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Tesis en formato de compendio de publicaciones.

La presente tesis consta de cinco objetivos y tres articulos. Todos ellos han sido
llevados a cabo con muestra recogida en la Unidad de Adicciones Comporta-
mentales del Hospital Universitario de Bellvitge (HUB).

Obijetivos:

1. Explorarycomparar las concentraciones plasmaticas de hormonas regula-
doras del apetito (leptina, grelina, adiponectinay LEAP-2) entre pacientes
con trastorno de juego y sujetos sanos. (Estudio 1)

2. Analizar las correlaciones entre factores endocrinos y aspectos neurop-
sicolégicos y clinicos en el trastorno de juego. (Estudio 1)

3. Explorar si existen diferencias en las concentraciones plasmaticas de
las hormonas implicadas en la regulacion del apetito (grelina, LEAP-2,
adiponectina y leptina) en una muestra de pacientes diagnosticados de
trastorno de juego cony sin adiccion a la comida. (Estudio 2)

4. Explorarlas correlacionesentre los niveles de las hormonas implicadas en
trastorno de juego y adiccion ala comiday las variables clinicas y psicol -
gicas en el subgrupo con adiccién a la comida. (Estudio 2)

5. Evaluar los correlatos clinicos de la adiccion a la comida en pacientes con
trastorno de juego, teniendo en cuenta rasgos de personalidad, el estado
psicoldgico o el consumo de sustancias y en funcién del sexo. (Estudio 3)
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1.1. CEREBRO Y APARATO DIGESTIVO, UNA MIRADA INTEGRADORA

Durante muchos afos en la historia de la medicinaimperé un modelo centrado
en el estudio de 6rganos por separado, asi como en la busqueda de explicacio-
nesy tratamientos alos diferentes problemas de salud a través de laidentifica-
cion de disfunciones aisladas en los mismos. Sin embargo, durante las Gltimas
décadas, ha quedado patente que muchas patologias presentan etiologias y
cursos evolutivos complejos, en los que es necesario ampliar el foco, adoptan-
do una miradasistémica, paraentender lainteraccién entre diferentes 6rganos
y sistemas de cara a comprender su base bioldgica.

Enestalinea, la conexién entre el sistema digestivo y las estructuras cerebra-
les encargadas de procesar aspectos como las emociones o los recuerdos ha
sido ampliamente analizada. Durante los Ultimos afnos, y a través de diversos
enfoques, han sido muchos los autores que han logrado demostrar la implica-
ciondedichainterrelacion en trastornos mentales. Los mecanismos bioldgicos
gue subyacen a dicha conexion son variados y complejos, incluyendo sistemas
hormonales, aspectos inmunoldgicos, vias de neurotransmisiény seializacién
através de lainteraccion con la microbiota intestinal (1).

Ejemplos paradigmaticos podrian ser los multiples estudios que, sin obviar el
impacto de factores psicoldgicos y sociales en la etiopatogenia los trastornos
mentales, han logrado identificar asociaciones entre alteraciones en la micro-
biota intestinal y trastornos depresivos u obesidad (2,3). Por otro lado, y en
sentido inverso, es ampliamente conocido que algunos trastornos digestivos se
encuentran intimamente relacionados con el estado mental de los individuos
gue los padecen,como es el caso de las enfermedades inflamatorias intestina-
les, en las que se observa una elevada comorbilidad con trastornos de ansiedad
y depresion, pudiendo afectar al curso evolutivo de la enfermedad (4). En la
misma linea, algunas enfermedades metabdlicas como la diabetes mellitus se
han relacionado con un aumento en el riesgo de presentar trastornos afectivos
como la depresion mayor (5).




Toda esta evidencia ha tenido una repercusioén asistencial clara durante los
Gltimos anos, y, por ejemplo, es cada vez mas frecuente que los profesionales
de salud mental recomienden a sus pacientes poner el foco en mantener una
dieta saludable y prestar atencién a aspectos relacionados con el estado me-
tabdlico, como factor fundamental a la hora de cuidar la salud mental.

Los estudios que componen el presente trabajo pretenden ahondar en el ana-
lisis de lainteraccion entre aparato digestivo, estado metabdlico y trastornos
mentales, analizando una de las diversas vias de comunicacién entre ambos
sistemas: la senalizacién a través de factores neuroendocrinos. Se preten-
de estudiar esta via de interrelacién en trastornos adictivos, en concreto el
trastorno de juego (TJ) y la adiccidn a la comida o food addiction (FA), ambas
entidades englobadas dentro del denominado espectro impulsivo-compulsivo.

1.2. ESPECTRO IMPULSIVO-COMPULSIVO
1.2.1. Definicién y marco teérico

Existe un debate abierto en lacomunidad cientifica acerca de cual es la aproxi-
macién mas apropiada alahorade estudiar y abordar los trastornos mentales.
Si bien las principales clasificaciones diagnésticas histéricamente han abogado
por un planteamiento categorial, son muchos los autores que defienden que
una aproximacion dimensional puede ser Gtil ala hora de conceptualizar dichos
trastornos y evitar las principales limitaciones del modelo categorial (princi-
palmente la excesiva frecuencia de comorbilidad diagndstica y la perspectiva
dicotémica de ausencia o presencia de enfermedad, sin tener en cuenta posi-
bles diferentes niveles de severidad) (6).

Es en este contexto en el que nace el concepto de espectro impulsivo-com-
pulsivo, constructo que pretende englobar en un mismo continuum distintos
trastornos mentales en cuyo desarrollo estarian implicadas disfunciones,
en mayor o menor medida, de aspectos neurobiolégicos relacionados con la
compulsividady laimpulsividad (7). De esta forma, en uno de los extremos del
espectro se situaria la compulsividad, definida como la tendencia aincurrir en
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conductas repetitivas de forma excesiva, dirigidas a aliviar el malestar emocio-
naly la ansiedad; y en el extremo opuesto se ubicaria laimpulsividad, descrita
como la tendencia a llevar a cabo conductas buscando una excitacion o grati-
ficacion inmediatas, infravalorando el potencial dafio que puedan derivar de
las mismas. Préximas al polo de la compulsividad se situarian entidades diag-
nésticas como el trastorno obsesivo-compulsivo (TOC), el trastorno dismorfico
corporal o la anorexia nerviosa de tipo restrictivo (AN-R) y hacia el polo de |a
impulsividad se ubicarian patologias como el trastorno por uso de sustancias
(TUS), la bulimia nerviosa (BN), la anorexia nerviosa de tipo purgativo (AN-P)
o las dos entidades diagndsticas que han sido objeto de estudio en el presente
proyecto de tesis doctoral: el trastorno de juego y la adiccion a la comida (7).

A lo largo de los ultimos afos se ha descrito una elevada comorbilidad entre
estas entidades diagnésticas, identificAndose aspectos clinicos compartidos
por diferentes trastornos del espectro impulsivo-compulsivo, lo cual ha llevado
adiversos autores a proponer que dicho conjunto de trastornos podrian com-
partir aspectos neurobiolégicos comunes, relacionados con la disfuncion de
circuitos cerebrales implicados en el desarrollo de alteraciones en la compul-
sividad y laimpulsividad (8). En estudios recientes se han llegado a sugerir que
hallazgos neurobioldgicos concretos, como una reduccion de la activacion del
estriado ventral durante lafase de anticipacién de larecompensa, podria cons-
tituir un posible biomarcador comun a diferentes trastornos del espectro (9).




Bulimia Nerviosa

Anorexia Nerviosa - Purgativa Trastorno por Atracon
Anorexia Nerviosa - Restrictiva
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Trastorno Obsesivo Compulsivo

Z

\/I

S
Compulsividad Impulsividad

Figura 1. Representacién del modelo transdiagndstico del espectro impulsivo-compulsivo.

Nota: Elaboracion propia.

1.2.2. Trastorno de Juego

1.2.2.1. Clasificacidn y criterios diagnédsticos

El juego se define como una actividad que consiste en poner en riesgo algo
valioso con la esperanza de obtener algo de mayor valor (10). Dicha conducta
se remonta a las primeras civilizaciones humanas y ha evolucionado a lo largo
de la historia. Actualmente, las modalidades de juego mas populares, espe-
cialmente entre la poblaciéon joven, son las apuestas deportivas, el péquer y
algunos juegos de casino. Sin embargo, y especialmente en Espafia, durante
décadas, juegos como las maquinas recreativas con premioy,en menor medida,
el bingo, han sido mucho mas frecuentes. Asimismo, |la loteria, especialmente la
navidena, constituye un fenédmeno social Unico en el panorama internacional,
considerandose como algo casi tradicional. Cabe destacar que el juego puede
llevarse a cabo de forma presencial o a través de Internet.

A nivel conceptual se diferencian dos grandes tipos de juego: el juego estraté-
gico (que implica el uso por parte del jugador de conocimientos o habilidades
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relacionadas con el juego para poder participar y aspirar a obtener unresulta-
do favorable, como por ejemplo los juegos de cartas o las apuestas deportivas)
y el juego no estratégico (en el cual el resultado del juego es completamente
aleatorio, como es el caso de las maquinas, la loteria o el bingo).

Este tipo de actividades estan muy extendidas y culturalmente arraigadas en
nuestra sociedad, pero entrafanriesgos evidentes, especialmente para colec-
tivos vulnerables. Si bien para muchos el juego se limita a una actividad de ocio
esporadica entérminos de tiempo dedicado, frecuenciay dineroinvertido, para
algunas personas puede suponer la entrada en una dindmica de ganancias y
pérdidas que puede conducir auna pérdida de control en cuanto ala conducta
dejuego. En este contexto, el TJ es el término utilizado en la quinta edicién del
Manual Diagnéstico y Estadistico (DSM-5) para definir un patrén persistente
y recurrente de conducta de juego que se asocia a un malestar o un deterioro
psicosocial significativo (11).

Nivel 1: Jugador social

Juega de forma esporadica, por placer, dentro de un contexto social y sin problemas
derivados de la conducta de juego.

Nivel 2: Jugador problematico

Apuesta de forma habitual, lo cual le genera problemas ocasionales. Presenta algunos sintomas
sugestivos de un trastorno de juego, sin llegar a cumplir criterios para su diagnéstico.

Nivel 3: Jugador patolégico

Elindividuo que ha perdido el control sobre la conducta de juego, implicando un deterioroy
malestar significativo. Cumple criterios de trastorno de juego.

