidities in patients with AIs,

highlighting the need of more precise markers of hypercortisolism.27

Taken together, these findings might suggest that a majority of the

so‐called NFAIs overproduce hormones in an amount which, being

insufficient to be detected by conventional methods, are actually

deleterious for the cardiometabolic profile of these patients. In

accordance, we observed an association between hypertension and

type 2 diabetes prevalence with USP characteristic of NFAIs. To our

knowledge, this is the first study evaluating such association.

Nevertheless, we could not demonstrate differences in the cardio-

metabolic profile of NFAI and healthy‐adrenal groups.

The differences in the metabolomics phenotype found between

patients with NFAI and those with healthy adrenals provide a

plausible explanation for the observed increased cardiometabolic risk

in patients with NFAI. No significant differences in the cardiometa-

bolic profile of NFAI and healthy‐adrenal groups were observed

when matched by BMI, age, and sex. However, the study was not

powered to detect such differences. Nonetheless, we found that

patients with NFAIs tended to require more antihypertensive drugs

for blood pressure control than patients with healthy adrenals,

suggesting a higher prevalence of resistant hypertension. Moreover,

TABLE 2 (Continued)

Steroid Healthy‐adrenal
Nonfunctioning adrenal
incidentalomas (NFAI)

Autonomous cortisol
secretion (ACS)‐adrenal
incidentalomas (AI) p‐value

Free 5α‐THA 60.9 ± 38.77 21.4 ± 23.07 56.2 ± 59.36 .633

THB 430.9 ± 277.87 481 ± 229.46 698.8 ± 1083.15 .836

5α‐THB 232.7 ± 129.46 207.8 ± 103.21 219.1 ± 95.94 .562

THAIdo 73.2 ± 104.37 85.9 ± 79.38 72.0 ± 129.35 .785

THDOC 47.3 ± 34.96 46.7 ± 28.11 57.6 ± 44.13 .443

5 alfa‐THDOC 33 ± 20.47 28.3 ± 11.30 37.4 ± 21.72 .914

Androgens and metabolites

Androsterone 761.4 ± 584.94 586.8 ± 522.74 466.1 ± 399.75 .056

Free androsterone 47.8 ± 52.87 25.9 ± 22.51 31.3 ± 24.50 .071

Etiocolanolone 728.0 ± 683.66 740.5 ± 883.48 416.32 272.59 .051

Free etiocolanolone 87.5 ± 93.11 82.9 ± 136.41 47.8 ± 34.89 .058

DHEA 54.4 ± 57.62 34.6 ± 39.41 31.2 ± 27.01 .270

16 alfa‐OH‐DHEA 40.9 ± 48.65 13.8 ± 12.27 20.8 ± 23.90 .002a

5PD 34.5 ± 22.32 37.1 ± 27.96 36.5 ± 21.33 .907

5PT 259.0 ± 236.80 145.0 ± 134.08 129.8 ± 178.06 .006a

Free 5PT 79.7 ± 64.20 39.6 ± 33.52 37.7 ± 42.74 .001a

Note: Steroids were expressed in microgram/24 h and in mean values ± standard deviation. Quantitative differences among the three groups were
analysed by Kruskal–Wallis test; qualitative variables using the χ2 test.

Abbreviations: 17HP, 17‐OH‐pregnenolone; 20α‐DHF, 20 α‐dihydrocortisol; 20ᵦ‐DHF, 20ᵦ‐dihydrocortisol; 5 alfa‐THA, 5α‐tetrahydro‐11‐
dehydrocorticosterone; 5 alfa‐THDOC, 5α‐tetrahydrodeoxycorticosterone; 5PD, 5‐pregnenediol; 5PT, 5‐pregnenetriol; 5α‐THB, 5α‐
tetrahydrocorticosterone; DHEA, dehydroepiandrosterone; PD, pregnanediol; PT, pregnanetriol; PTONE, pregnanetriolone; THA, tetrahydro‐11‐
dehydrocorticosterone; THAldo, tetrahydroaldosterone; THB, tetrahydrocorticosterone; THDOC, tetrahydrodeoxycorticosterone; THE,
tetrahydrocortisone; THF, tetrahydrocortisol; THS, tetrahydro‐11‐deoxycortisol.
aSymbol refers to statistically significant results.
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F IGURE 2 (See caption on next page)
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as previously described,28 we found higher cortisol post‐DST levels in

patients with than without hypertension. Supporting our findings,

several studies have reported an increased prevalence of hyper-

tension, type 2 diabetes, osteoporosis, dyslipidemia, and metabolic

syndrome in patients with NFAI9,29,30; and a significant reduction in

systolic blood pressure and body weight after adrenalectomy.31

In our series, patients with NFAI showed lower levels of 16 alfa‐

OH‐DHEA and total and free 5‐PT than those found in the healthy‐

adrenal group. This difference in the USP suggests that patients with

NFAI had mild hypercortisolism that could lead to a reduction in

ACTH secretion, resulting in mild atrophy and decreased

steroidogenesis—including androgen synthesis—in the contralateral

adrenal and in the healthy adrenal tissue adjacent to the adrenal

tumour.17,32–34 Of note, a recent study described that ACS was

associated with decreased levels of adrenal androgens, their

metabolites, and pregnenolone metabolites.32 Moreover, the putative

higher glucocorticoid activity reflected by the reduced levels of

androgen metabolites might contribute to explain the presence of

decreased androgen levels in hypertensive patients in our series.

Similarly, the mild increase in the excretion of glucocorticoids was

associated with hypertension and type 2 diabetes in patients with

NFAIs. Hence, our results suggest that alterations in androgen and

glucocorticoid secretion are in part responsible of the higher

cardiometabolic risk observed in patients with NFAIs. In fact, USP

was a better predictor of cardiometabolic comorbidities than the

cortisol post‐DST level, which was not different between patients

with and without comorbidities in either the NFAI or healthy‐adrenal

groups. One important point to highlight was that patients with

hypertension had higher UFC levels that those without hypertension.

This finding may be explained because an unbalanced cortisol to

cortisone ratio can induce a mineralocorticoid hypertension, as it has

been previously described in patients with ACTH‐dependent Cush-

ing's syndrome.35 Nevertheless, we found that either the NFAI and

the healthy‐adrenal group with hypertension had lower levels of

androgen metabolites and higher levels of UFC than patients without

hypertension. This finding may suggest that other pathophysiological

mechanisms, besides the tumours, are the cause of the worst

cardiometabolic profile in NFAI. In this line, some authors have

suggested that AIs may be part of the metabolic syndrome in patients

with insulin resistance. They propose that hyperinsulinemia caused

by insulin resistance, could result in the birthing of diverse masses

throughout the body, including adrenal masses.36

Patients with NFAI had higher levels of free urinary cortisol than

the healthy‐adrenal group. Other previous studies17,37,38 reported

that patients with NFAI had higher THF and THS than patients

without adrenal tumours. However, we did not find differences in

total THF and THS concentration between both groups. On the

contrary, the levels of THF and THS in the free form were lower in

patients with NFAI compared to those in the healthy‐adrenal group.

In the same direction, other free steroids such as 17‐HP or 5α‐THF

were lower in the NFAI group. These results suggest the presence of

differences in the conjugation of some urinary steroids in NFAI

patients. Being the first report of changes at the level of steroid

conjugation in incidentalomas, our present findings should be further

explored. Moreover, we found no differences in the aTHF/THF ratio

between both groups.

The most likely utility of THS is probably the distinction of benign

and malignant adrenal tumours.16,39,40 The mechanism underlying

THS overproduction in malignant adrenal tumours seems to be

related to a relative deficiency or dysfunction of 11β‐hydroxylase

(P450c11beta).41 Despite these findings, it is known that gluco-

corticoid excess is the main driver of cardiovascular and metabolic

damage in patients with cortisol‐producing adrenal tumours and even

NFAIs.42,43 This observation extends even to patients with primary

aldosteronism in whom the increased cortisol and total glucocorticoid

metabolite excretion correlates better than mineralocorticoid excess

with surrogate parameters of metabolic risk.44

Regarding the differential hormonal profile between patients

with ACS and NFAI, we observed higher levels of late‐night salivary

cortisol and lower ACTH in patients with ACS than NFAI. However,

several previous studies found that cortisol rhythm is preserved in

patients with AI, remarking that late‐night salivary cortisol is not a

suitable test for the screening of ACS.45,46 In this line, Vieira‐

Correa el al.46 proposes that saliva cortisol showed acceptable

performance only with the 5.0 μg/dl cortisol cutoff in the DST in AIs.

Similarly, in patients with ACS, the degree of hypercortisolism may

not be enough to completely suppress the hypothalamic‐pituitary‐

adrenal axis, and ACTH levels may not be suppressed.47

In our study, the urinary steroid profile of patients with ACS

revealed higher excretion of excreted metabolites of glucocorticoids

F IGURE 2 Heatmap visualisations of steroid metabolome profiling results. Heatmap of free glucocorticoids visualisation comparing urine
steroid metabolomes revealed that patient with NFAI and ACS clusters with an increased production of 20β‐DHF, 20α‐DHF, free cortisone,
UFC, α−18OH‐cortisol and free‐6β‐OH‐cortisol compared to controls without adrenal tumours. Heatmap of androgens visualisation comparing
urine steroid metabolomes revealed that patient with NFAI and ACS have a lower production of androgens than patients with nonadrenal
tumours. Any cluster was observed in total glucocorticoids and mineralocorticoids heatmaps. 17HP, 17‐OH‐pregnalona; 20α‐DHF,
20a‐dehydrocortisol; 20ᵦ‐DHF, 20ᵦ‐dehydrocortisol; 5 alfa‐THA, 5α‐tetrahidro‐11‐dehydrocorticosterona; 5 alfa‐THDOC, 5α‐
tetrahidrodesoxicorticosterona; 5PD, 5‐pregnediol; 5PT, 5‐pregnetriol; 5α‐THB, 5α‐Tetrahidrocorticosterona; DHEA, dehydroepiandrosterona;
PD, pregnanediol; PT, pregnanetriol; PT, pregnanetriol; PTONE, pregnanetriolona; THA, tetrahidro‐11‐dehydrocorticosterona; THAldo,
tetrahidroaldosterona; THB, tetrahidrocortisona; THDOC, tetrahidrodesoxicorticosterone; THE, tetrahidrocortisone; THF, tetrahidrocortisol;
THS, tetrahidro‐11‐desoxicortisol. [Color figure can be viewed at wileyonlinelibrary.com]
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and a lower excretion of androgen metabolites than in patients with

NFAI, confirming a larger activity in the glucocorticoid pathway. No

other differences were found in the USP; thus, suggesting the

presence of similar steroidogenic alterations in both groups. In

contrast with other studies in patients with overt adrenal Cushing's

syndrome,48,49 we did not find differences in 11β‐hydroxysteroid

dehydrogenase activity according to the putative hypercortisolism

status as assessed by DST. In Cushing's syndrome, excess cortisol

overwhelms the capacity of this enzyme—that inactivates cortisol

into cortisone—resulting in a high ratio of urinary (THF1 + a‐THF)/

THE. However, the amount of glucocorticoid excess in ACS and

possibly in NFAI may not be enough to saturate this enzyme,

explaining the lack of differences in this ratio among the three groups

included in our study.