Figura 2. Tipos de jugador segun laintensidad y repercusion de la conducta de juego. Adaptada

de Jiménez-Murcia y Aymami (12)




El TJ es la adiccion comportamental con mayor apoyo empirico y reconoci-
miento formal por parte de la comunidad cientifica. Esta entidad diagndstica
aparecio por primera vez en el DSM-II1 bajo la denominacion de juego patolo-
gicoy fue inicialmente clasificado como un trastorno del control de impulsos.
Sin embargo, fue posteriormente reclasificado dentro de la categoria de tras-
tornos adictivos con la publicacién del DSM-5, modificacién que vino justifi-
cada por la extensa evidencia cientifica que demuestra que dicho trastorno
comparte multiples similitudes tanto clinicas como neurobioldgicas con los
trastornos por uso de sustancias (TUS) y que implicé un importante cambio
de paradigma, tanto a nivel de enfoque terapéutico como de investigacion de
aspectos etiopatogénicos (10). De forma similar, otra de las principales clasi-
ficaciones, como es la Clasificacién Internacional de Enfermedades, undécima
edicion (CIE-11), incluye el TJ como categoria diagndstica dentro de la seccién
“trastornos debidos al consumo de sustancias o conductas adictivas” (13). Los
criterios diagnésticos del TJ seglin el DSM-5 vienen recogidos en la tabla 1.
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Tabla 1. Criterios diagndsticos DSM-5 para el trastorno de juego

A. Trastorno por juego problematico persistente y recurrente, que provoca un deterioro o
malestar clinicamente significativo y se manifiesta porque el individuo presenta cuatro (o mas) de
los siguientes criterios durante un periodo de 12 meses:

1. Necesidad de apostar cantidades de dinero cada vez mayores para conseguir la excitaciéon

deseada.

Esta nervioso o irritado cuando intenta reducir o abandonar el juego.

Ha hecho esfuerzos repetidos para controlar, reducir o abandonar el juego, siempre sin éxito.

4. A menudo tiene la mente ocupada en las apuestas (p. €]., reviviendo continuamente con la
imaginacion experiencias de apuestas pasadas, condicionando o planificando su préoxima
apuesta, penando en formas de conseguir dinero para apostar).

5. A menudo apuesta cuando siente desasosiego (p. ej., desamparo, culpabilidad, ansiedad,
depresion).

6. Despuésdeperderdineroenlasapuestas,suele volver otrodiaparaintentar ganar (“recuperar”
las pérdidas).

7. Miente paraocultar su grado de implicacién en el juego.

8. Hapuestoen peligro o ha perdido unarelaciéonimportante, un empleo o una carrera académica
o profesional a causa del juego.

9. Cuentaconlos demas para que le den dinero para aliviar su situacién financiera desesperada
provocada por el juego.

w N

B. Su comportamiento ante el juego no se explica mejor por un episodio maniaco.

Especificar si:

Episédico: Cumple los criterios diagndsticos en mas de una ocasién, si bien los sintomas se
apaciguan durante varios meses, por lo menos entre periodos de trastorno por juego.
Persistente: Experimenta sintomas continuamente, cumple los criterios diagnésticos durante
varios afos.

Especificar si:

En remisién inicial: Tras haber cumplido previamente todos los criterios de trastorno por juego,
no ha cumplido ninguno de ellos durante un minimo de 3 meses, pero sin llegar a 12 meses.

En remisién continuada: Tras haber cumplido previamente todos los criterios de trastorno por
juego, no ha cumplido ninguno de ellos durante un minimo de 12 meses o mas.

Especificar la gravedad actual:
Leve: Cumple 4-5 criterios.
Moderado: Cumple 6-7 criterios.
Grave: Cumple 8-9 criterios.

Adaptado del Manual Diagnéstico y Estadistico de los Trastornos Mentales DSM-5 (11)



1.2.2.2. Epidemiologia

Se estima que la prevalenciaalo largodelavidadel TJsesitaentreel 0,4y el
1% de la poblacién, siendo mas frecuente en hombres que en mujeres, si bien
esta diferencia podria estar reduciéndose en los Ultimos afos, segiin apuntan
diversos estudios (11). Cabe senalar que algunos autores han propuesto que
esta tradicional diferencia entre sexos podria tener relaciéon con una posible
menor tendencia a consultar en unidades especializadas por parte de las mu-
jeres, debido probablemente a un mayor estigma social, lo cual llevaria auna
infraestimacién del problema en estudios de prevalencia (14,15).

Mas alla de diferencias en prevalencia, existen algunas caracteristicas diferen-
ciales en el curso de la enfermedad entre hombres y mujeres. Por un lado, los
hombres tienden a presentar una edad de inicio menor y en general muestran
una preferencia por juegos estratégicos (se ha postulado que por el componen-
te de competitividad que implican) (16), mientras que las mujeres presentan
debuts mas tardios pero suelen requerir de un menor intervalo de tiempo
desde el inicio de la conducta de juego hasta el desarrollo del trastorno (17).

1.2.2.3. Factores de riesgo

EI TJ, como el resto de trastornos adictivos, son un ejemplo paradigmatico de
interaccion de factores de vulnerabilidad biolégica con aspectos psicologi-
cos y sociales, que juegan un papel clave tanto en la instauracién como en el
mantenimiento de la conducta problema. En este contexto, ciertos individuos
pueden presentar un mayor riesgo de padecer este trastorno. A continuacion,
se detallan algunos de los factores de riesgo identificados y respaldados con
un mayor nivel de evidencia cientifica.

» Sociodemograficos: Al igual que en otros trastornos mentales y en concreto
en las adicciones, los factores sociales y demograficos juegan un papel muy
relevante endesarrolloy el mantenimiento del TJ. Estudios previos demues-
tran que sujetos de grupos de edad concretos, como los adolescentes y los
adultos jovenes o de mediana edad, presentan una mayor vulnerabilidad para
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el desarrollo del trastorno. Ademas, también se han descrito como factores
de riesgo un bajo nivel educativo, el hecho de vivir en entornos socialmente
desfavorecidos o la ausencia de supervision parental (10,18,19).

A nivel ambiental, existen estudios recientes que correlacionan la exposicion
a publicidad relacionada con el juego, asi como una mayor accesibilidad al
mismo, con un mayor riesgo de desarrollar el trastorno (20).

Psicolégicos: Aspectos relacionados con la psicopatologia y la personalidad
premorbida también constituyen factores clave ala hora de entender las dife-
rencias interpersonales en cuanto a la vulnerabilidad para el desarrollo del TJ.

Uno de los principales factores psicolégicos relacionados con el TJ es la im-
pulsividad. Numerosos estudios han demostrado que diferentes aspectos
de la impulsividad (como la urgencia positiva, la urgencia negativa o la di-
ficultad para la supresion de respuestas motoras) pueden verse alterados
en individuos con TJ (21-23) y se ha descrito que personas con una elevada
impulsividad presentan un mayor riesgo de desarrollar el trastorno (10,19).

En cuanto afactores de personalidad relacionados con el TJ, si bien no existe
un Unico perfil que caracterice a todas las personas con dicho trastorno, si
se han descrito algunos factores de riesgo para desarrollar problemas re-
lacionados con el juego. Estos incluirian, segliin estudios previos, una alta
tendencia a la busqueda de sensaciones, una elevada evitacion del dafo, un
alto neuroticismo o una baja auto-direccion (24-27).

En este sentido, diversos autores han estudiado las caracteristicas psicolo-
gicas de las personas con TJ y,en la busqueda de modelos tedricos en cuanto
a la etiopatogenia se han desarrollado paradigmas psicosociales como el de
Blaszczynski y Nower (2002) (28), que actualmente, cuenta con un sélido
respaldo empirico (29), y que diferencia tres grupos distintos de individuos
con vulnerabilidad para el desarrollo de TJ: los conductualmente condicio-
nados, los emocionalmente vulnerables y los impulsivos con caracteristicas
antisociales.




Segun este modelo, el primer grupo de pacientes, conocido como el de juga-
dores conductualmente condicionados, serian aquellos que oscilan entre el
juegoregulary el excesivo por los efectos del condicionamiento propio de los
juegos de apuesta, asi como por distorsiones cognitivas en torno a la proba-
bilidad de ganar y una serie de juicios erréoneos o una pobre capacidad parala
toma de decisiones, mas que por un deterioro en el control conductual (28).

Los segundos, el grupo de los emocionalmente vulnerables, estarian carac-
terizados por presentar, ademas de procesos de condicionamiento y distor-
siones cognitivas como en el grupo previo, unos mayores niveles de ansie-
dad y/o depresion premodrbidos, dificultades en el desarrollo de estrategias
adaptativas de afrontamiento ante el malestar emocional o el estrés y, en
muchos casos, eventos vitales adversos que pueden actuar como detonante
o factor mantenedor de la conducta problema. En estos individuos es mas
frecuente la existencia de antecedentes de traumaen lainfanciay la conduc-
ta de juego estaria motivada por la intencién de modular estados afectivos
negativos (28).

En el tercer grupo, los jugadores impulsivos con caracteristicas antisociales,
destaca una mayor interferencia de contextos psicosociales adversos enre-
lacion a la conducta de juego. En este grupo predomina la impulsividad y es
habitual que coexista una historia previa de conductas de riesgo mas alla del
juego, incluyendo consumo de sustancias y conductas delictivas. Asimismo,
seria el grupo en el que existiria mayor implicacion de los factores de riesgo
neurobioldgicos (28).
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Subtipo 1 Subtipo 2 Subtipo 3

No psicopatologia Antecedentes de
premérbida traumaenla
infancia

Impulsividad

Anti-social /
rasgos narcisistas
Vulnerabilidad
emocional (depresion
y/o ansiedad pre- o
post- inicio del
problema de juego

Asuncién de riesgos

Motivacion de
significadoy

afrontamiento
Motivacion de
afrontamiento

Factores ecolégicos

J

Distorsiones cognitivas

J

Efectos condicionantes

J

Trastorno de juego

Figura 3. Representacion del modelo de Blaszczynskiy Nower. Adaptado de Nower, Blaszczynski
et al.(30)

Cabe senalar que este modelo ha servido como base para estudios mas re-
cientes en los que se proponen otras clasificaciones en cuanto a subtipos de
individuos con TJ. En este sentido, un estudio llevado a cabo por Jiménez-
Murciay colaboradores en 2019, en el que se analizé una amplia muestra de
hasta 2570 personas con TJ, propuso en base a los resultados obtenidos una
clasificacion en tres subgrupos o clusteres en funcién del nivel del malestar
emocional, que resultd ser la variable mas relevante a la hora de identificar
subgrupos mutualmente excluyentes. De esta forma, el clister 1 se definiria
como el de sujetos con un “elevado malestar emocional” y se caracterizaria
por una mayor edad, gravedad y duracién del trastorno, asi como una mayor
severidad en los niveles de psicopatologia. En clister 2 seria el de “malestar
emocional leve” que aglutiné a la mayor parte de la muestra estudiada y que




implicaria una psicopatologia general y gravedad del TJ mas leve. El cluster 3,
definido por un “moderado malestar emocional” estaria compuesto por sujetos
jévenes, con un mayor nivel de educacion, duraciéon mas corta del trastornoy
niveles moderados de psicopatologia general (31).