Although we found a positive correlation between DST and

excretion of glucocorticoid and mineralocorticoid metabolites, and a

tendency to a negative correlation with the excretion of androgen

metabolites, such correlations were weak. Thus, suggesting that the

DST is not sensitive enough to detect subtle alterations in the

steroidogenic pathway in patients with AIs. In line with this, our

previous study on 823 patients with AIs showed that the diagnostic

accuracy of the DST for the prediction of cardiometabolic comorbid-

ities was poor, with areas under the ROC curve <0.61 for all the

individual comorbidities.27 Several limitations of the DST may

contribute to this poor accuracy, such as patient compliance with

the ingestion of dexamethasone, and individual differences in the

intestinal absorption and hepatic metabolism of dexamethasone,

among others.50

The study has several limitations, which need to be acknowl-

edged for accurate interpretation of the results. The small sample size

likely lacks power to find associations between the USP or the

cortisol post‐DST levels and the different cardiometabolic comorbid-

ities evaluated. In addition, with the exception of an overnight

fasting, the study protocol did not include other specific dietary

restrictions. We did not measure serum dexamethasone levels at the

time of the DST. Thus, some cortisol post‐DST levels might be falsely

elevated in some patients. In fact, two healthy controls had cortisol

post‐DST levels above 1.8 µg/dl, likely due to rapid clearance of the

drug. On the other hand, the study followed a predefined protocol,

with standardised processes for sample collection and storage, thus,

minimising the influence of various external factors such as food

intake on metabolite levels. The prospective data and sample

collection and the matching process by age, sex and BMI, also limit

the impact of these extrinsic factors on the analytes studied, and

thereby, the overall performance of USPs.

5 | CONCLUSION

This study suggests that NFAIs do secrete a subtle, yet clinically

relevant, excess of glucocorticoids which seems to be associated with

an increased prevalence of comorbidities, such as hypertension.

Future studies are needed to confirm our findings; and to identifyT
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metabolic alterations associated with an increased cardiometa-

bolic risk.
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of pheochromocytoma based 
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The purpose of our study was to develop a predictive model to rule out pheochromocytoma among 
adrenal tumours, based on unenhanced computed tomography (CT) and/or magnetic resonance 
imaging (MRI) features. We performed a retrospective multicentre study of 1131 patients presenting 
with adrenal lesions including 163 subjects with histological confirmation of pheochromocytoma 
(PHEO), and 968 patients showing no clinical suspicion of pheochromocytoma in whom plasma 
and/or urinary metanephrines and/or catecholamines were within reference ranges (non‑PHEO). 
We found that tumour size was significantly larger in PHEO than non‑PHEO lesions (44.3 ± 33.2 
versus 20.6 ± 9.2 mm respectively; P < 0.001). Mean unenhanced CT attenuation was higher in PHEO 
(52.4 ± 43.1 versus 4.7 ± 17.9HU; P < 0.001). High lipid content in CT was more frequent among 
non‑PHEO (83.6% versus 3.8% respectively; P < 0.001); and this feature alone had 83.6% sensitivity 
and 96.2% specificity to rule out pheochromocytoma with an area under the receiver operating 
characteristics curve (AUC‑ROC) of 0.899. The combination of high lipid content and tumour size 
improved the diagnostic accuracy (AUC‑ROC 0.961, sensitivity 88.1% and specificity 92.3%). The 
probability of having a pheochromocytoma was 0.1% for adrenal lesions smaller than 20 mm showing 
high lipid content in CT. Ninety percent of non‑PHEO presented loss of signal in the “out of phase” MRI 
sequence compared to 39.0% of PHEO (P < 0.001), but the specificity of this feature for the diagnosis 
of non‑PHEO lesions low. In conclusion, our study suggests that sparing biochemical screening for 
pheochromocytoma might be reasonable in patients with adrenal lesions smaller than 20 mm showing 
high lipid content in the CT scan, if there are no typical signs and symptoms of pheochromocytoma.
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The increasing use of imaging techniques leads worldwide is driving an increase in the detection of adrenal inci-
dentalomas (AIs), which are present in 4% of the general population, and in up to 10% of elderly  patients1. After 
the diagnosis of an AI, its malignant nature and its hormonal production need to be  assessed2. The diagnosis of 
adrenal cancer is usually established based on computed tomography (CT) and/or magnetic resonance imaging 
(MRI) studies due to the availability of highly specific radiological  features3. However, a complex work-up is 
generally needed to assess its functionality. Hormonal evaluation must include the assessment of glucocorticoid 
excess in all cases; whereas mineralocorticoid and/or androgen excess are evaluated in selected patients based 
on clinical suspicion. Although pheochromocytomas are rare, current recommendations include ruling out 
catecholamine excess in all AIs to avoid the possibility of life-threatening crisis resulting from catecholamine 
 excess4, by measuring urinary free metanephrines, urinary catecholamines and/or plasma free  metanephrines2.

However, measurement of these hormones and metabolites is expensive, cumbersome, time consuming, 
and may be interfered by several drug and diet components often leading to falsely elevated  results5. Moreover, 
although typical signs and symptoms of catecholamine excess are present in most patients with pheochromocy-
toma, up to 25% of them are asymptomatic and 50% present with only mild elevations of biochemical  markers6. 
In this scenario, imaging plays a crucial role in differentiating cortical adenomas from pheochromocytomas. 
Even though no single imaging feature permits ruling out pheochromocytoma with confidence, earlier studies 
suggest that combinations of CT and/or MRI features are accurate enough as to avoid biochemical evaluation in 
some  cases7–10. However, these studies have been typically conducted at single institutions with limited sample 
sizes, limiting the generalization of their results and their translation into clinical practice.

With this study we aimed to develop a predictive model based on imaging features of CT and or MRI studies 
which could reliably identify those adrenal tumours at very low risk of being a pheochromocytoma.

Methods
This retrospective multicentre study was approved by the Hospital Universitario Ramón y Cajal and Hospital 
Universitario La Princesa Ethics’ Committees, and a waiver of informed consent was granted.

Study population. We included a total of 1131 patients with adrenal lesions evaluated at 13 tertiary aca-
demic hospitals between 2001 and 2020 in whom imaging (CT and/or MRI) data were available.

Patients were classified into two groups: (i) Patients with histological confirmation of pheochromocytoma 
(PHEO group) and (ii) Patients with urinary and/or plasma free metanephrines, and/or urinary catecholamine 
levels within reference range according to the different local laboratories and without clinical suspicion for 
pheochromocytoma (non-PHEO lesions). The latter were selected from a larger multicentre adrenal inciden-
taloma database, which included information on 968 patients presenting with one or more AIs of at least 1 cm 
in larger diameter and no catecholamine excess, evaluated at seven Spanish Hospitals between 2001 and  202011. 
Patients in the first group were selected from the PHEO-RISK study database, which had information on 163 
histologically confirmed pheochromocytomas who underwent adrenalectomy between 2005 and 2020 in ten 
Spanish tertiary  hospitals12. Patients of both groups were identified through a systematic electronic search in 
the Pathology, Endocrinology, Biochemistry or Admission Departments files of the different hospitals (Fig. 1).

Clinical and hormonal evaluation. Medical records were reviewed retrospectively to extract demo-
graphic information such as age, and sex, medical history of comorbidities at diagnosis including hypertension, 
type 2 diabetes mellitus, obesity, dyslipidaemia, cerebrovascular, and cardiovascular disease, and physical exami-
nation variables including body mass index (BMI) and systolic and diastolic blood pressure.

Hormonal evaluation consisted in at least the evaluation of catecholamine excess by the measurement of 
urinary (n = 588) or plasma free metanephrines (n = 32) or urinary catecholamines (n = 801) in all patients. In 
496 patients, both metanephrine and catecholamine, were measured. Moreover, cortisol after dexamethasone 
suppression test (n = 905), plasma ACTH (n = 587), 24-urinary free cortisol (n = 441) and aldosterone/renin ratio 
(n = 638) were measured in some patients.

Figure 1.  Study population. AIs adrenal incidentaloma, CT computed tomography, MRI magnetic resonance 
imaging. *In the PHEO group there were 85 patients with only CT available and 13 with only MRI; in the non-
PHEO group there were 632 patients with only CT available and 161 with only MRI.
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Diagnostic imaging evaluation. All patients underwent unenhanced CT scan and/or MRI examinations 
at diagnosis (Fig. 1). Different equipment and image acquisition protocols were used throughout the study peri-
ods at different institutions. The following image features were extracted from study reports: (i) In CT studies, 
size (largest reported diameter), uni- or bilaterality, lipid content measured on unenhanced phase on the CT 
scan, presence of calcifications or necrosis, and Hounsfield units (HU); and (ii) in MRI studies: size (largest 
reported diameter) and chemical shift imaging, which allows the detection of intracellular lipid that is contained 
in most frequent adrenal lesions (adenomas) with loss of signal in the “out of phase”  sequence13. For bilateral 
AIs, the size of the largest adenoma was included in the analyses. Adrenal tumours were considered rich in lipid 
content when attenuation was low (< 10 HU) in a CT performed without intravenous  contrast2.