Genéticos: Mas alla de factores ambientalesy psicoldgicos, que sindudajuegan
un papel crucial en el desarrollo del TJ, estudios de heredabilidad realizados en
muestras de gemelos sugieren un componente de predisposiciéon genética para
el desarrollo de este trastorno (32), algunos de los mecanismos implicados se
enumeran a continuacion:

» Genesrelacionados con la sefalizacién dopaminérgica: Se haobservado que
ciertos polimorfismos en genes asociados con laregulacion de la neurotrans-
mision en vias dopaminérgicas,como DRD1, DRD2y DRD4, relacionados con
procesos de recompensa y motivacion, podrian aumentar la vulnerabilidad
para el desarrollo de TJ (10,33).

» Genes implicados en el sistema serotoninérgico: Alteraciones en genes que
regulan la serotonina, otro neurotransmisor asociado con el control de los
impulsos y las emociones, como SLC6A4, MAOA o MAOB, han sido vincula-
das con un mayor riesgo de desarrollar el trastorno (10,33).

» Genes relacionados con factores neurotroéficos: Recientemente se ha es-
tudiado la posible vinculacién de alteraciones en genes que codifican para
factores neurotroficos y TJ. Este conjunto de proteinas, entre las que se
encuentran en factor de crecimiento nervioso (NGF), el factor neurotroéfico
derivado del cerebro (BDNF) y las neurotrofinas 3 y 4, se ha vinculado con
la fisiopatologia de diversos trastornos mentales, entre ellos las adicciones,
por su conocida implicacion en la regulacion de la actividad neuronal y plas-
ticidad sinaptica (34-36). Los resultados hasta la fecha indican que algunos
polimorfismos, en concreto en NTF3 y NTRK2, podrian estar relacionados
con una mayor vulnerabilidad para presentar el trastorno (37).
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 Otros: Estudios recientes, usando la técnica de asociacién del genoma com-
pleto (GWAS) han identificado que distintas variantes de otros genes (MT1X,
ATXN1y VLDLR), previamente relacionados con adicciones y otros trastor-
nos mentales, podrian estar asociadas a TJ (38).

1.2.2.4. Comorbilidades

El TJ, al igual que otros trastornos del espectro impulsivo-compulsivo, fre-
cuentemente se presenta asociado a otros trastornos mentales. Las entidades
diagndsticas mas frecuentemente relacionadas con dicho trastorno son los
TUS (principalmente trastorno por consumo de alcohol), trastornos afectivos
y trastornos de personalidad (10,39,40). Sin embargo, también se han descrito
asociaciones con otras entidades diagndsticas como trastornos de la conduc-
ta alimentaria (TCA), trastornos psicoticos o trastornos del neurodesarrollo
(41,42). Lacomorbilidad, como suele ser habitual, frecuentemente se relaciona
con mayor gravedad del trastorno o una mayor dificultad para el tratamiento,
lo cual supone un importante reto asistencial (43).

La conducta suicida en personas con TJ requiere una mencién especial. La
evidencia disponible demuestra una sélida relacion entre el TJ y el suicidio en
jugadores de todas las edades (44-46), si bien existen autores que cuestionan
si dicho fendmeno se explica como elemento intrinseco o complicacion del
propio trastorno o si se explica mejor como consecuencia de las frecuentes
comorbilidades psiquiatricas a las que se asocia, como se ha mencionado pre-
viamente (47). Diversos estudios centrados en analizar dicha cuestién repor-
tanresultados contradictorios; si bien hay trabajos recientes que sugieren una
asociacion entre el TJ y el suicidio, incluso tras ajustar por variables que po-
drian actuar como factor de confusién, como las comorbilidades psiquiatricas
(en concreto depresion, trastornos de ansiedad y TUS) (45), otros no reportan
asociaciones significativas en dicho sentido (48-50). En suma, larelacién entre
el suicidioy el TJ esunarealidad clinica, si bien todavia existen dudas respecto
a los mecanismos mediante los cuales se produce esta asociacion.




1.2.2.5. Aspectos neuropsicolégicos

Los individuos con TJ presentan unas alteraciones a nivel neurobiolégico que
los sitlla en una posicion de vulnerabilidad para el desarrolloy mantenimiento
de la conducta de juego, asi como de otros trastornos del espectro impulsivo-
compulsivo, a pesar de la aparicién de consecuencias negativas.

En este sentido, las caracteristicas neurobioldgicas relacionadas con los tras-
tornos adictivos incluyen procesos neuropsicolégicos alterados no sélo en
relacién con las funciones ejecutivas, como la inhibicion de la respuesta, la au-
torregulacion, latoma de decisiones, la flexibilidad cognitiva o la planificacion,
sino también con la memoria de trabajo (51-53). Estas funciones cognitivas
se han descrito como sintomas centrales en los trastornos adictivos y estan
especialmente relacionadas con el deterioro de |la capacidad de control sobre
los impulsos presente en estas entidades (52).

Estas alteraciones neuropsicolégicas se han relacionado ampliamente conel TJ,
y diversos estudios apuntan a que no sélo implican una mayor probabilidad de
desarrollar el trastorno, sino que también se asocian con una mayor duracion
y gravedad del mismo (54,55). En lamisma linea, trabajos recientes apuntan a
gue disfunciones a nivel neuropsicolégico podrian relacionarse con una peor
respuesta al tratamiento. En concreto, se ha propuesto que una baja flexibili-
dad cognitiva en pacientes con TJ podria constituir un predictor de abandono
del tratamiento y de una mayor probabilidad de presentar recaidas (56). Por
todo ello, algunos autores han propuesto el desarrollo de abordajes especifi-
cos en funcion del perfil neuropsicolégico con el fin de ofrecer intervenciones
individualizadas que puedan mejorar la eficacia del tratamiento (57,58).
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1.2.3. Adiccion a la comida (Food Addiction)

1.2.3.1. Definicion y criterios diagnosticos

La obesidad es un problema de salud publica grave y extendido en sociedades
muy diversas en todo el mundo. El constante aumento de la prevalencia de
esta patologia a lo largo de las ultimas décadas ha hecho que se estudien las
razones por las que algunas personas consumen ciertos alimentos en exceso
de forma crénica y son incapaces de limitar su ingesta pese al desarrollo de
consecuencias negativas evidentes.

Cada vez existe una mayor evidencia clinica y neurobiolégica que demuestra
gue, en sujetos vulnerables, la sobrealimentacién persistente puede condu-
cir a un patrén de comportamiento compulsivo similar al de los TUS y otros
trastornos adictivos. Este hecho condujo a la formulacién del constructo de
adiccion ala comida o, por sunombre en inglés, Food Addiction (FA). Pese a no
estar actualmente reconocido como diagndstico en las principales clasificacio-
nes internacionales, su estudio ha ido cobrando mayor interés por parte de la
comunidad cientifica durante los Gltimos afos, centrandose principalmente en
aspectos neurobiolégicos y fenomenologicos de esta entidad (59).

La definicidon de este trastorno se hadesarrollado en base a conductas y expe-
riencias subjetivas relacionadas con el consumo de alimentos que se asemejan
aloscriterios del TUS (60). De estaforma, en 2009 se establecieron unos crite-
rios diagnosticosy se desarrollé uninstrumento, la Yale Food Addiction Scale, un
cuestionario autorreportado que consta de 35 items que adapta los criterios
diagndsticos de dependencia de sustancias del DSM IV-TR a la conducta ali-
mentaria o al abuso de algunos alimentos especificos (61). En los ultimos afios
este instrumento ha sido actualizado, surgiendo la Yale Food Addiction Scale
2.0 (YFAS 2.0) para ajustarse a los criterios diagndsticos de los TUS segun el
DSM-5 (62). Siguiendo este instrumento, el cumplimiento de dos o mas crite-
rios (de untotal de 11), unido a un deterioro funcional o malestar clinicamente
significativo, serian indicadores de FA.




Los items de la escala YFAS 2.0, traducida y validada al espaiol se detallan a
continuacion (63):

Tabla 2. Criterios evaluados en la escala YFAS 2.0
Consumo superior al previsto
Incapacidad para reducir el consumo
Pérdida de tiempo significativa
Renuncia a actividades importantes
Consumo a pesar de los efectos fisicos o emocionales negativos
Tolerancia
Abstinencia
Craving
Incumplimiento de obligaciones
Consumo a pesar de los efectos interpersonales negativos
Consumo en situaciones fisicamente peligrosas

Malestar o deterioro funcional
Nota. Elaboracién propia

Cabe senalar que no todos los alimentos tienen el mismo potencial adictivo.
Eneste sentido, laescala YFAS 2.0 se centraen evaluar laingesta de alimentos
con niveles elevados de carbohidratos refinados y/o grasas anadidas, como
golosinas o aperitivos salados (64). Este tipo de alimentos es el que se ha re-
lacionado de forma mas sélida con conductas indicadoras de una potencial
adiccion, como pueden ser un consumo excesivo o la pérdida de control sobre
el mismo (65-67).
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1.2.3.2. Epidemiologia

Meta-analisis recientes en los que se incluyeron hasta 281 estudios de 36 pai-
ses diferentes reportan una prevalencia poblacional de FA de 14% en adultos
y de 12% en poblacién infanto-juvenil (68,69).

En pacientes con obesidad que han sido intervenidos mediante cirugia baria-
trica los estudios apuntan una prevalencia de hasta el 32% (70) y, en el caso
deindividuos con trastorno por atracén, lacomorbilidad con FA se eleva hasta
el 50% (68). En este sentido, algunos autores han expresado su preocupacién
por el mencionado solapamiento diagndstico entre el trastorno por atracon,
un TCA caracterizado por episodios recurrentes de atracones en ausencia de
conductas compensatorias, y FA. En esta linea, un meta-andlisis reciente de-
muestra que, si bien la presencia de FA en pacientes con trastorno por atracén
es elevada, auin lo es mas en otros TCA como la BN, y también se observa en
sujetos sanos. Los autores el mencionado estudio defienden que dichos re-
sultados apoyan la idea de que se trata de entidades separadas, que reflejan
situaciones clinicas diferentes (71).

1.2.3.3. Aspectos neurobiolégicos

La conceptualizacién de la FA como un potencial trastorno adictivo no se justi-
ficaUnicamente por los aspectos clinicos comunes descritos previamente, sino
gue viene respaldada por evidencia en cuanto a mecanismos neurobiolégicos
compartidos entre situaciones de obesidad / consumo excesivo de alimentos
con los hallados en individuos con TUS u otras adicciones.