Statistical analysis. Continuous variables were expressed as mean ± standard deviation and categorical 
variables were described as proportions. For variables with some missing data, we have indicated the number of 
patients with available results in brackets in the different tables. Shapiro Wilk’s test was used to assess normal-
ity of continuous variables and Levene’s test assessed homogeneity of the variances. Student’s t test was used for 
comparison of continuous variables, and χ2 test served for the comparison of proportions among the groups of 
patients. For quantitative variables reaching statistical significance in the comparisons, receiver operating char-
acteristics curve (ROC) analysis was used as a measure of diagnostic accuracy, and to identify the cut-off values 
showing the best combination of sensitivity and specificity. The predictive model was developed using a mul-
tivariate logistic regression model. The selection of variables for the model was based on the results of the uni-
variate logistic regression model to predict non-PHEO and only variables with less than 30% of missing results 
were considered to enter in the predictive model. The estimation of all possible equations was used to select the 
model with the best diagnostic accuracy (lower Akaike index (AIC) and maximum C Harrell index. ROC curve 
was also used to construct the model with the highest diagnostic accuracy. A two-tailed P value < 0.05 was con-
sidered as statistically significant in all analyses. All statistical data analyses were performed with STATA 15.0 
(StataCorp LLC, College Station, Texas, USA).

Ethical approval. All procedures performed in the participants of the study were in accordance with the 
ethical standards of the institutional research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. The study has been approved by the Ethical Committee of the 
Hospital Universitario La Princesa and Hospital Ramón y Cajal University Hospital.

Informed consent. This retrospective multicentre study was approved, and waiver of informed consent was 
granted by the Hospital Universitario Ramón y Cajal and Hospital La Princesa Ethics’ Committees.

Results
Patients. The comparison of the clinical characteristics of the 163 patients with PHEO with the 968 subjects 
with non-PHEO lesions is summarized in Table 1. Patients in the PHEO group were younger, leaner and had less 
frequently obesity and dyslipidaemia. Genetic information was available in 136 patients of the PHEO group, of 
whom 31.6% had a predisposing hereditary syndrome (27 MEN2A, 6 neurofibromatosis type 1, 4 SDHB muta-
tions, 3 Von Hippel Lindau syndrome, 2 SDHD mutations and 1 patients MAX mutation). No differences were 
found in the prevalence of other cardiometabolic comorbidities.

Imaging and predictive model. The comparison of the imaging features of the PHEO and non-PHEO 
subgroups are summarized in Table 2. Among lesions evaluated with CT, mean tumour size was 20 mm larger in 
pheochromocytomas than in non-PHEO lesions, and the frequency of tumours above 40 mm was larger in the 
former. Calcification and necrosis were more common in pheochromocytomas, whereas high lipid content was 
much less frequent than in non-PHEO lesions. The unenhanced CT attenuation was higher in pheochromocy-
tomas as was the frequency of lesions with attenuation > 10 HU. Bilaterality was more frequent in non-PHEO 

Table 1.  Baseline characteristics of the study population.

PHEO (n = 163) NON-PHEO (n = 968) P value

Age (years) 51.7 ± 16.31 62.4 ± 11.13  < 0.0001†

Female sex 50% (n = 22) 39.0% (n = 16) 0.309

Hypertension 61.3% (n = 98) 54.0% (n = 522) 0.089

Type 2 diabetes 25.0% (n = 40) 24.7% (n = 238) 0.927

Dyslipidemia 34.6% (n = 55) 49.2% (n = 474) 0.001†

Cardiovascular events 13.8% (n = 22) 11.4% (n = 110) 0.384

Cerebrovascular events 4.4% (n = 7) 2.5% (n = 24) 0.177

Obesity 15.3% (n = 24) 37.7% (n = 306)  < 0.0001†

Systolic blood pressure (mmHg) (n = 913) 135.1 ± 18.23 135.1 ± 18.23 0.990

Diastolic blood pressure (mmHg) (n = 911) 80.3 ± 14.20 78.9 ± 10.90 0.269

Body mass index (kg/m2) (n = 784) 26.2 ± 5.33 29.4 ± 6.02  < 0.0001†
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lesions. MRI showed a loss of signal in the “out of phase” sequence in 90.3% of the non-PHEO lesions compared 
with only 39% of pheochromocytomas. The typical hyperintensity in T2-weighted MRI studies was observed in 
77.1% (64/83) of pheochromocytomas.

When using these features as single predictors of PHEO or non-PHEO lesions, HU showed the highest 
accuracy (91.7%) for PHEO lesions (AUC 0.917 [95% CI 0.866–0.968]), with a 16 HU threshold showing 89.7% 
sensitivity and 95.9% specificity, even though these measurements were not available in all patients. Accordingly, 
a low lipid content had 89.9% diagnostic accuracy for the prediction of PHEO lesions (AUC 0.899 [0.874–0.924]) 
with 89.7% sensitivity and 95.9% specificity for attenuation > 10 HU, whereas tumour size had 83.4% diagnostic 
accuracy (AUC 0.834 [95% CI 0.795–0.873]) for PHEO lesions with 76.6% sensitivity and 76.6 specificity for 
tumour size > 28 mm. On the contrary, the diagnostic accuracy of loss of signal in the “out of phase” sequence in 
MRI was only 75.5% accurate (AUC 0.757 [95% CI 0.692–0.8215]), with a 90.3% sensitivity but a 61.0% specific-
ity for the presence of the loss of signal.

The combination of tumour size and high lipid content achieved a diagnostic accuracy of 96.1% for the diag-
nosis of non-pheochromocytoma (Fig. 2). Based on the predictive model, the probability of pheochromocytoma 
in an adrenal lesion smaller than 20 mm with high lipid content in CT scan was only 0.1% (Table 3). The diag-
nostic accuracy of the predictive model slightly increased when clinical variables (obesity and dyslipidaemia) 
were included in the model (Fig. 2).

Discussion
The predictive model developed in this study suggests that pheochromocytomas can be distinguished from other 
adrenal tumours with a high diagnostic accuracy based on the radiological features of unenhanced CT scan stud-
ies. A high lipid content is very specific for non-PHEO lesions (only 4% of pheochromocytomas in our series 
had high lipid content). Moreover, when high lipid content was combined with a small tumour size (< 20 mm), 
the probability that an adrenal lesion was a pheochromocytoma was below 0.1%.

In our series, pheochromocytomas were significantly larger than non-PHEO lesions and were frequently 
above 4 cm in diameter; in agreement with the findings of previous  publications14–17. In this line, the mean 
tumour diameter in Gruber et al. metaanalysis was 38 ± 22 (range 12–150) mm; and approximately 40% of the 

Table 2.  Imaging features of PHEO and non-PHEO lesions. The numbers in brackets make reference to n/N. 
*For each increased in unit. Odds ratio (OR) were calculated by logistic regression analysis, being the reference
group non-PHEO (non-PHEO = 0, PHEO = 1).

PHEO non-PHEO P value OR [95% CI]

Unenhanced CT evaluation

Tumour size (mm) (n = 857) 44.3 ± 33.2 20.6 ± 9.2  < 0.0001 1.12* [1.10–1.15]

Tumour size > 40 mm 44.9% (61/136) 2.6% (19/721)  < 0.0001 30.05 [17.04–53.00]

Hounsfield units (n = 136) 52.4 ± 43.07 4.7 ± 17.91  < 0.0001 1.07* [1.04–1.10]

Hounsfield units > 10 (n = 136) 94.9% (37/39) 20.6% (20/97)  < 0.0001 71.23 [15.81–320.97]

Bilaterality 6.3% (10/163) 23.8% (230/968)  < 0.0001 0.21 [0.11–0.40]

Necrosis (n = 873) 23.4% (26/111) 0.5% (4/762)  < 0.0001 1.23 [1.05–1.46]

Calcifications (n = 871) 5.5% (6/109) 1.4% (11/762) 0.004 3.97 [1.44–10.98]

High lipid content (n = 767) 3.8% (3/79) 83.6% (575/688)  < 0.0001 128.91 [39.96–415.84]

MRI evaluation

Tumour size (mm) (n = 430) 38.3 ± 201.5 22.2 ± 10.00  < 0.0001 1.08* [1.06–1.11]

Loss of signal in the “out of phase” sequence (n = 390) 39.0% (23/59) 90.3% (299/331)  < 0.0001 0.07 [0.04–0.13]

Figure 2.  Diagnostic accuracy of the imaging features for the prediction of PHEO. AUC 0.961 [0.946–0.976]; 
Based on optimal threshold: Sensitivity 88.1%; Specificity 92.3%. AUC 0.970 [0.952–0.979]; Based on optimal 
threshold: Sensitivity 89.9%; Specificity 92.1%.
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tumours were larger than 4 cm in  diameter15. We found that 28 mm was the tumour size threshold with the 
highest sensitivity and specificity for pheochromocytoma. Of note, a recent study found that tumours larger than 
29 mm had a six-fold higher risk for being a pheochromocytoma than smaller  lesions14.

A high lipid content based on unenhanced CT scan offered a specificity of 96.2% for the prediction of non-
PHEO lesion in our cohort. It is known that most adenomas are rich in intracellular lipid content, leading to 
low attenuation values on unenhanced CT. In fact, attenuation values less than 10 HU are highly specific for 
 adenomas18. However, 15 to 30% of adrenal adenomas show low lipid  content19 making the differential diagnosis 
particularly challenging.

In our series, 16.4% of the non-PHEO lesions showed low-lipid content, whereas only 3 pheochromocyto-
mas had high lipid content. Thus, a high lipid content can be considered very specific for non-PHEO  lesions20. 
Accordingly, we found that HU were significantly higher in pheochromocytomas compared with non-PHEO 
lesions. A value above 16 HU showed 95.9% specificity for pheochromocytoma. Two previous meta-analy-
ses found that a cut-off of more than 10 HU had a 100% sensitivity (95% CI, 1.00–1.00) for the diagnosis of 
 pheochromocytoma15,21. For example, in the Gruber et al. metaanalysis, the mean unenhanced CT attenuation 
was 35 ± 9 HU, and only 15 tumours had attenuation ≤ 20  HU15. In this same line, Canu et al. states that it was 
calculated that 1232 patients harboring an adrenal tumor with an unenhanced attenuation value less than 10 
HU needed to be biochemically screened to detect one  pheochromocytoma22 as 0.5% of PHEOs had an attenu-
ation of 10 HU. Moreover, in the Sane et al.  series17 no patient with PHEO with an HU < 10, regardless of size, 
was described. We found that the combination of high lipid content with tumour size improved the diagnostic 
accuracy for pheochromocytomas in adrenal lesions. A similar observation had also been made in a previous 
smaller  study16.