Actualmente los modelos mas extendidos en cuanto a la neurobiologia de la
adiccién defienden que durante la fase de intoxicacidon existe un aumento de
la transmision dopaminérgicay péptidos opioides que median la sensacion de
placer a nivel de nticleo accumbens y el estridado dorsal (72). En este sentido,
hay estudios que demuestran que dichos sistemas de senalizacién también
se activan en relacion a la ingesta de alimentos (72). En otras palabras, tanto
las sustancias de abuso como la comida activan el sistema de recompensa do-




paminérgico, aunque a través de mecanismos diferentes, y por ello en ambas
situaciones existe la posibilidad de que surja un proceso de condicionamiento a
través del cual, estimulos previamente neutros se asocien con estimulos gratifi-
cantesy acaben convirtiéndose en independientes de las conductas asociadas
alarecompensa,dando lugar a conductas propias de trastornos adictivos (73).

Como se hacomentado previamente, algunos alimentos, en concreto aquellos
ricos en carbohidratos refinados y/o grasas afadidas, habitual en productos
ultra-procesados, tienen un mayor potencial adictivo. A nivel neurobioldgico,
algunos autores defienden que esta realidad clinica se puede explicar por la
mayor capacidad de este conjunto de alimentos de provocar un aumento de
niveles de dopamina extracelular en el estriado ventral, similar al que se ob-
servaen el consumo de otras sustancias adictivas como la nicotinay el alcohol
(67,74-76).

Mas alla del contenido de los alimentos, se ha propuesto que la elevada ve-
locidad a la cual estos alimentos ultra-procesados hacen llegar los hidratos
de carbono y las grasas al sistema digestivo y al cerebro también puede ser
relevante para explicar su potencial adictivo (77). Ello viene justificado por la
experiencia en TUS, donde es conocido que las sustancias y vias de adminis-
tracién que afectan mas rapidamente al cerebro tienen una mayor capacidad
de provocar trastornos adictivos (78).

En esta linea de aspectos neurobiolégicos compartidos entre FA y TUS, nu-
merosos estudios de neuroimagen funcional y estructural han dilucidado
similitudes neurobiolégicas entre las adicciones a sustancias y la obesidad
(73). En comparacion con los individuos sanos, los sujetos con obesidad o TUS
muestran diferencias en regiones cerebrales implicadas en el sistema de re-
compensay en la atencién (79,80). En este sentido, trabajos previos revelan
gue una mayor respuesta a estimulos relacionados con alimentos en dichas re-
giones tiene capacidad predictiva de un futuro aumento de peso (81). Ademas,
estudios de neuroimagen funcional realizados en situacion de reposo muestran
diferencias de conectividad, principalmente entre regiones de recompensa
y areas prefrontales, entre personas con obesidad y sujetos sanos (82). Por
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ultimo, estudios con resonancia magnética estructural muestran reducciones
en los volumenes de materia gris y blanca en regiones cerebrales implicadas
en funciones ejecutivas y el control inhibitorio en estos individuos (83,84).

1.2.3.4. Comorbilidad con Trastorno de Juego

Dado que tanto FA como TJ son trastornos adictivos, el estudio de su comorbi-
lidad y aspectos clinicos y neurobiolégicos compartidos ha atraido la atencién
de diversos investigadores (85). Se han descrito caracteristicas comunes a am-
bas entidades, como dificultades para el control conductual y un deterioro en
funciones ejecutivas (86). Por otro lado, tanto en FA como en TJ se ha descrito
una mayor dificultad en la regulacién emocional, que, en algunos casos, podria
conducir a la sobreingesta alimentaria o la conducta de juego como forma de
paliar el malestar emocional (87). Ademas, como trastornos dentro del es-
pectro impulsivo-compulsivo, laimpulsividad se ha asociado con el desarrollo
y mantenimiento de ambas entidades, en los que es habitual observar una
incursion en las conductas problema (ya sea comer o jugar) de forma poco pre-
meditaday a pesar de la aparicidon de consecuencias negativas (como pueden
ser el aumento de peso o la pérdida de recursos econémicos) (88).

Sin embargo, pese a compartir aspectos comunes, también se han discreto
diferencias entre ambos trastornos. Por ejemplo, el TJ es mas frecuente en
hombres (89), mientras que FA lo es en mujeres (90). Se ha propuesto que las
mujeres podrian ser mas propensas a adoptar conductas adictivasy aingerir de
forma excesiva alimentos por motivaciones de refuerzo negativo que incluyen
el afrontamiento del estrés, la depresiony la ansiedad (91).

Aunque estas dos entidades clinicas han comenzado a estudiarse conjunta-
mente durante los Ultimos afos, las probables diferencias por sexo, los rasgos
de personalidad y la psicopatologia general apenas se han investigado en in-
dividuos con TJ con y sin FA. En un estudio previo, la comorbilidad entre FA
y TJ se relaciond con peores estados emocionales y psicolégicos. Ademas, el
sexo femeninoy tener una edad mas joven fueron los dos condicionantes mas
robustamente asociados a la coocurrencia de FA y TJ. En cuanto a los rasgos




de personalidad, puntuaciones elevadas en evitacion del dafio y autotrascen-
dencia, asi como puntuaciones inferiores en cooperatividad, se asociaron con
un mayor riesgo de presentar FA entre las personas con TJ. Sin embargo, los
autores no encontraron diferencias significativas en la edad de inicio, la du-
racién de los problemas de juego o el consumo de drogas, entre otros, entre
participantes con TJ y aquellos con FA comoérbida (85).

1.3. NEUROBIOLOGIA DEL ESPECTRO IMPULSIVO-COMPULSIVO

Como se ha comentado previamente, la propuesta de englobar distintos tras-
tornos dentro del espectro impulsivo-compulsivo nace, en parte, ante la evi-
dencia que respalda alteraciones a nivel neurobiolégicas comunes a entidades
comolos TCA, TUS, TJo TOC (8,92). El desarrollo de la neuroimagen funcional
y estructural de las ultimas décadas ha permitido profundizar en el estudio
de dichas alteraciones neurobiolégicas compartidas. Dentro de los diversos
sistemas y estructuras cerebrales explorados, uno ha emergido como foco de
mayor interés parala comunidad cientifica por su implicacién en procesos rela-
cionados con lacompulsividad y laimpulsividad, asi como por la evidencia de su
implicacion en este conjunto de trastornos: el sistema de recompensa cerebral.

1.3.1 Sistema de recompensa

El sistema de recompensa es el conjunto de estructuras cerebrales que se
encargan de reforzar positivamente, a través principalmente de vias de neu-
rotransmision dopaminérgicas y mediando la sensacién de placer, conductas
necesarias para la supervivencia en respuesta a determinados estimulos. Este
circuitoincluye estructuras como el drea tegmental ventral (principal implica-
daenlaproducciény transmision proyectada de dopamina), el estriado ventral
(lugar de proyeccion del area tegmental ventral) y otras zonas como el cortex
prefrontal ventromedial y el cértex orbitofrontal, que forman parte de las vias
mesocorticales.

El estriado ventral, concretamente el nicleo accumbens, contribuye de forma
importante al procesamiento de recompensa, activandose ante la anticipa-
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cién y recepcion de distintos tipos de estimulos. Ademas, también participa
en procesos de aprendizaje (en muchas ocasiones alterados en trastornos del
espectro impulsivo-compulsivo). En esta linea, multiples estudios de neuroi-
magen han mostrado alteraciones a nivel del estriado ventral en entidades
como adicciones comportamentales, TUS o TCA. Teniendo esto en cuenta, y
alaluz de los resultados de un interesante meta-analisis en el que se reporté
una disminucién relativa de la activacién del estriado ventral durante la anti-
cipacion alarecompensas tanto en TJ como en TUS (93), se ha sugerido que el
nivel de activacién del estriado ventral podria ser un biomarcador relevante
en diferentes trastornos del espectro impulsivo-compulsivo (9,94).

Elestriado proyecta aregiones del cortex prefrontal, en concreto al cortex pre-
frontal ventromedial, estructura clave en la toma de decisiones relacionadas
con la recompensa. Existe una robusta evidencia de la implicacién de altera-
ciones neuroanatémicas y funcionales de este circuito cerebral en trastornos
adictivos como el TJ. En este sentido, estudios de neuroimagen han demostra-
do una disminucion relativa de la actividad en circuitos frontoestriatales en
diversos escenarios (como durante la simulacion de juego o en la anticipacién
de larecompensa) en individuos con trastornos como el TUSy el TJ (95-97).

1.3.2 Sistema de regulacion del apetito

Diversos factores endocrinos han sido implicados en la respuesta cerebral a
la recompensay la gratificacion (98,99), incluidas ciertas hormonas gastricas
(por ejemplo, la grelina) y las adipocitoquinas (por ejemplo, la leptina y la adi-
ponectina) (100,101), clasicamente asociadas con la regulacion de la ingesta
de alimentos y el equilibrio energético (102). El mecanismo mediante el cual
dichos factores neuroendocrinos ejercen su efecto de modulacién sobre las
vias dopaminérgicas mesolimbicas y mesocorticales implicadas en el procesa-
miento de larecompensa es complejoy variado. Por ejemplo, estudios previos
sugieren que cambios en el estado nutricional modulan la actividad de las célu-
las dopaminérgicas del area tegmental ventral y la liberacién de dopamina de
estas células al nicleo accumbens. De esta forma, existe evidencia que apoya
una disminucién de la senalizacién dopaminérgica en situaciones de exposi-




cion crénica adietas ricas en grasas y un aumento de la misma en situacion de
restriccion alimentaria (103,104). A continuacion, se detallan individualmente
las hormonas reguladoras del apetito analizadas en los estudios que componen
el presente trabajo.

1.3.2.1 Leptina

Descubiertaen 1994, laleptina es una hormona peptidicade 167 aminoacidos
derivada principalmente por los adipocitos, que actiia como un importante
regulador de laingesta de alimentos y lahomeostasis energética. Otros tejidos,
como las células endocrinas del sistema gastrointestinal, misculo e hipotdlamo
también expresan leptina y sus concentraciones plasmaticas estan altamente
correlacionadas con el indice de masa corporal (IMC) tanto en humanos como
enmodelos animales (105). Su funcién principal es la de reducir laingesta ener-
gética suprimiendo el apetito en situaciones en los que el balance energético
del organismo asilo requiere. La leptina atraviesa la barrera hematoencefdlica
por medio de transporte saturado y produce su efecto central a través de la
activacién de receptores en a nivel hipotaldmico, principalmente en su nicleo
arqueado. La leptina ejerce su accién anorexigénica por un lado a través de la
inhibicién de la liberacion de neuropeptido Y (NPY), y, por otro, estimulando
la secrecion de melanocortina, con accién catabdlicay anorexigena (106).

En condiciones fisiolégicas existe una relacién entre la cantidad de tejido adi-
poso del individuo y la produccion de leptina, por lo que sus concentraciones
plasmaticas se correlacionan con el IMC, siendo mas elevadas en mujeres que
enhombres (106). Sin embargo, se ha observado que en situaciéon de sobrepeso
existe una elevacién significativa de los niveles de leptina, lo que ha llevado a
describir el fendmeno de resistencia ala leptina (107). Este escenario implica-
ria una disfuncion en la sefalizacion de leptina, que podria ocurrir a través de
diversos mecanismos moleculares, y que implicaria una incapacidad de dicha
hormona para ejercer su funcion fisioldgica a través de la activacion de sus
receptores hipotaldmicos y una consecuente elevacion de sus concentraciones
plasmaticas (108).
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Dado que la leptina regula el sistema de recompensa en el cerebro mediante
la supresion de la actividad neural posprandial, se ha estudiado en relacién a
la impulsividad y en trastornos adictivos (109,110). En estudios previos, con-
centraciones plasmaticas de leptina se han correlacionado inversamente con
la gravedad del consumo de sustancias (111), llegandose a proponer como
un posible biomarcador en los TUS relacionados con el alcohol y la cocaina
(101,112). Sin embargo, los estudios sobre su papel en el consumo de alcohol
muestran resultados algo inconsistentes, ya que también hay estudios que des-
criben concentraciones de leptina mas elevadas en individuos con trastorno
por consumo de alcohol que en controles sanos, asociandose positivamente
con laingesta de alcohol (113).

1.3.2.2 Adiponectina

Se trata de una adipocitoquina descubierta en 1995, compuesta por 244
aminodacidos, secretada por los adipocitos y que, al igual que la leptina, regula
el metabolismo energético del organismo. Actla a través de la estimulacion
de la oxidacién de acidos grasos, reduce los triglicéridos plasmaticos y me-
jora el metabolismo de la glucosa mediante un aumento de la sensibilidad a
lainsulina (114). Multiples estudios demuestran que tanto la obesidad como
la resistencia a la insulina se relacionan con concentraciones plasmaticas de
adiponectinareducidas. Es por ello que esta hormona ha atraido la atencién de
lacomunidad cientifica desde su descubrimiento, principalmente por su papel
como biomarcador de enfermedad metabdlica (114,115).

A pesar de que hay menos estudios relacionados con la adiponectinay las adic-
ciones, se han descrito concentraciones séricas disminuidas en la obesidad
cony sin trastornos alimentarios y en el trastorno por consumo de opiaceos
(116,117). La adiponectina también se ha propuesto como biomarcador del
craving, al igual que la grelina, en el trastorno por consumo de alcohol (118).




1.3.2.3 Grelina

La grelina es una hormona peptidica de 28 aminoacidos identificada en
1999 como el ligando endégeno del receptor secretagogo de la hormona de
crecimiento (GHS-R1a). Tiene la funcion de estimular el apetito, que ejerce
aumentado la liberacion de péptidos orexigénicos como el NPY en el nicleo
arqueado del hipotdlamo (108,119). Presenta unarelaciéninversa con el IMC
y es secretada principalmente por células endocrinas del estémago, si bien
también se produce, aunque en menor cantidad, en tejido intestinal, hip&fisis,
placentay pancreas. Las concentraciones plasmaticas de grelinavarian en fun-
ciondel estado energético del organismo, se elevan en situacion de ayunoy se
reducen en la etapa posprandial (119). Ademas de su funcion estimulante del
apetito, tiene otras muchas funciones como la regulacién del sistema cardio-
vascular modulando la biodisponibilidad de éxido nitrico a nivel endotelial, asi
como efectos antiinflamatorios que ejerce a través de la inhibicién de células
T cooperadoras tipo 1y la secrecidon de citoquinas proinflamatorias como la
interleuquina 6 (108,120,121).

Sin embargo, su efecto mas relevante para el presente trabajo es su papel en
procesos psicoldgicos vinculados con el procesamiento de larecompensa, por
su accion sobre el sistema dopaminérgico en el areategmental ventral, donde
GHS-R1ase encuentra ampliamente distribuido, estimulando la liberacién de
dopamina(120,122). La grelina se hadescrito como un reforzador neural hedé-
nico tanto para recompensas naturales (por ejemplo, la comida) como para no
naturales (por ejemplo, sustancias de abuso) por su interaccién con la dopami-
naen el circuito mesolimbico y otras vias neuroendocrinas (p. €j., relacionadas
con el estrés, el apetito y el procesamiento metabdlico) (123). Esta hormona
se ha estudiado en diferentes trastornos del espectro impulsivo-compulsivo,
como el trastorno por atracon (124) asi como en trastornos adictivos (125),
especialmente en relacion con el consumo de alcohol (126,127). En este sen-
tido, se hadescrito un aumento de la sefalizacién de grelinaen los TUS, que se
correlaciona positivamente con el deseo de consumo, la abstinenciay las recai-
das (127). Ademas, existe evidencia que apoya laidea de que la administracion
exoégena de grelina aumenta el craving y el consumo de sustancias (128),y que
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laadministracién exdgena de antagonistas de receptores de grelina producen
el efecto contrario (129). Por ultimo, alteraciones genéticas relacionadas con
el sistema de la grelina, como polimorfismos de su receptor, se han asociado
con comportamientos de busqueda de recompensa y consumo (130).

1.3.2.4 LEAP-2

Se trata de un antagonista de la funcién de la grelina descrito recientemen-
te, denominado péptido antimicrobiano hepatico enriquecido 2 (LEAP-2)
(131,132). Durante muchos anos la grelina fue el Unico ligando endégeno co-
nocido de GHS-R1a, hastaque 2018 Ge y colaboradores describieron LEAP-2y
demostraron que ejercia unafuncién de antagonismo de dicho receptor (131).
De esta forma, actualmente se considera que la actividad de GHS-R1a esta
controlada por dos ligandos endégenos reguladores que ejercen funciones
opuestas: la grelina (funcion activadora) y LEAP-2 (inhibidora). En cuanto a
sus funciones biolégicas, poco tiempo después se demostro que las concentra-
ciones plasmaticas de LEAP-2 fluctuaban de forma opuesta a las de la grelina
en funcién del estado metabdlico, y que se correlacionaba positivamente con
el IMC (133). Desde dicho hallazgo este nuevo factor neuroendocrino se ha
considerado como una sefnal reguladora de la homeostasis energéticay se ha
propuesto que pueda jugar un papel como supresor del apetito. Es por ello
gue ha despertado el interés de diversos autores durante los ultimos anos,
especialmente por ser una posible diana terapéutica en el tratamiento de la
obesidad (134). Sin embargo, alin es pronto para ponderar su posible efecto
en esta patologia, y su uso farmacolégico podria encontrarse con obstaculos
como los potenciales efectos adversos de inhibir la secrecion de GH.

Cabe senalar que si bien existe poca evidencia al respecto, a nivel neuropsico-
l6gico se harelacionado con laimpulsividad y con el funcionamiento cognitivo
(135), y es por ello que podria contribuir a disrupciones neurobioldgicas rela-
cionadas con la patogeniade las adicciones, especialmente teniendo en cuenta
su interaccién con la senalizacion de la grelina.




1.3.3 Alteraciones neuroendocrinas en Trastorno de Juego

La evidencia sobre la implicacidon de factores endocrinos en adicciones a sus-
tancias ha impulsado algunos estudios en el campo de las adicciones compor-
tamentales en los ultimos anos. En TJ, un estudio de Sztainert y colaboradores
sugiere que la grelina puede predecir el deseo de jugar y la persistencia en el
juego (136). Un unico estudio que explord las concentraciones de leptina en
TJ no encontré diferencias significativas en comparacioén con las de controles
sanos (137). Hasta lafecha no se han publicado estudios que analicen el papel
de la adiponectina ni LEAP-2 en adicciones comportamentales. Queda patente,
antelaescasaevidenciaen cuantoalaimplicacién de factores neuroendocrinos
en adicciones conductuales como el TJ, que es necesario intensificar la investi-
gacién en este dmbito, para profundizar en posibles procesos etiopatogénicos
y eventualmente abordar la posibilidad de identificar dianas terapéuticas y
marcadores bioldgicos de estos trastornos.

1.3.4 Alteraciones neuroendocrinas en Food Addiction

Encuanto alos correlatos neurobiolégicos de FA, estudios previos han explora-
do posibles alteraciones endocrinas en la patogénesis de este trastorno (138).
Por su funcién reguladora del apetito, se ha propuesto que tanto la grelina
como la leptina podrian desempenar un papel importante en FA (139).

Por un lado, la sefalizacion de grelina se ha descrito como un regulador clave
de laobesidad, y las concentraciones mas altas se han asociado con un mayor
deseoy consumo de alimentos (140). Sin embargo, y a pesar de que hasta la fe-
chaexisten pocos estudios que hayan analizado especificamente la asociacién
entre FAy grelina, la mayoriade ellos reportan resultados negativos (141,142).

Por otro, se ha planteado la hipétesis de que las concentraciones mas altas
de leptina en ayunas pueden subyacer a la ingesta excesiva de alimentos y
desembocar en conductas compatibles con FA (143). En esta linea, FA se ha
asociado con menores concentraciones de leptina en adolescentes con normo-
peso,y con concentraciones superiores de leptina en individuos con sobrepeso
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(144). Los autores de este ultimo estudio plantearon la hipétesis de que la
asociacion negativa entre las concentraciones de leptina y FA en condicio-
nes de normopeso podria explicarse por una mayor sensacién de hambre y
una mayor propension a comer en exceso en estos individuos, lo que podria
haber llevado a una mayor gravedad de FA. En individuos con sobrepeso, las
altas concentraciones circulantes de leptina pueden reflejar una situacion de
resistencia a la leptina, en la que el fracaso de la supresion de la ingesta de
alimentos inducida por leptina puede conducir al desarrollo de conductas de
alimentacion compulsiva, compatibles con la definicion de FA (116,144).

Es muy interesante resaltar que un estudio reciente aborda por primera vez,
hastalafecha, el andlisis de la asociacion de concentraciones plasmaticas tanto
de leptina como de grelina con la presencia de FA, en una muestra amplia de
mas de 9200 individuos. Los resultados concuerdan con la evidencia previa 'y
sugieren un aumento de niveles de leptina y una ausencia de diferencias en
cuanto a concentraciones de grelina, en los sujetos con FA (145).

1.4. Fundamentacion de los estudios realizados

Los trastornos del espectro impulsivo-compulsivo, y en concreto las adicciones,
son trastornos complejos en cuyo desarrollo y mantenimiento interaccionan
factores psicosociales de distinta naturaleza con aspectos de vulnerabilidad
neurobioldgica. Pese alos grandes esfuerzos realizados a nivel de investigacién
translacional, hasta la fecha no disponemos de biomarcadores utiles paraiden-
tificar, en la practica clinica habitual, aquellos individuos con una mayor pre-
disposicion adesarrollar el trastorno. Es por ello que profundizar en el estudio
de aspectos neurobiolégicos relacionados con estos trastornos, y en concreto
conel TJyFA, supone un reto imprescindible de cara a conocer mejor sus bases
biolégicas y avanzar hacia el desarrollo de biomarcadores y potenciales dianas
terapéuticas que puedan tener un impacto en estos pacientes.