The chemical shift imaging in MRI is considered the best one to differentiate benign from malignant adrenal 
 mass3.However, in our study the specificity of a loss of signal in the “out of phase” sequence of the MRI was 
too low to correctly identify non-PHEO lesions. Adrenal adenomas with high lipid content usually lose signal 
intensity on out-of-phase images compared with in-phase images, whereas malignant lesions and pheochromo-
cytomas remain unchanged. However, in some cases, areas of fatty degeneration can be found, leading to slight 
signal drop on chemical  shift23. Based on these findings, some studies recommend considering chemical shift as 
a second imaging test to further characterize a hyper-attenuating adrenal  mass24. In this regard, MRI seems to be 
particularly useful to evaluate adrenal lesions with an unenhanced CT attenuation between 10 and 30 HU, while 
contrast-enhanced CT might be more useful for the evaluation of adrenal lesions with attenuation values above 
30  HU13. Another typical finding of pheochromocytomas in MRI studies is the hyperintensity in T2-weighted 
images. We observed this finding in 77.1% of pheochromocytomas in our series, which is significantly higher 
than the 10% usually quoted in the  literature25.

We must acknowledge some limitations of our study, starting by its retrospective design, which is prone to 
selection bias and missing data. Furthermore, radiological characteristics were extracted from imaging studies 
reports. As a consequence, we could not obtain precise HU measurements for many tumours, precluding us to 
include the exact HU units of the adrenal lesions in our predictive model. Also, the diagnosis of the non-PHEO 
lesions was mostly based on biochemical studies as most lacked histological confirmation because surgery was 
not appropriate for their management. Albeit it is possible that the non-PHEO group could include some non-
secreting pheochromocytomas, this would be a rare event and thus, unlikely to change our findings. Moreover, 
imaging studies were acquired at different institutions with different equipment and image acquisition protocols. 
However, this supports the external validity of our current data, because this heterogeneity in equipment and 
image acquisition protocol characterizes daily clinical practice. Furthermore, the high consistency of our findings 
across different clinical sites suggests a robust diagnostic accuracy of radiological features for the discrimination 
of pheochromocytomas among adrenal lesions.

Table 3.  Probability of pheochromocytoma based on tumour size and lipid content. The lowest probability 
of PHEO was observed in patients with adrenal lesions with a tumour size < 10 mm and high lipidic content 
(probability of PHEO = 0%), and the highest risk was seen in patients with adrenal lesions > 50 mm and low 
lipidic content (85.5%).

Tumour
size

Lipid 
content

<10 mm 10-20 mm 21-30 mm 31-40 mm >50 mm

High 0% 0.1% 0.4% 1.4% 4.6%

Low 4% 12.5% 33.1% 63.1% 85.5%
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Conclusions
Our study suggests that sparing biochemical screening for pheochromocytoma might be reasonable in patients 
with adrenal lesions smaller than 20 mm showing high lipid content in the CT scan, if there are no typical signs 
and symptoms of pheochromocytoma. For such adrenal lesions, the estimated probability of being a pheochro-
mocytoma is below one in a thousand. However, further research is necessary to confirm our findings.

Received: 28 October 2021; Accepted: 3 February 2022
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Abstract: Purpose: To assess the risk of developing autonomous cortisol secretion (ACS) and tumour
growth in non-functioning adrenal incidentalomas (NFAIs). Methods: Multicentre retrospective
observational study of patients with NFAIs. ACS was defined as serum cortisol >1.8 µg/dL after
1 mg-dexamethasone suppression test (DST) without specific data on Cushing’s syndrome. Tumour
growth was defined as an increase in maximum tumour diameter >20% from baseline; and of at
least 5 mm. Results: Of 654 subjects with NFAIs included in the study, both tumour diameter and
DST were re-evaluated during a follow-up longer than 12 months in 305 patients. After a median
follow-up of 41.3 (IQR 24.7–63.1) months, 10.5% of NFAIs developed ACS. The risk for developing
ACS was higher in patients with higher serum cortisol post-DST levels (HR 6.45 for each µg/dL,
p = 0.001) at diagnosis. Significant tumour growth was observed in 5.2% of cases. The risk of tumour
growth was higher in females (HR 10.7, p = 0.004). Conclusions: The frequency of re-evaluation with
DST in NFAIs during the initial 5 years from diagnosis can probably be tailored to the serum cortisol
post-DST level at presentation. Re-evaluation of NFAIs with imaging studies, on the other hand,
seems unnecessary in most cases, particularly if the initial imaging demonstrates features specific to
typical adenoma, given the low rate of significant tumour growth.

Keywords: adrenal incidentalomas; autonomous cortisol secretion; non-functioning adrenal
incidentalomas; dexamethasone suppression test

1. Introduction

The increasing use of imaging studies has led to increasing diagnosis of adrenal
incidentalomas (AIs) in recent years. It is estimated that 5% of the general population have
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AIs but the incidence increases with age [1]. In patients with AIs there are two important
aspects that need to be ruled out at presentation: (1) malignancy, which is generally done
by imaging characteristics; and (2) functionality [2]. Although most AIs are benign and
non-functioning (NFAIs), about 15–30% are associated with hormonal hypersecretion.
Autonomous cortisol secretion (ACS) is the most common functional alteration in AIs and
it has been associated with an increased cardiometabolic risk [3].

During follow-up, 5% to 28% of NFAIs are expected to develop ACS, depending on
whether ACS diagnosis is established by serum cortisol post-DST level above 5.0 µg/dL
or 1.8 µd/dL, respectively; and 3% are expected to grow over 10 mm in maximum di-
ameter [4]. Despite the known risk for ACS development and its associated increased
cardiometabolic risk [5,6], it remains controversial whether NFAIs require long-term follow-
up; or how closely they should be monitored. The European Society of Endocrinology and
the European network for the study of adrenal tumours (ESE/ENSAT) [2] and the Italian
Association of Clinical Endocrinologists (EMA) [7] guidelines consider it unnecessary to
repeat hormonal or imaging evaluations in NFAIs if radiological features are typical of
adenoma at presentation. On the other hand, under the same circumstances, the National
Institutes of Health (NIH) [8], the French Endocrinology Society (FES) [9], the Spanish Soci-
ety of Endocrinology and Nutrition (SEEN) [10] and the American Association of Clinical
Endocrinologists (AACE/AASE) [11] guidelines recommend repeating a dexamethasone
suppression test annually for up to 5 years and imaging studies for at least one year in
tumours less than 4 cm or two years if they are 4 cm or larger.

The hypothesis of our study was that clinical, biochemical, and/or radiological fea-
tures of NFAIs that remain stable during follow-up might be different from those NFAIs
that experience significant tumour growth and/or develop ACS. Thus, the objective of
our study was to identify predictors of ACS progression and tumour growth during the
follow-up of NFAIs.

2. Materials and Methods

This study was approved by the Hospital Universitario La Princesa’s and Hospital
Ramón y Cajal’s Ethics Committees (Madrid, Spain) (approval date: 23 September 2019, acta
CEIm 10/19, approval number: 3702) and received funds from the Society of Endocrinology,
Nutrition and Diabetes of Madrid (SENDIMAD) and from the Instituto de Investigación
Biomédica Ramón y Cajal (IRYCIS).

2.1. Patients

In this retrospective study, we included patients between 18 and 90 years old with
at least one AI equal to or greater than 1 cm evaluated between 2013 and 2020 at the En-
docrine Department of one of the seven participating Spanish institutions. We excluded pa-
tients with: (i) known diagnosis of hereditary syndromes associated with adrenal tumours;
(ii) chronic treatment with glucocorticoids or drugs that impair dexamethasone metabolism;
(iii) current treatment with oral hormonal contraceptives (treatment should be suspended
for at least 6 weeks before the functionality studies); and (iv) AIs identified during the
extension study of an extra-adrenal primary cancer. For the present study, we excluded
patients with missing values in the overnight 1 mg-dexamethasone suppression test (DST)
or unavailable imaging studies (CT or MRI) at diagnosis or during follow-up; follow-up
lower than 12 months; evidence of malignancy; or functioning adenomas at presenta-
tion (Figure 1). Study data were collected and managed using REDCap electronic data
capture tools hosted at IRYCIS in Madrid, Spain [12,13]. REDCap (Research Electronic
Data Capture) is a secure, web-based software platform designed to support data cap-
ture for research studies, providing (1) an intuitive interface for validated data capture;
(2) audit trails for tracking data manipulation and export procedures; (3) automated ex-
port procedures for seamless data downloads to common statistical packages; and (4)
procedures for data integration and interoperability with external sources.
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Patients with adrenal 
incidentalomas ≥1cm evaluated 
between 2013–2020 (n = 1097) 

Non-functioning adrenal 
incidentalomas (n = 305) 

Exclusion criteria 
Adrenal carcinoma (n = 3); Primary aldosteronism (n = 26); 
pheochromocytoma (n = 7); Cushing´s syndrome (n = 10) 
Autonomous cortisol secretion (n = 337)* 
Missing values in DST at diagnosis (n = 60) or follow-up  
(n = 290) 
Unavailable radiological studies during follow-up (n = 43) 
Follow-up period <12 months (n = 16) 

2.3. Radiological Investigation

In 185 patients, an initial evaluation was performed with abdominal computed tomog-
raphy (CT), in 60 with magnetic resonance imaging (MRI) and in 60 with both techniques.
The maximum adenoma diameter was used as tumour size. For bilateral AIs, the size of
the largest adenoma was included in the analyses [14]. CT was repeated during follow-up
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in 164 patients, MRI in 115 and both studies in 26. Two hundred and forty four patients
were re-imaged with the same imaging technique used at presentation, and with a different
one in 61. Significant tumour growth was defined as an increase greater than 20% from the
baseline measurement and of at least 5 mm [10,17]. Moreover, we reported the proportion
of patients whose tumours grew more than 10 mm [4].