En este contexto y en base a la evidencia disponible en la actualidad, queda
patente que la interaccion de factores neuroendocrinos relacionados con la
regulacion del apetito con el sistema de recompensa cerebral juega un papel en




algunos trastornos adictivos como los TUS, si bien suimplicacién en adicciones
conductuales como el TJ u otros constructos como FA no estd plenamente
contrastada. Ademas, la posible implicacién de dicha interaccion en el desa-
rrollo de aspectos clinicos y neuropsicolégicos es desconocida. Teniendo esto
en cuenta, la principal motivacion del presente trabajo es la de avanzar en el
conocimiento sobre la posible implicacion de alteraciones neuroendocrinas
en relacion a hormonas reguladoras del apetito y su interaccién con variables
clinicasy neuropsicolégicas en el TJ, asi como analizar lacomorbilidad de dicho
trastorno con FA, tanto a nivel clinico como neurobioldgico.
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HIPOTESIS _____

. Existiran diferencias significativas en las concentraciones plasmaticas de
hormonas reguladoras del apetito entre pacientes con trastorno de juego
y sujetos sanos. (Estudio 1)

. Los pacientes con TJ presentaran una mayor psicopatologia, un peor ren-
dimiento neuropsicolégico y un perfil de personalidad mas disfuncional
en comparacion con sujetos sanos. (Estudio 1)

. Las caracteristicas clinicas y neuropsicoldgicas diferenciales de los indivi-
duos con TJ, en comparacion con sujetos sanos, estaran relacionadas con
las alteraciones endocrinas. (Estudio 1)

. Los pacientes con TJ y FA presentaran diferencias significativas en las
concentraciones plasmaticas de hormonas reguladoras del apetito en
comparacion con los que no presenten FA. (Estudio 2)

. Los niveles de las hormonas alterados en los pacientes con TJ y FA corre-
lacionaran con un peor rendimiento cognitivo y con medidas de impulsi-
vidad. (Estudio 2)

. Lapresenciade FA, entre los pacientes con TJ, se asociard a un peor perfil
clinico, mayor psicopatologiay mayor gravedad del trastorno. (Estudio 3)

. Existird una mayor frecuencia de FA entre las mujeres (frente a los hom-
bres) con TJ. (Estudio 3)
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. Explorary comparar las concentraciones plasmaticas de hormonas regula-
doras del apetito (leptina, grelina, adiponectinay LEAP-2) entre pacientes
con trastorno de juego y sujetos sanos. (Estudio 1)

. Analizar las correlaciones entre factores endocrinos y aspectos neurop-
sicolégicos y clinicos en trastorno de juego. (Estudio 1)

. Explorar la existencia de diferencias en las concentraciones plasmaticas
de las hormonas implicadas en la regulacion del apetito (grelina, LEAP-2,
adiponectina y leptina), en una muestra de pacientes diagnosticados de
TJ cony sin FA. (Estudio 2)

. Explorar las correlaciones entre los niveles de las hormonas implicadas
en TJ y FAy las variables clinicas y psicolégicas en el subgrupo con FA.
(Estudio 2)

. Evaluar los correlatos clinicos de FA en pacientes con TJ, teniendo en
cuenta rasgos de personalidad, el estado psicolégico o el consumo de
sustancias y en funcion del sexo. (Estudio 3)
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4.1. Estudio 1

Titulo del articulo: ;Estan relacionadas las sefales que regulan la homeostasis
energética con las caracteristicas neuropsicolégicas y clinicas del trastorno de
juego? Un estudio caso-control.

Resumen:

Introduccion: El trastorno de juego (TJ) es una enfermedad grave y de preva-
lencia moderada cuya neurobiologia atin no se conoce por completo. A pesar
de que se han estudiado posibles alteraciones de las sefiales implicadas en la
homeostasis energética en trastornos por consumo de sustancias, aiin no se
han examinado en detalle en el TJ.

Objetivos: Los objetivos del presente estudio fueron comparar diferentes fac-
tores endocrinos y neuropsicolégicos entre individuos con TJ y controles sanos
(CS) y explorar las interacciones endocrinas con variables neuropsicologicas
y clinicas.

Métodos: Se llevo a cabo un estudio con disefio de casos y controles en 297
individuos con TJ y 41 individuos sin TJ (controles sanos; CS). Los participan-
tes fueron evaluados mediante una entrevista clinica semiestructuraday una
bateria psicométrica. Parala evaluacién de variables endocrinas y antropomé-
tricas, se anadieron 38 CS a los 41 evaluados inicialmente.

Resultados: Los individuos con TJ presentaron mayores concentraciones plas-
maticas de grelinaen ayunas (p < 0,001) y menores concentraciones de LEAP-2
y adiponectina (p < 0,001) que los CS, tras ajustar por el indice de masa corporal
(IMC). El grupo con TJ presenté un rendimiento neuropsicolégico mas bajo en
relacion a la flexibilidad cognitiva y la toma de decisiones, asi como un peor
estado psicolégico, mayores niveles de impulsividad y un perfil de personalidad
mas disfuncional. A pesar de no encontrar asociaciones significativas entre los



factores endocrinos y aspectos neuropsicolégicos o clinicos en el grupo de TJ,
algunas dimensiones cognitivas deterioradas (la prueba de vocabulario WAIS
y los errores perseverativos WCST) y las concentraciones mas bajas de LEAP-2
predijeron estadisticamente la presencia de TJ.

Discusion: Los hallazgos del presente estudio sugieren que disfunciones neu-
ropsicolégicas y endocrinas concretas pueden jugar un papel enindividuos con
TJ, asi como predecir la presencia de TJ. En este contexto, parece justificada
una mayor exploracién de las vias de vulnerabilidad endofenotipica en TJ, es-
pecialmente por su potencial implicacién a nivel etiopatogénico y terapéutico.
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Abstract: Gambling disorder (GD) is a modestly prevalent and severe condition for which neurobi-
ology is not yet fully understood. Although alterations in signals involved in energy homeostasis
have been studied in substance use disorders, they have yet to be examined in detail in GD. The aims
of the present study were to compare different endocrine and neuropsychological factors between
individuals with GD and healthy controls (HC) and to explore endocrine interactions with neu-
ropsychological and clinical variables. A case-control design was performed in 297 individuals with
GD and 41 individuals without (healthy controls; HCs), assessed through a semi-structured clinical
interview and a psychometric battery. For the evaluation of endocrine and anthropometric variables,
38 HCs were added to the 41 HCs initially evaluated. Individuals with GD presented higher fasting
plasma ghrelin (p < 0.001) and lower LEAP2 and adiponectin concentrations (p < 0.001) than HCs,
after adjusting for body mass index (BMI). The GD group reported higher cognitive impairment
regarding cognitive flexibility and decision-making strategies, a worse psychological state, higher
impulsivity levels, and a more dysfunctional personality profile. Despite failing to find significant
associations between endocrine factors and either neuropsychological or clinical aspects in the GD
group, some impaired cognitive dimensions (i.e., WAIS Vocabulary test and WCST Perseverative
errors) and lower LEAP2 concentrations statistically predicted GD presence. The findings from the
present study suggest that distinctive neuropsychological and endocrine dysfunctions may operate in
individuals with GD and predict GD presence. Further exploration of endophenotypic vulnerability
pathways in GD appear warranted, especially with respect to etiological and therapeutic potentials.
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1. Introduction

Gambling disorder (GD) has been classified as a behavioral addiction (BA) in the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) [1], being
characterized by recurrent maladaptive gambling behavior, leading to negative conse-
quences in one or more areas of life functioning [2]. Diagnostic criteria include the need to
gamble with increasing amounts of money (i.e., tolerance), the tendency to chase losses, irri-
tability when attempting to stop the behavior (i.e., abstinence), the presence of unsuccessful
efforts to control gambling behavior, a predominance of thoughts focused on the gambling
behavior, the presence of lies or the loss of a significant relationship or job/educational
opportunity because of gambling, and the propensity to gamble when feeling distressed
or to rely on others to provide money to relieve desperate financial situations caused by
gambling [1]. From an etiological perspective, neuroimaging, genetic, and biochemical
studies have suggested shared vulnerability factors between addictive-related disorders,
such as GD and substance use disorders (SUDs) [3,4]. For instance, dysfunctional neurobio-
logical pathways involved in reward processing [5], which may underlie impulsive and
compulsive tendencies, have been described [6].

Several endocrine factors have been implicated in brain responses to rewards and
gratification [7,8] including gut hormones (e.g., ghrelin) and adipocytokines (e.g., leptin
and adiponectin) [9,10], classically associated with food intake regulation and energy bal-
ance [11]. Despite its stimulating appetite role, ghrelin has been described as a hedonic
neural reinforcer for natural (e.g., food) and non-natural rewards (e.g., drugs) by its in-
teraction with dopamine signaling in the mesolimbic circuit and other neuroendocrine
pathways (e.g., linked to stress, appetite, and metabolic processing) [12]. Ghrelin has been
extensively studied in different addictive-related disorders, such as binge eating disorder
(BED) and obesity [13,14], as well as in SUDs [15], especially involving alcohol [16,17].

Noticeably, ghrelin up-regulation has been described in SUDs, which positively cor-
relates with craving, abstinence, and relapse [17-19]. Accordingly, exogenous ghrelin
administration increases craving and drug consumption [9], contrary to ghrelin antago-
nists [20,21]. An antagonist of ghrelin named liver enriched antimicrobial peptide 2 (LEAP2)
has been recently described [22,23]. It has been related to impulsivity and cognitive func-
tioning [24] and may contribute to addictions due to its interplay with ghrelin. Furthermore,
genetic alterations related to the ghrelin system, such as receptor polymorphisms, have
been associated with reward-seeking behaviors and consumption [25], which together
may have potential therapeutic implications [26,27]. In GD, a study by Sztainert et al. [28]
suggests ghrelin as a potential predictor of gambling craving and persistence.