2.4. Statistical Analysis

Categorical variables are expressed as percentages; quantitative variables are ex-
pressed as mean ± standard deviation or median and interquartile range (IQR) depending
on the normal distribution of the variable. Odds ratios (with 95% confidence intervals) and
mean differences were calculated as association measures. For variables following the nor-
mal distribution, we used the Student’s t test to compare differences between two groups.
Pearson’s correlation coefficients (r) were used to evaluate correlations between continuous
variables. The chi-square test was performed for the comparison of categorical variables
between independent groups. Predictive factors of ACS progression were identified by
COX regression model. Nonparametric ROC curve analysis was used to determine the
diagnostic accuracy of serum cortisol post-DST concentrations for the prediction of ACS
progression in NFAIs. All statistical analyses were performed with STATA.15 (StataCorp.
2017. Stata Statistical Software: Release 15. College Station, TX, USA: StataCorp LLC). In
all cases, a two-tailed p value < 0.05 or a hazard ratio (HR) with a 95% confidence interval,
not including the null hypothesis, were considered statistically significant.

3. Results
3.1. Baseline Characteristics

A total of 305 patients with NFAIs met the inclusion criteria. At presentation, 24.4%
(43/176) of NFAIs had ACTH below 10 pg/mL. 24 h-UFC was within reference ranges in
all patients. Baseline characteristics are described in Table 1.

Table 1. Baseline characteristics of study population (n = 305).

Variable Value

Age (years) 61.5 ± 10.2
Any ACS-related comorbidities 76.4%

Hypertension 47.2%
Type 2 diabetes mellitus 24.3%

Dyslipidaemia 46.9%
Obesity 39.3%

Cardiovascular disease 9.8%
Cerebrovascular disease 2.0%

Fasting plasma glucose (mg/dL) 105.9 ± 5.87
HbA1c (%) (n = 110) 6.6 ± 5.87

LDL-c (mg/dL) (n = 225) 119.2 ± 35.39
HDL-c (mg/dL) (n = 225) 52.4 ± 15.69

Triglycerides (mg/dL) (n = 278) 115.5 ± 55.34
1 mg DST (µg/dL) 1.2 ± 0.4

24 h-UFC (µg/24 h) (n = 142) 44.1 ± 81.25
ACTH (pg/mL) (n = 176) 19.1 ± 13.54
DHEAS (µg/dL) (n = 183) 530.6 ± 604.43

Bilateral tumours 20.1%
Tumour size (mm) (n = 380) 18.3 ± 7.33

DST = dexamethasone suppression test; DHEAS = dehydroepiandrosterone-sulphate (reference range was sex
and age dependant); 24 h-UFC = 24 h urinary free cortisol; For ACTH and UFC different reference ranges were
used depending on the local laboratory of the different hospitals.

3.2. ACS Development during Follow-Up

After a median follow-up of 41.3 (IQR 24.7–63.1) months, 32 patients (10.5%) devel-
oped ACS. No patient developed overt Cushing’s syndrome. The incidence rate of ACS
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in NFAIs was of 19.3 cases/10,000 patient-year; and 60% of the cases occurred during the
initial 5 years of follow-up. However, the other 40% of cases developed ACS afterwards.
Patients with higher serum cortisol post-DST values at presentation had an increased
risk of ACS development (Table 2 and Figure 2). Serum cortisol post-DST experienced a
greater increase during follow-up compared to baseline values in patients with NFAIs that
developed ACS than in those that continued to suppress cortisol below 1.8 µg/dL after
the DST (0.8 ± 0.56 vs. 0.0 ± 0.34 µg/dL, p < 0.0001). Age and serum cortisol-post DST
presented a positive, although weak, linear correlation (r = 0.16, p = 0.006). This correlation
is clear when data are analysed, stratifying patients by age groups: <50, 50–59, 60–69, 70–79
and >80 years (Figure 3). Serum cortisol post-DST at diagnosis was the best predictor of
ACS development during follow-up, almost doubling the risk at 0.45 µg/dL increments
(Table 3). The area under the ROC curve (AUC) of serum cortisol post-DST at diagnosis for
the prediction of ACS development was 0.69 (95% CI 0.63, 0.74) and the best threshold to
predict ACS development was 1.4 µg/dL (sensitivity 59.4% and specificity 72.0%). Age
was a poor predictor for ACS development during follow-up (AUC 0.55). No statistically
significant differences were found in tumour growth during follow-up between NFAIs that
developed ACS and those that did not (1.9 ± 7.6 vs. 0.1 ± 4.2 mm, p = 0.321).

Table 2. Risk factors of ACS development in NFAIs (n = 305).

Variable HR (95% CI), p Value

Female sex 0.56 (0.24, 1.28); p = 0.155
Age at diagnosis (years) 1.04 * (1.00, 1.08); p = 0.065

ACS related comorbidities 1.42 (0.54, 3.75); p = 0.464
1mg DST (µg/dL) 6.44 * (1.88, 22.05); p = 0.001

UFC (µg/24 h) 1.00 * (0.98, 1.03); p = 0.609
ACTH (pg/mL) 0.99 * (0.94, 1.04); p = 0.664
DHEAS (µg/dL) 1.00 * (1.00, 1.00); p = 0.897

Tumour size (mm) 0.99 * (0.93, 1.04); p = 0.627
Bilaterality 1.35 (0.51, 3.56); p = 0.560

* Per each increased unit.

Figure 3. Association between age and DST values. DST: dexamethasone suppression test; DST lev-
els increased by age: mean levels by groups were the following: <50 yo (1.0 ± 0.32 µg/dL), 50–60 yo 
(1.1 ± 0.38 µg/dL), 60–70 yo (1.2 ± 0.36 µg/dL), 70–80 yo (1.2 ± 0.37 µg/dL) and >80 yo (1.2 ± 0.43 
µg/dL).

Table 3. Incidence of ACS development based on the serum cortisol post-DST level at diagnosis 
(follow-up time: 41.3 (IQR 24.7–63.1) months). 

DST Group Cases Cumulative Incidence (95% CI)
≤0.45 µg/dL 0/5 0.00 (0.00–0.43)

0.45–0.9 µg/dL 4/83 0.05 (0.02–0.12)
0.9–1.35 µg/dL 9/117 0.08 (0.04–0.14)
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3.3. Cardiometabolic Profile during Follow-Up
A total of 53 patients developed one or more new comorbidities during follow-up. 

The most common incident cardiometabolic disease was dyslipidaemia in 20.6% (n = 30) 
followed by hypertension in 11.0% (n = 16), obesity in 7.1% (n = 10) and type 2 diabetes 
mellitus in 5.7% (n = 12). Only four patients experienced new cardiovascular events and 
one patient an acute stroke. No clinical or hormonal predictors for the development of 
comorbidities were identified. We did not find differences in the risk of developing co-
morbidities between patients with NFAIs who remained hormonally stable and those 
progressing to ACS (p = 0.775) (Appendix A Table A1) or in their grade of control dur-
ing follow-up (p > 0.05 for differences in plasma glucose, HbA1c, cholesterol, LDL-c, 
HDL-c, triglycerides, and blood pressure changes during follow-up between groups). 
However, we found that cortisol post-DST levels at diagnosis were significantly higher 
in patients with hypertension (1.24 ± 0.36 vs. 1.11 ± 0.36 µg/dL, p = 0.001), type 2 dia-
betes mellitus (1.28 ± 0.36 vs. 1.14 ± 0.37 µg/dL, p = 0.004), dyslipidaemia (1.24 ± 0.37 vs. 
1.11 ± 0.36 µg/dL, p = 0.002) or a cerebrovascular event (1.54 ± 0.38 vs. 1.16 ± 0.36 µg/dL, 
p = 0.014).

3.4. Tumour Growth during Follow-Up
During the observational period, the mean tumour growth was 0.3 ± 4.70 mm. Sig-

nificant tumour growth (>20% and at least 5 mm in maximum diameter) was observed 
in ten patients (5.2%). The median growth among these tumours was 14.0 ± 8.28 mm.
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There were seven patients with AIs that grew more than 10 mm during follow-up; one of
which underwent adrenalectomy. This patient presented with bilateral AIs of 25 mm with
low opposition in the phase signal in the MRI that grew 16 mm over 35 months, devel-
oped atypical radiological features during follow-up; and upon resection was diagnosed of
metastases from colon cancer. There were no differences in follow-up time between patients
with tumours that did and did not grow significantly (60.8 ± 52.6 vs. 49.0 ± 32.3 months,
p = 0.494). Female sex was the only baseline feature associated with tumour growth
(Table 4). The risk of significant tumour growth (>5 mm) was 10.5% in women and 1.0%
in men.

Table 4. Risk factors of tumour growth in NFAIs (n = 305).

Variable HR (95% CI), p Value

Female sex 10.71 (1.34, 85.71); p = 0.004
Age at diagnosis (years) 1.05 * (0.97, 1.12); p = 0.201

1mg DST (µg/dL) 4.12 * (0.54, 31.51); p = 0.152
24 h-UFC (µg/24 h) 0.99 * (0.91, 1.07); p = 0.783

ACTH (pg/mL) 0.93 * (0.79, 1.11); p = 0374
DHEAS (µg/dL) 1.00 * (0.99, 1.00); p = 0.132

Tumour size (mm) 0.94 * (0.84, 1.05); p = 0.224
Tumour size < 25 mm 0.29 (0.08, 1.05); p = 0.076

Bilaterality 1.64 (0.34, 7.90); p = 0.558
DST = dexamethasone suppression test; DHEAS = dehydroepiandrosterone-sulphate; 24 h-UFC = 24 h urinary
free cortisol; * Per each increased unit.

Final tumour size was strongly correlated with initial (r = 0.78, p = 0.012) and diagnosis
and last-visit serum cortisol post-DST levels (r = 0.15, p = 0.02 and r = 0.13, p = 0.039,
respectively). ACS was developed during follow-up in 20.0% of tumours that demonstrated
significant growth; and in 10.4% of tumours that remained stable in size, but differences
were not statistically significant (p = 0.388).

4. Discussion

In this large multicentre retrospective observational study, 10.5% of NFAIs developed
ACS and 5.2% grew significantly over a mean follow-up time of 41.3 months. Higher serum
cortisol post-DST levels were found to be associated with ACS development; female sex
was found to be associated with tumour growth; and serum cortisol post-DST levels were
found to be linearly correlated with tumour size.

ACS, defined as serum cortisol post-DST greater than 1.8 µg/dL, was developed in
10.5% of NFAIs during follow-up. Results of previous studies are difficult to summarize,
as several different diagnostic criteria for ACS development, follow-up time and cohort
selection criteria have been used. Nonetheless, the rate of ACS in our study was within the
expected range [18–20]. No patients developed overt Cushing’s syndrome in our series,
which is also consistent with the very low rates reported in previous studies [4,21]. In
this study, no statistically significant differences were observed in the risk of developing
cardiometabolic comorbidities during follow-up between patients who developed ACS
and patients who did not. However, this is probably a consequence of several factors:
(1) a type 2 error, due to low rates of ACS and cardiometabolic comorbidities development;
and (2) short follow-up period, as the development of comorbidities is likely directly
associated not only with the serum cortisol post-DST level but also with the time of
exposure. Several previous studies, however, have observed an increased cardiometabolic
risk in patients with AIs and ACS [22,23]. Our data support this association as, despite
the lack of statistically significant differences, a higher proportion of new comorbidities in
patients who progressed to ACS than in patients who remained suppressible after DST was
also observed (Table A1). Furthermore, the prevalence of hypertension, type 2 diabetes
mellitus and dyslipidaemia in the entire cohort of this study was significantly lower than
in the 337 patients excluded for meeting criteria for ACS at presentation (Table A2). Thus,
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because most cases developing ACS do so during the initial 5 years of follow-up (60%
in this study), it seems reasonable to monitor NFAIs with 1mg-DST during this period.
This might not be cost-effective, however, in the elderly with adequate serum cortisol
suppression after 1 mg DST at presentation.

Identifying which patients are going to progress to ACS would allow individualizing
follow-up. In this study, higher serum cortisol post-DST levels were associated with ACS
development. ACS diagnosis is often challenging, and the best diagnostic threshold is
still unclear. This is a consequence of autonomous cortisol secretion being a continuum
that DST is unable to characterize in its milder forms. Thus, lower thresholds are more
sensitive but are less specific than more stringent criteria. Nonetheless, an increased
cardiovascular risk has been observed even for patients with NFAIs, that is, with serum
cortisol post-DST equal to or below 1.8 µg/dL, in previous studies [24]. This might reflect
the impact of mild glucocorticoid excess, which is currently unrecognized. Supporting this
hypothesis, our study found that patients with cardiometabolic comorbidities had higher
serum cortisol post-DST values than those without comorbidities. Moreover, patients
with DST values closer to the ACS diagnostic threshold (1.8 µg/dL) were at increased
risk for ACS development. However, these observations need further validation. Urinary
steroid profiling could prove helpful in identifying these patients earlier in the future [25].
Until then, we think the serum cortisol post-DST levels at presentation could be used to
individualize the follow-up of patients with NFAIs as described in Table 5. Measuring
serum dexamethasone along with serum cortisol might help to identify false positive results
of the test that are due to impaired dexamethasone absorption or accelerated metabolism
of the drug. DHEAS, UFC and ACTH levels could also be repeated during follow-up
when changes in DST values are detected. If serum cortisol post-DST levels continues to be
stable and below 1.8 µg/dL after 5 years of follow-up, it seems reasonable to stop looking
for ACS. However, periodic evaluation of other cardiometabolic factors might need to be
continued given the increased risk in patients with NFAIs.

Table 5. Proposed follow-up for NFAIs based on serum cortisol post-DST levels at diagnosis.

DST Value at Diagnosis Risk of ACS in Five Years Suggested Follow-Up
Recommendation

<0.9 µg/dL 5.8% DST 5 years after diagnosis *

0.9–1.45 µg/dL 7.1% DST every 2.5 years after diagnosis
for 5 years *

1.45–1.8 µg/dL 19.8% DST yearly after diagnosis for
5 years *

* Consider measuring ACTH, UFC and/or DHEAS depending on their values at diagnosis. Risk refers to the
follow-up period of this study (41.3 (IQR 24.7–63.1) months).

Older age was also found to be associated with higher serum cortisol post-DST levels
in patients with AIs. It is possible that AIs with mild unrecognized hypercortisolism have
had a longer time to progress in some older patients, and thus are closer to becoming
apparent by impairing the DST results. This is also supported by the fact that, as follow-up
time increases, the proportion of NFAIs developing ACS is higher. Other studies identified
tumour size [17,18], bilaterality and low/suppressed ACTH values [17] to be predictive
factors of ACS development in NFAIs. We did not find such an association but our results
could suffer from a type 2 error given the low number of events.

During follow-up, 5.2% of tumours grew at least 5 mm and 2.3% grew more than
10 mm, which is within the expected range, as confirmed by a recent meta-analysis [4]. We
did not find differences in the risk of growth according to the tumour size at presentation.
A previous meta-analysis, however, found NFAIs of 25 mm or larger to have a lower
risk of growth than smaller tumours, suggesting that AIs might grow until they reach
a quiescent state [4]. To our knowledge, no other previous clinical study has identified
female sex as a risk factor for tumour growth. However, as in other tumours, oestradiol
enhances the progression and migration of endothelial cells in adrenal tumours [26]. In
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fact, the proliferation rate in steroidogenic cells of female rats is 6.3-fold higher than in
male rats [27,28]. The correlation between serum cortisol post-DST levels and tumour size
has been described previously in several studies [14,29,30]. We were unable to demonstrate
an increased risk of ACS development in patients experiencing tumour growth during
follow-up, but again the study could be suffering from a type 2 error, because serum cortisol
post-DST levels were linearly correlated with the size of the AIs.

As reported in previous studies, the risk of malignancy in NFAIs with characteristics
of adenoma on imaging studies is negligible despite growth [4]. These data support the
ESE/ENSAT recommendations of not repeating radiological studies in AIs that measure
less than 4 cm and look benign on imaging studies as the risk of malignant transformation
is anecdotal. On the other hand, in AIs larger than 4 cm, a single radiological re-evaluation
in 6–12 months might be enough to completely rule out malignancy [10].

Our study has some limitations, starting with the retrospective design, which limits
the quality of the data; and does not allow the establishment of causality. The cohort
likely suffers from selection bias, as all patients included in the study were evaluated at
Endocrine departments of tertiary academic institutions. The follow-up period might be
too short for some patients. We excluded patients with less than 1 year of follow-up, and
the mean follow-up time of the study cohort was <5 years (41 months). Considering that we
observed ACS development continuously during follow-up, it is likely that some AIs that
will develop ACS in the future were analysed within the non-functioning group, potentially
leading to an underestimation of patients developing ACS and diluting differences between
groups. Thus, prospective studies with longer follow-up data are needed to confirm our
observations. Some patients (n = 61) were re-imaged using a different imaging technique
than the one used at presentation, which could lead to under or overestimation of the
incidentaloma’s growth. However, to minimize this limitation, we only considered changes
in tumour size greater than 20% to be significant. Moreover, we have not evaluated the cost
effectiveness of our proposed approach to follow-up, which needs prospective validation.

5. Conclusions

The re-evaluation of NFAIs with DST for at least 5 years seems appropriate given that
most cases of ACS development occur during this period. However, the frequency of such
evaluation can probably be tailored to the serum cortisol post-DST level at presentation.
The re-evaluation of NFAIs with imaging studies, on the other hand, seems unnecessary,
particularly if the initial imaging demonstrates features specific to typical adenoma, given
the low rates of tumour growth.
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Appendix A

Table A1. Differences in the risk of developing cardiometabolic comorbidities between patients with
AIs developing ACS and remaining suppressible during follow-up.

NFAI Remaining
Suppressible

(n = 273)

NFAI Progressing to
ACS (n = 32) HR [95% CI], p Value

Development of
comorbidities (any) 1 15.0% (n = 41/273) 25.0% (n = 8/32) 1.14 (0.48–2.70),

p = 0.775

Development of
hypertension 2 9.7% (n = 13/134) 27.3% (n = 3/11) 1.80 (0.51–6.39),

p = 0.393

Development of type
2 diabetes mellitus 2 5.2% (n = 10/191) 9.5% (n = 2/21) 1.65 (0.36–7.66),

p = 0.543

Development of
dyslipidaemia 2 20.0% (n = 26/130) 25.0% (n = 4/16) 0.86 (0.25–2.85),

p = 0.792

Development of
obesity 2 6.3% (n = 8/127) 15.4% (n = 2/13) 0.86 (0.10–7.29),

p = 0.887
ACS: autonomous cortisol secretion (cortisol post-DST >1.8 µg/dL); HR = hazard ratio; NFAI, non-functioning
adrenal incidentaloma. The risk of developing cardiovascular and cerebrovascular events could not be calculated
due to the low number of events. 1 In the denominator, all patients that did not have all the comorbidities at
diagnosis (hypertension, type 2 diabetes mellitus, dyslipidaemia, obesity and cardiovascular and cerebrovascular
disease) were considered. 2 In the denominator, only patients who did not have the comorbidity under study at
diagnosis were included.

Table A2. Differences in baseline characteristics of patients with non-functioning adrenal inciden-
talomas (entire cohort of the present study) and 337 patients excluded from the study for meeting
diagnostic criteria of autonomous cortisol secretion.

NFAI 1 (n = 305) ACS 2 (n = 337) p Value

% females 55.4 57.6 0.517

Age at diagnosis (years) 61.5 ± 10.2 65.0 ± 10.6 0.008

BMI (kg/m2) 29.3 ± 7.7 29.5 ± 6.3 0.841

Hypertension (%) 47.2% 64.6 0.000

Type 2 diabetes mellitus (%) 24.3% 32.1 0.031

Dyslipidaemia (%) 46.9% 56.2 0.038

Obesity (%) 39.3% 37.6 0.325

Cerebrovascular disease (%) 2.0% 3.2 0.343

Cardiovascular disease (%) 9.8% 15.0 0.051

Fast plasma glucose (mg/dL) 105.9 ± 5.87 112.3 ± 35.6 0.007

HbA1c (%) 6.6 ± 5.87 6.5 ± 1.4 0.832

LDL-c (mg/dL) 119.2 ± 35.39 114.7 ± 36.2 0.186

HDL-c (mg/dL) 52.4 ± 15.69 51.1 ± 14.9 0.363

Triglycerides (mg/dL) 115.5 ± 55.34 119.3 ± 61.4 0.441
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Table A2. Cont.