Adipocytokines have also been studied in relation to impulsivity [29] and addiction [30,31].
As in the case of regulation of food intake, opposite effects on craving and abstinence have
been attributed to leptin compared with ghrelin [32]. Leptin concentrations have been inversely
correlated with consumption severity [33], being proposed as a possible biomarker in SUDs
involving alcohol and cocaine [10,34]. However, studies regarding alcohol consumption have
shown inconsistent results [30], even describing higher leptin concentrations in individuals with
alcohol use disorder than in HCs, positively associated with alcohol intake [30,34]. A single study
exploring leptin concentrations in GD did not find significant differences compared with those
in HCs [35]. Despite there are fewer studies related to adiponectin and addictions, decreased
serum concentrations have been reported in obesity with and without eating disorders and in
opioid use disorder [14,36]. Adiponectin has also been proposed as a biomarker of craving, like
ghrelin, in alcohol use disorder [37]. Similar to other addictive-related disorders, these endocrine
substrates represent potential candidates involved in the pathogenesis of BAs, such as GD [35].
However, this area remains underexplored in GD, and further research is needed.
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Other neurobiological features linked to addictive-related disorders include impaired
neuropsychological processes not only regarding executive functions, such as response
inhibition, self-regulation, decision-making, cognitive flexibility, and planning but also
working memory [38-42]. These cognitive functions have been described as core symptoms
in BAs [39] and are especially related to impulse control [41]. More severe neuropsycho-
logical impairment has been described among older patients with GD and preferences
for non-strategic gambling [41,43,44]. Neuropsychological impairment has statistically
predicted poorer treatment outcome, with more frequent dropout and relapse [41,45].

Beyond neuropsychological factors, other psychological and clinical features have
been implicated in the development of addictive disorders [46]. In GD, for example, cer-
tain personality traits such as high levels of novelty-seeking (related to impulsivity) and
harm avoidance, especially in women [46,47], together with low self-directedness have
been linked to both GD and SUDs [48,49]. Difficulties in emotion regulation and poorer
psychological states have been linked to GD [50], particularly in women and older individ-
uals with non-strategic gambling [43,44]. A more dysfunctional psychological profile has
been associated with greater neuropsychological impairment [41,43,44]. However, studies
have largely not explored relationships between different neurobiological features (i.e.,
endocrine, and neuropsychological factors) and psychological and clinical variables.

To the best of our knowledge, this is the first study that explores the roles of multiple
specific signals implicated in addiction and energy homeostasis, meaning food intake and
energy expenditure, and clinical and psychological measures among a clinical population
with GD. We aimed to explore and compare plasma concentrations of specific metabolic
hormones (i.e., leptin, ghrelin, adiponectin, and LEAP2) between patients with GD and
HCs. As a second aim, we analyzed correlations between the mentioned endocrine factors
and neuropsychological and clinical features. In line with previous literature in addictive
disorders, we hypothesized the existence of significant differences in plasma hormonal
concentrations between the GD and HC groups. We also hypothesized poorer cognitive
functioning, worse psychopathological state, and a more dysfunctional personality pro-
file among individuals with GD. These features were also hypothesized to be related to
endocrine alterations, including being able to statistically predict GD presence.

2. Materials and Methods
2.1. Participants

The sample consisted of n = 297 treatment-seeking adult outpatients with GD (93.6%
males) with a mean age of 39.58 years (SD = 14.16), voluntarily recruited at the Behavioral
Addictions Unit-Psychiatry Department of Bellvitge University Hospital (Barcelona, Spain).
As inclusion criteria, all the patients had a diagnosis of GD according to DSM-5 criteria [1].
The HC group was composed by 41 individuals without GD (90.2% males), with a mean age
of 49.27 years (SD = 15.23) and was recruited via advertisement from the same catchment
area. Regarding anthropometric and endocrine variables, 79 HCs were evaluated by adding
to the initial sample 38 healthy adults from CIMUS, University of Santiago de Compostela
(Santiago de Compostela, Spain). General exclusion criteria for all participants were the
presence of an organic mental disorder, an intellectual disability, a neurodegenerative
disorder (such as Parkinson’s disease) or an active psychotic disorder. Recruitment of
participants occurred from April 2018 to September 2021, and the evaluation of individuals
with GD took place before starting treatment at the Behavioral Addictions Unit-Psychiatry
Department of Bellvitge University Hospital (Barcelona, Spain).

Supplementary Materials Table S1 contains the complete description for the partici-
pants in the study.

2.2. Measures
2.2.1. Hormonal Assays

Endocrine variables were quantified from peripheral blood sample extraction by
venous aspiration with ethylenediamine tetraacetic acid (EDTA; 25 mM final concentration),
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all samples were collected at 9 am, after at least 8 h of fasting. The blood was centrifuged at
1700 g in a refrigerated centrifuge (4 °C) for 20 min. Plasma was immediately separated
from serum and stored at —80 °C until analysis. Parameter determinations were conducted
using commercial kits according to the manufacturer’s instructions and in a single analysis
to reduce inter-assay variability. The quantitative measurement of LEAP-2 in plasma
was performed using a commercial enzyme-linked immunosorbent assay (ELISA) kit
(Human LEAP-2 [37-76] ELISA kit, Phoenix Pharmaceuticals, Inc., Burlingame, CA, USA),
previously validated [51,52]. Intra-assay and inter-assay variation coefficients were <10%
and <15%, respectively. The assay sensitivity limit was 0.15 ng/mL. Total ghrelin (pg/mL)
was measured by ELISA kit (Invitrogen-Thermo Fisher Scientific, Madrid, Spain) for
detection of human ghrelin, with a specificity of 100%. Intra-assay variation coefficient was
<6% and inter-assay <8.5%. The assay sensitivity limit was 11.8 pg/mL [53]. Adiponectin
(ng/mL) and leptin (ng/mL) plasma measurements were performed using a solid-phase
sandwich ELISA kit (Invitrogen-Thermo Fisher Scientific, Madrid, Spain) with a specificity
of 100%. Intra-assay and inter-assay variation coefficients were <4% and <5%, respectively,
and assay sensitivity limit was 100 pg/mL for adiponectin and <3.5 pg/mL for leptin.
The absorbance from each sample was measured in duplicate using a spectrophotometric
microplate reader at a wavelength of 450 nm (Epoch 2 microplate reader, Biotek Instruments,
Inc., Winooski, VT, USA).

2.2.2. Neuropsychological Variables

Iowa Gambling Task (IGT) [54]. A computerized task to evaluate decision-making,
risk, reward, and punishment value. The participant must select 100 cards from four decks
(i.e., A, B, C, and D), and after each card selection, an output is given either a gain or a
loss of money. The participant is instructed that the aim of the task is to win as much
money as possible. This test is scored by subtracting the number of cards selected from
decks A and B from the number of cards selected from decks C and D. While decks A and
B are not advantageous as the final loss is higher than the final gain, decks C and D are
advantageous since the punishments are smaller. Higher scores point to better performance,
while negative scores point to persistently choosing disadvantageous decks.

Wisconsin Card Sorting Test (WCST) [55] is a task for assessing cognitive flexibility
and inhibitory control, composed of four stimulus cards and 128 response cards showing
different shapes, colors, and numbers of figures in each one. The participant must match
response cards with the stimulus cards in a way that it seems justifiable before receiving the
feedback (i.e., correct, or incorrect). After ten sequential correct answers the categorization
criteria changes. The number of complete categories, percentage of perseverative errors,
and percentage of non-perseverative errors are recorded.

Stroop Color and Word Test (SCWT) [56] consists of three different lists, beginning
with a word list containing the names of colors printed in black ink; then, a color list that
comprises letter “X” printed in color; and, finally, a color-word list constituted of names of
colors in a color ink that does not match the written name. Three final scores are obtained
based on the number of items that the participant can read on naming on each list in
45 s. It assesses the ability to inhibit cognitive interference, which occurs when the pro-
cessing of a stimulus feature affects the simultaneous processing of another attribute of the
same stimulus.

Trail Making Test (TMT) [57] consists of 25 circles spread out over two sheets of paper
(Parts A and B). The participant is told to connect these circles drawing a line between
consecutive numbers (part A) and alternating numbers and letters following a sequential
order (part B). The task assesses visual conceptual and visual-motor tracking, entailing
motor speed, attention, and the capacity to alternate between cognitive categories (set-
shifting). Each part is scored according to the spent time to complete the task.

Digits backward task of the Wechsler Memory Scale-Third Edition (WMS-III) [58]
consists of two lists of digits presented verbally by the examiner. The participant is asked
to repeat the digits in the same order (first list) and in reverse order (second list). It assesses
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verbal working memory due to internal manipulation of mnemonic representations of
verbal information that is required in the absence of external cues.

Vocabulary subtest of the Wechsler Adult Intelligence Scale, 3rd ed. (WAIS-III) [59]
requires defining words of increasing difficulty orally presented, to assess the vocabulary
expression and to estimate intellectual capacity [60].

2.2.3. Clinical Variables

South Oaks Gambling Screen (SOGS) [61], Spanish validation [62], is a 20-item instru-
ment for screening past-year gambling problems and related negative consequences. The
total score is a measure of problem-gambling severity, with a score of five or more sugges-
tive of “probable pathological gambling”. Its internal consistency in the study sample was
Cronbach’s alpha («) = 0.735.

Diagnostic Questionnaire for Pathological Gambling According to DSM criteria [63],
Spanish validation [64], is a self-report questionnaire with 19 items coded in a binary fashion
(yes-no), used for diagnosing GD according to the DSM-IV-TR and DSM-5 criteria [1]. Its
internal consistency in the study sample was « = 0.796.

Symptom Checklist-90-Revised (SCL-90-R) [65], Spanish validation [66], is a 90-item
self-report questionnaire measured on an ordinal 3-point scale, evaluating a broad range
of psychological problems and psychopathology, based on nine primary symptomatic
dimensions (Somatization, Obsession-Compulsion, Interpersonal Sensitivity, Depression,
Anxiety, Hostility, Phobic Anxiety, Paranoid Ideation, and Psychoticism). It includes three
global indices (global severity index, positive symptom distress index, and total positive
symptom). The internal consistency in the study was & = 0.979.

Temperament and Character Inventory-Revised (TCI-R) [67], Spanish validation [68],
is a questionnaire with 240-items scored on a 5-point Likert scale, measuring personality
derived from three character dimensions (Self-Directedness, Cooperativeness, and Self-
Transcendence) and four temperament dimensions (Harm Avoidance, Novelty Seeking,
Reward Dependence, and Persistence). It is used only for research purposes in a public
non-profit hospital, in its Spanish adaptation in which the original author participated [68].
The internal consistency in the study was between « = 0.702 (Novelty Seeking) and
« = 0.876 (Persistence).

Impulsive Behavior Scale (UPPS-P) [69], Spanish validation [70], measures five facets
of impulsive behavior through self-report on 59 items: negative urgency; positive urgency;
lack of premeditation; lack of perseverance; and sensation-seeking. The internal consistency
in the study was between « = 0.799 (lack of perseverance) and « = 0.928 (positive urgency).

2.2.4. Other Variables

Additional data (e.g., socio-demographic, socio-economic, anthropometric variables,
and GD-related characteristics) were collected in a semi-structured face-to-face clinical
interview as described elsewhere [71].