NFAI 1 (n = 305) ACS 2 (n = 337) p Value

1mg DST (µg/dL) 1.2 ± 0.4 3.9 ± 4.6 <0.0001

UFC (µg/24 h) 44.1 ± 81.25 63.6 ± 89.9 0.046

ACTH (pg/mL) 19.1 ± 13.54 15.5 ± 20.2 0.040

DHEAS (µg/dL) 530.6 ± 604.43 315.8 ± 372.5 <0.0001

Night salivary cortisol 2.8 ± 2.3 8.1 ± 27.1 0.085

Tumour size (mm) 18.3 ± 7.33 24.6 ± 10.8 <0.0001

Phase opposition in MRI, % 92.5 82.1 0.037

Tumour rich in lipidic content (%) 89.6 83.4 0.909
ACTH = adrenocorticotropic hormone; DHEA-S = dehydroepiandrosterone sulphate; UFC = urinary free cortisol.
ACS definition was based on a serum cortisol post-1mg dexamethasone suppression test greater than 1.8 µg/dL
without specific signs of Cushing’s syndrome. 1: cohort of the present study. 2: Patients excluded for the present
study (see Figure 1 of the manuscript) for meeting diagnostic criteria for ACS (1mg-DST > 1.8 µg/dL).

References
1. Bovio, S.; Cataldi, A.; Reimondo, G.; Sperone, P.; Novello, S.; Berruti, A. Prevalence of adrenal incidentaloma in a contemporary

computerized tomography series. J. Endocrinol. Investig. 2006, 29, 298–302. [CrossRef]
2. Fassnacht, M.; Arlt, W.; Bancos, I.; Dralle, H.; Newell-Price, J.; Sahdev, A. Management of adrenal incidentalomas: European

Society of Endocrinology Clinical Practice Guideline in collaboration with the European Network for the Study of Adrenal
Tumors. Eur. J. Endocrinol. 2016, 175, G1–G34. [CrossRef]

3. Araujo-Castro, M.; Sampedro Núñez, M.A.; Marazuela, M. Autonomous cortisol secretion in adrenal incidentalomas. Endocr. J.
2019, 64, 1–13. [CrossRef]

4. Elhassan, Y.S.; Alahdab, F.; Prete, A.; Delivanis, D.A.; Khanna, A.; Prokop, L. Natural History of Adrenal Incidentalomas with
and without Mild Autonomous Cortisol Excess. Ann. Intern. Med. 2019, 171, 107–116. [CrossRef] [PubMed]

5. Ribeiro Cavalari, E.M.; de Paula, M.P.; Arruda, M.; Carraro, N.; Martins, A.; de Souza, K. Nonfunctioning adrenal incidentaloma:
A novel predictive factor for metabolic syndrome. J. Clin. Endocrinol. Metab. 2018, 89, 586–595. [CrossRef] [PubMed]

6. Lopez, D.; Luque-Fernandez, M.A.; Steele, A.; Adler, G.K.; Turchin, A.; Vaidya, A. Nonfunctional adrenal Tumors and the risk for
incident diabetes and cardiovascular outcomes: A cohort study. Ann. Intern. Med. 2016, 165, 533–542. [CrossRef]

7. Terzolo, M.; Stigliano, A.; Chiodini, I.; Loli, P.; Furlani, L.; Arnaldi, G. AME position statement on adrenal incidentaloma. Eur. J.
Endocrinol. 2011, 164, 851–870. [CrossRef] [PubMed]

8. Grumbach, M.M.; Biller, B.M.K.K.; Braunstein, G.D.; Campbell, K.K.; Aidan Carney, J.; Godley, P.A. Management of the clinically
inapparent adrenal mass (“incidentaloma”). Ann. Intern. Med. 2003, 138, 424–429. [CrossRef] [PubMed]

9. Tabarin, A.; Bardet, S.; Bertherat, J.; Dupas, B.; Chabre, O.; Hamoir, E. Exploration and management of adrenal incidentalomas:
French Society of Endocrinology Consensus. Ann. Endocrinol. 2008, 69, 487–500. [CrossRef] [PubMed]

10. Araujo-Castro, M.; Iturregui Guevara, M.; Calatayud Gutiérrez, M.; Parra Ramírez, P.; Gracia Gimeno, P.; Hanzu, F.A. Practical
guide on the initial evaluation, follow-up, and treatment of adrenal incidentalomas Adrenal Diseases Group of the Spanish
Society of Endocrinology and Nutrition. Endocrinol. Diabetes Nutr. 2020, 67, 408–419. [CrossRef] [PubMed]

11. Zeiger, M.A.; Thompson, G.B.; Duh, Q.-Y.Y.; Hamrahian, A.H.; Angelos, P.; Elaraj, D. American Association of Clinical Endocri-
nologists and American Association of Endocrine Surgeons Medical Guidelines for the Management of Adrenal Incidentalomas:
Executive summary of recommendations. Endocr. Pract. 2009, 15, 450–453. [CrossRef]

12. Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research electronic data capture (REDCap)—A metadata-
driven methodology and workflow process for providing translational research informatics support. J. Biomed. Inform. 2009, 42,
377–381. [CrossRef] [PubMed]

13. Harris, P.A.; Taylor, R.; Minor, B.L.; Elliott, V.; Fernandez, M.; O’Neal, L.; McLeod, L.; Delacqua, G.; De-lacqua, F.; Kirby, J.; et al.
REDCap Consortium, The REDCap consortium: Building an inter-national community of software partners. J. Biomed. Inform.
2019, 95, 103208. [CrossRef]

14. Araujo-Castro, M.; Robles Lázaro, C.; Parra Ramírez, P.; García Centeno, R.; Gracia Gimeno, P.; Fernández-Ladreda, M.T.
Maximum adenoma diameter, regardless of uni-or bilaterality, is a risk factor for autonomous cortisol secretion in adrenal
incidentalomas. J. Endocrinol. Investig. 2021, 44, 1–9. [CrossRef]

15. Araujo-Castro, M.; Bengoa Rojano, N.; Fernández Argüeso, M.; Pascual-Corrales, E.; Jiménez Mendiguchía, L.; García Cano, A.M.
Cardiometabolic risk in patients with primary aldosteronism and autonomous cortisol secretion. Case-control study. Med. Clin.
2021, 157, 473–479. [CrossRef] [PubMed]

16. Araujo-Castro, M.; Robles Lázaro, C.; Parra Ramírez, P.; Cuesta Hernández, M.; Sampedro Núñez, M.A.; Marazuela, M.
Cardiometabolic profile of non-functioning and autonomous cortisol-secreting adrenal incidentalomas. Is the cardiometabolic
risk similar or are there differences? Endocr. J. 2019, 66, 650–659. [CrossRef] [PubMed]

323

http://doi.org/10.1007/BF03344099
http://doi.org/10.1530/EJE-16-0467
http://doi.org/10.1007/s12020-019-01888-y
http://doi.org/10.7326/M18-3630
http://www.ncbi.nlm.nih.gov/pubmed/31234202
http://doi.org/10.1111/cen.13822
http://www.ncbi.nlm.nih.gov/pubmed/30044007
http://doi.org/10.7326/M16-0547
http://doi.org/10.1530/EJE-10-1147
http://www.ncbi.nlm.nih.gov/pubmed/21471169
http://doi.org/10.7326/0003-4819-138-5-200303040-00013
http://www.ncbi.nlm.nih.gov/pubmed/12614096
http://doi.org/10.1016/j.ando.2008.09.003
http://www.ncbi.nlm.nih.gov/pubmed/19022420
http://doi.org/10.1016/j.endinu.2020.03.002
http://www.ncbi.nlm.nih.gov/pubmed/32349941
http://doi.org/10.4158/EP.15.5.450
http://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
http://doi.org/10.1016/j.jbi.2019.103208
http://doi.org/10.1007/s40618-021-01539-y
http://doi.org/10.1016/j.medcli.2020.07.025
http://www.ncbi.nlm.nih.gov/pubmed/33039136
http://doi.org/10.1007/s12020-019-02066-w
http://www.ncbi.nlm.nih.gov/pubmed/31473918


J. Clin. Med. 2021, 10, 5509 12 of 12

17. Falcetta, P.; Orsolini, F.; Benelli, E.; Agretti, P.; Vitti, P.; Di Cosmo, C. Clinical features, risk of mass enlargement, and development
of endocrine hyperfunction in patients with adrenal incidentalomas: A long-term follow-up study. Endocr. J. 2020, 71, 178–188.
[CrossRef]

18. Libè, R.; Dall’Asta, C.; Barbetta, L.; Baccarelli, A.; Beck-Peccoz, P.; Ambrosi, B. Long-term follow-up study of patients with adrenal
incidentalomas. Eur. J. Endocrinol. 2002, 147, 489–494. [CrossRef]

19. Fagour, C.; Bardet, S.; Rohmer, V.; Arimone, Y.; Lecomte, P.; Valli, N. Usefulness of adrenal scintigraphy in the follow-up of
adrenocortical incidentalomas: A prospective multicenter study. Eur. J. Endocrinol. 2009, 160, 257–264. [CrossRef]

20. Papanastasiou, L.; Alexandraki, K.; Androulakis, I.I.; Fountoulakis, S.; Kounadi, T.; Markou, A. Concomitant alterations of
metabolic parameters, cardiovascular risk factors and altered cortisol secretion in patients with adrenal incidentalomas during
prolonged follow-up. Clin. Endocrinol. 2017, 86, 488–498. [CrossRef]

21. Aliberti, C. Adrenal incidentalomas: Etiologic diagnostics and basic therapeutic management. A mini-review. G. Chir. 2009, 30,
243–250.

22. Yilmaz, N.; Avsar, E.; Tazegul, G.; Sari, R.; Altunbas, H.; Balci, M.K. Clinical Characteristics and Follow-Up Results of Adrenal
Incidentaloma. Exp. Clin. Endocrinol. Diabetes. 2021, 129, 349–356. [CrossRef] [PubMed]

23. Di Dalmazi, G.; Vicennati, V.; Rinaldi, E.; Morselli-Labate, A.M.; Giampalma, E.; Mosconi, C. Progressively increased patterns of
subclinical cortisol hypersecretion in adrenal incidentalomas differently predict major metabolic and cardiovascular outcomes: A
large cross-sectional study. Eur. J. Endocrinol. 2012, 166, 669–677. [CrossRef]

24. Peppa, M.; Koliaki, C.; Raptis, S.A. Adrenal incidentalomas and cardiometabolic morbidity: An emerging association with serious
clinical implications. J. Intern. Med. 2010, 268, 555–566. [CrossRef]

25. Araujo-Castro, M.; Valderrábano, P.; Escobar-Morreale, H.F.; Hanzu, F.A.; Casals, G. Urine steroid profile as a new promising tool
for the evaluation of adrenal tumors. Literature review. Endocr. J. 2021, 72, 40–48. [CrossRef] [PubMed]

26. Zhuo, Y.; Li, X.; Zheng, Q.; Fan, X.; Ma, W.; Chen, J. Estrogen enhances tumor growth and angiogenesis indirectly via mediation of
bone marrow-derived cells as well as directly through stimulation of tumor and endothelial cells. Oncol. Rep. 2018, 40, 2147–2156.
[CrossRef] [PubMed]

27. Grabek, A.; Dolfi, B.; Klein, B.; Jian-Motamedi, F.; Chaboissier, M.C.; Schedl, A. The Adult Adrenal Cortex Undergoes Rapid
Tissue Renewal in a Sex-Specific Manner. Cell Stem Cell 2019, 25, 290–296. [CrossRef]

28. Gao, X.; Yamazaki, Y.; Tezuka, Y.; Omata, K.; Ono, Y.; Morimoto, R. Gender differences in human adrenal cortex and its disorders.
Mol. Cell Endocrinol. 2021, 526, 111177. [CrossRef]

29. Vassilatou, E.; Vryonidou, A.; Michalopoulou, S.; Manolis, J.; Caratzas, J.; Phenekos, C. Hormonal activity of adrenal incidentalo-
mas: Results from a long-term follow-up study. Clin. Endocrinol. 2009, 70, 674–679. [CrossRef] [PubMed]

30. Morelli, V.; Scillitani, A.; Arosio, M.; Chiodini, I. Follow-up of patients with adrenal incidentaloma, in accordance with the
European society of endocrinology guidelines: Could we be safe? J. Endocrinol. Investig. 2017, 40, 331–333. [CrossRef]

324

http://doi.org/10.1007/s12020-020-02476-1
http://doi.org/10.1530/eje.0.1470489
http://doi.org/10.1530/EJE-08-0299
http://doi.org/10.1111/cen.13294
http://doi.org/10.1055/a-1079-4915
http://www.ncbi.nlm.nih.gov/pubmed/31958848
http://doi.org/10.1530/EJE-11-1039
http://doi.org/10.1111/j.1365-2796.2010.02291.x
http://doi.org/10.1007/s12020-020-02544-6
http://www.ncbi.nlm.nih.gov/pubmed/33219921
http://doi.org/10.3892/or.2018.6631
http://www.ncbi.nlm.nih.gov/pubmed/30106454
http://doi.org/10.1016/j.stem.2019.04.012
http://doi.org/10.1016/j.mce.2021.111177
http://doi.org/10.1111/j.1365-2265.2008.03492.x
http://www.ncbi.nlm.nih.gov/pubmed/19067718
http://doi.org/10.1007/s40618-016-0558-x

	AGRADECIMIENTOS
	CONTENIDO
	INDICE DE FIGURAS
	INDICE DE TABLAS
	RESUMEN
	INTRODUCCIÓN
	1. GLÁNDULAS SUPRARRENALES: GENERALIDADES
	1.1. Anatomía
	1.2. Fisiología del eje hipotálamo-hipofiso-adrenal
	1.3. Esteroidogénesis suprarrenal

	2. INCIDENTALOMAS SUPRARRENALES.
	2.1. Epidemiología
	2.2. Valoración hormonal
	2.3. Valoración radiológica

	3. RETOS DIAGNÓSTICOS Y PERSPECTIVAS
	3.1. Incidentalomas suprarrenales: diagnóstico de secreción autónoma de cortisol y asociación con riesgo cardio-metabólico
	3.1.1. Diagnóstico de secreción autónoma de cortisol
	3.1.2. Incidentalomas suprarrenales y riesgo cardiometabólico
	3.2. Metabolómica urinaria en el estudio funcional de los incidentalomas suprarrenales
	3.3. Medicina de precisión: individualización de evaluación y seguimiento.
	3.3.1. Evaluación inicial: limitaciones
	3.3.2. Seguimiento: limitaciones


	HIPÓTESIS Y OBJETIVOS
	RESULTADOS
	Sección I: ASOCIACIÓN DE INCIDENTALOMAS SUPRARRENALES CON RIESGO CARDIO-METABÓLICO Y ESTUDIO DIAGNÓSTICO DE LA SAC
	CAPÍTULO 1:  Maximum adenoma diameter, regardless of uni‑ or bilaterality, is a risk factor for autonomous cortisol secretion in adrenal incidentalomas
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion

	CAPÍTULO 2: Accuracy of the dexamethasone suppression  test for the prediction of autonomous cortisol secretion‑related comorbidities in adrenal incidentalomas
	Abstract:
	Introduction
	Methods
	Results
	Discussion
	Conclusion

	CAPÍTULO 3: Diagnostic accuracy of the different hormonal tests used for the diagnosis of autonomous cortisol secretion.
	Abstract:
	Introduction
	Methods
	Results
	Discussion
	Conclusion


	SECCIÓN II. ESTEROIDES URINARIOS EN LA EVALUACIÓN DE INCIDENTALOMAS ADRENALES
	CAPÍTULO 4: Characterization of the urinary steroid profile of patients with non-functioning adrenal incidentalomas. A matched controlled cross-sectional study.
	Abstract:
	Introduction
	Material and methods
	Results
	Discussion
	Conclusion

	CAPÍTULO 5: Evaluation of body composition through bioelectrical impedance and abdominal CT images in patients with and without adrenal tumors and without overt adrenal hypersecretory syndromes.
	Abstract:
	Introduction
	Material and methods
	Results
	Discussion
	Conclusion:


	SECCIÓN III. MEDICINA DE PRECISIÓN: INDIVIDUALIZACIÓN DE EVALUACIÓN Y SEGUIMIENTO
	CAPÍTULO 6: Predictive model of pheochromocytoma based on the imaging features of the adrenal tumours
	Abstract:
	Introduction
	Methods
	Results
	Discussion
	Conclusions

	CAPÍTULO 7: Predictors of Tumour Growth and Autonomous Cortisol Secretion Development during Follow-Up in Non-Functioning Adrenal Incidentalomas
	Abstract:
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions

	CAPÍTULO 8: Predictive Model for Autonomous Cortisol Secretion Development in Non-Functioning Adrenal Incidentalomas.
	Abstract:
	Introduction:
	Methods:
	Results:
	Discussion:
	Conclusion:


	DISCUSIÓN GENERAL
	1. ASOCIACIÓN DE INCIDENTALOMAS SUPRARRENALES CON RIESGO CARDIO-METABÓLICO Y ESTUDIO DIAGNÓSTICO DE LA SAC
	1.1. Riesgo cardiometabólico en pacientes con incidentalomas suprarrenales
	1.2.  Estudio diagnóstico de la SAC
	2. PERFIL DE METABOLITOS ESTEROIDEOS URINARIOS COMO POTENCIALES MARCADORES DE HIPERCORTISOLISMO EN PACIENTES CON ISNF
	3. MEDICINA DE PRECISIÓN: INDIVIDUALIZACIÓN DE EVALUACIÓN Y SEGUIMIENTO
	3.1. Marcadores de desarrollo SAC en ISNF
	3.2. Individualización del estudio diagnóstico en IS
	4. Fortalezas y limitaciones del estudio
	5. Retos y perspectivas de futuro

	CONCLUSIONES
	BIBLIOGRAFÍA
	ANEXOS
	ANEXO I
	Maximum adenoma diameter, regardless of uni- or bilaterality, is a risk factor for autonomous cortisol secretion in adrenal incidentalomas
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	Clinical evaluation
	Hormonal and biochemical evaluation
	Radiological study
	Statistical analysis

	Results
	Baseline characteristics
	Differences between unilateral and bilateral adrenal incidentalomas depending on the presence or absence of ACS at study entry
	Follow-up study

	Discussion
	Conclusion
	Acknowledgements 
	References


	ANEXO II
	Accuracy of the dexamethasone suppression test for the prediction of autonomous cortisol secretion-related comorbidities in adrenal incidentalomas
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	Clinical evaluation and definitions
	Hormonal and biochemical evaluation
	Imaging studies
	Statistical analysis

	Results
	Characteristics of the study cohort at inclusion in the registry
	Differences in the cardiometabolic profile according to different ACS diagnostic thresholds
	Assessment of diagnostic accuracy of DST for ACS-related cardiometabolic comorbidities
	Follow-up study

	Discussion
	Conclusion
	References


	ANEXO III
	Diagnostic accuracy of the different hormonal tests used for the diagnosis of autonomous cortisol secretion
	Methods
	Patients. 
	Clinical evaluation. 
	Biochemical and hormonal evaluation. 
	Laboratory assays. 
	Imaging studies. 
	Statistical analysis. 
	Ethical approval. 
	Informed consent. 

	Results
	Cardiometabolic profile at diagnosis and during follow-up. 
	Reliability and accuracy of LNSC, UFC, ACTH and DHEAS for the diagnosis of ACS. 
	Association of the individual ACS diagnostic tests’ results with comorbidities potentially related to ACS. 

	Discussion
	Conclusion
	References


	ANEXO IV
	Characterization of the urinary steroid profile of patients with non-functioning adrenal incidentalomas. A matched controlled cross-sectional study”
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion

	ANEXO V
	Predictive model of pheochromocytoma based on the imaging features of the adrenal tumours
	Methods
	Study population. 
	Clinical and hormonal evaluation. 
	Diagnostic imaging evaluation. 
	Statistical analysis. 
	Ethical approval. 
	Informed consent. 

	Results
	Patients. 
	Imaging and predictive model. 

	Discussion
	Conclusions
	References


	ANEXO VI
	Introduction 
	Materials and Methods 
	Patients 
	Clinical and Hormonal Assessment 
	Radiological Investigation 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	ACS Development during Follow-Up 
	Cardiometabolic Profile during Follow-Up 
	Tumour Growth during Follow-Up 

	Discussion 
	Conclusions 
	References