2.3. Procedure

All patients and HCs from the same catchment area were evaluated at the Behavioral
Addictions Unit-Psychiatry Department of Bellvitge University Hospital (Barcelona, Spain),
by an expert multidisciplinary team in the field of GD. In the first session, a comprehensive
semi-structured clinical interview was conducted, in which all aspects related to gam-
bling behavior were assessed. During the second session, the extraction of blood samples
occurred. Samples were analyzed in CIMUS, University of Santiago de Compostela (Santi-
ago de Compostela, Spain), where 38 out of 79 HCs were evaluated regarding endocrine
and anthropometric measures. The neuropsychological assessment was performed in a
third session.
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2.4. Statistical Analysis

The statistical analysis was conducted with Statal7 for Windows [72]. Comparison
between groups (GD versus HC) were made by Analysis of Covariance (ANCOVA), ad-
justing for sex, age, and body mass index (BMI) for endocrine variables, and adjusting for
sex, age, and education level for neuropsychological variables. The effect size for the mean
comparisons was obtained with the standardized Cohen’s-d, considering moderate-mild
effect values 0.50 < 1d | < 0.80 and high-large effect values |d| > 0.80 [73].

Associations between endocrine and neuropsychological and clinical variables were
estimated with partial correlation coefficients, adjusting for sex, age, and BMI (associations
with the neuropsychological tasks also included adjustment for the education level). Due
to strong associations between the null-significance test for the correlation models given
the sample sizes (low correlations achieve significance in large samples, and vice versa), in
this study mild-moderate correlation was considered for values |R| > 0.24 and high-large
correlation for values IR| > 0.37 [74].

A predictive model was obtained to select the variables with discriminative capacity
to identify the presence of GD, through logistic regression. The criterion for the modeling
was the diagnosis of GD (presence/absence), and potential predictors included sociode-
mographic measures, global psychopathological distress, impulsivity levels, personality
features, and neuropsychological and endocrine measures. A stepwise selection method
was used to automatically select significant contributors. Sex, age, and BMI were included
as adjustment/covariables. The goodness-of-fit was measured with the Hosmer-Lemeshow
test, the overall predictive capacity with the Cox-Snell’s pseudo-R2, and the overall dis-
criminative capacity with the area under the Receiver Operating Curve (ROC).

In this study, the increase in the Type-I error due to the performance of multiple
significance tests was controlled with the familywise error Finner’s procedure, which has
shown greater efficiency than the classic Bonferroni adjustment method [75].

3. Results
3.1. Comparison of Endocrine Measures

Adjusting for sex, age, and BMI, the GD group reported higher ghrelin and lower
LEAP2 and adiponectin values compared with HCs (Table 1 and first panel of Figure 1).
No differences were found regarding leptin values.

3.2. Comparison of Neuropsychological and Clinical Measures

ANCOVAs comparing the mean values of the neuropsychological measures and
clinical variables are displayed in Table 2 (see also second panel of Figure 1). Compared
to HCs, the GD group displayed worse performance on the WCST, WAIS-vocabulary
test, and performance-learning curve during IGT performance (Figure 2). The GD group
also reported worse psychopathological states (higher mean scores on the SCL-90 R),
higher impulsivity (except on the UPPS-P sensation-seeking scale) and more dysfunctional
personality profiles (except on the TCI-R persistence scale).

Table 1. Comparison of clinical characteristics via ANCOVA.

Control (N =79) GD (N =297)
Mean SD Mean SD p Idl
1 Ghrelin (pg/mL) 544.92 673.59 958.48 753.26 <0.001 * 0.58 t
1LEAP2 (ng/mL) 8.41 3.99 5.28 2.88 <0.001 * 0.90 +
1 Leptin (ng/mL) 9.00 8.13 8.18 7.85 0.402 0.10
1 Adiponectin (ng/mL) 12784.98 14084.20 8381.47 4374.29 <0.001 * 0.42
2 BMI (kg/m?) 24.99 2.36 26.57 5.04 0.005 * 0.40

Note. GD: gambling disorder. LEAP2: liver enriched antimicrobial peptide 2. BMI: body mass index. SD: standard
deviation. |dl: Cohen’s-d coefficient. * Bold: significant comparison. 1 Adjustment by sex, age, and BMI.
2 Adjustment by sex and age. 1 Bold: effect size into the range mild-moderate (1d | > 0.50 and <0.80) to high-large
(1d1 >0.80).



MATERIAL, METODOS Y RESULTADOS

Nutrients 2022, 14, 5084 7 of 16

Ghrelin (pg/ml)
08

A

—Control
—GD

Adinopectin an
(ng/mi) \\‘V —> LEAP2 (ng/ml)
\/
Leptin (ng/mi)
——Control IGT: total
—GD WAIS: vocabulary 07— IGT leaming
WMS-II total _—_f* e . IGT risk
O '

, AN
WMS-II- inverse S WCST: trials
/) AN

WMS-III- direct /. * WCST: emors

Stroop” interference | L
T
|

T WCST: errors persev

Stroop: estimated - WCST: conceptual

Stroop: words-colors WCST: cat. completed

Stroop: colors\ WCST: frials categ 1

MT:A

Stroop: word
TMT: Diff VT B
Figure 1. Radar-charts (z-standardized means are plotted). Note. GD: gambling disorder (1 = 297).
Control (n = 41). LEAP2: liver enriched antimicrobial peptide 2. IGT: lowa Gambling Test. WCST:
Wisconsin Card Sorting Test. TMT: Trail Making Test. WMS-III: Wechsler Memory Scale Third Edition.
WAIS: Wechsler Adult Intelligence Scale. Due the different measurement scale for the variables in the
graph, Z-standardized means are plotted to facilitate interpretation.
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Figure 2. Performance-learning curve in the lowa Gambling Test task. Note. GD: gambling disorder
(n =297). Control (n = 41).
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Table 2. Comparison of the clinical characteristics via ANCOVA.
Control (N =41) GD (N =297)
1 Neuropsychological Measures Mean SD Mean SD 4 Idl
IGT: block-1 —0.39 4.87 -1.87 5.16 0.115 0.30
IGT: block-2 0.65 5.87 0.09 5.52 0.583 0.10
IGT: block-3 3.24 9.50 1.19 6.97 0.126 0.25
IGT: block-4 2.34 9.85 1.25 7.46 0.446 0.12
IGT: block-5 2.99 8.33 1.18 8.56 0.249 0.21
IGT: total 8.88 28.10 2.10 21.94 0.104 0.27
IGT: learning 5.07 15.12 4.22 13.77 0.739 0.06
IGT: risk 5.33 15.78 2.44 13.64 0.257 0.20
WCST: trials 91.61 19.76 102.98 19.58 0.001 * 0.58 t
WCST: errors 20.04 16.28 33.14 21.77 <0.001 * 0.68 t
WCST: errors perseverative 9.13 6.27 15.09 10.06 <0.001 * 0.71t
WCST: conceptual 65.77 8.66 60.60 16.25 0.063 0.40
WCST: categories completed 5.59 1.07 4.76 1.80 0.006 * 0.56 t
WCST: trials to complete 1-cat 17.64 6.52 26.79 28.09 0.053 0.45
TMT: A 28.81 8.10 31.77 10.51 0.088 0.32
TMT: B 70.67 22.07 78.41 36.38 0.202 0.26
TMT: Diff 41.74 18.48 47.75 32.35 0.271 0.23
Stroop: words 101.50 13.27 98.13 13.91 0.173 0.25
Stroop: colors 67.82 9.97 68.28 11.00 0.812 0.04
Stroop: words-colors 43.07 10.25 42.97 10.55 0.955 0.01
Stroop: estimated 40.48 5.20 40.11 5.53 0.700 0.07
Stroop: interference 2.59 7.71 2.86 7.75 0.838 0.04
WMS-III: direct 891 1.93 8.96 2.02 0.902 0.02
WMSIL: direct-span 5.99 1.12 6.01 1.16 0.947 0.01
WMS-III: inverse 6.55 1.89 6.18 1.99 0.304 0.19
WMS-IIL: inverse-span 4.80 0.98 4.64 1.15 0.427 0.15
WMS-IIL: total 15.46 3.36 15.14 3.62 0.617 0.09
WAIS: vocabulary 45.30 5.29 38.50 8.52 <0.001 * 0.96 t
2 Psychological measures Mean SD Mean SD 4 Idl
SCL-90R Somatization 0.43 0.35 0.99 0.78 <0.001 * 092t
SCL-90R Obsessive/compul. 0.68 0.52 1.19 0.84 <0.001 * 0.74
SCL-90R Interp.sensitivity 0.40 0.38 0.99 0.80 <0.001 * 095t
SCL-90R Depressive 0.51 0.59 1.54 0.93 <0.001 * 132t
SCL-90R Anxiety 0.36 0.34 1.00 0.80 <0.001 * 1.05 t
SCL-90R Hostility 0.43 0.50 0.96 0.87 <0.001 * 0.76 t
SCL-90R Phobic anxiety 0.06 0.16 0.41 0.61 <0.001 * 0.77 +
SCL-90R Paranoid Ideation 0.46 0.47 0.95 0.79 <0.001 * 0.75 +
SCL-90R Psychotic 0.22 0.26 0.90 0.75 <0.001 * 1.20 +
SCL-90R GSI score 0.43 0.34 1.08 0.70 <0.001 * 118
SCL-90R PST score 26.37 16.45 47.53 20.77 <0.001 * 113t
SCL-90R PSDI score 141 0.33 1.86 0.59 <0.001 * 095t
UPPS-P Lack premeditation 20.98 4.02 24.32 5.51 <0.001 * 0.69 t
UPPS-P Lack perseverance 19.26 413 21.97 4.83 0.001 0.60 t
UPPS-P Sensation seeking 28.13 7.41 28.51 7.89 0.770 0.05
UPPS-P Positive urgency 20.70 5.85 31.92 9.22 <0.001 * 145t
UPPS-P Negative urgency 23.02 5.55 32.25 6.44 <0.001 * 154t
UPPS-P Total 112.13 18.36 138.83 22.37 <0.001 * 1.30 +
TCI-R Novelty seeking 99.34 10.63 110.82 13.13 <0.001 * 0.96 +
TCI-R Harm avoidance 88.04 17.86 98.79 16.83 <0.001 * 0.62 t
TCI-R Reward dependence 103.95 13.99 97.97 13.50 0.009 * 0.43
TCI-R Persistence 112.65 18.18 109.02 18.90 0.259 0.20
TCI-R Self-directedness 148.17 19.03 130.13 20.52 <0.001 * 091t
TCI-R Cooperativeness 136.98 15.25 130.18 15.42 0.010 * 0.44
TCI-R Self-transcendence 66.73 15.93 61.38 13.83 0.025 * 0.36

Note. GD: gambling disorder. SD: standard deviation. IGT: lowa Gambling Test. WCST: Wisconsin Card Sorting Test.
TMT: Trail Making Test. WMS-III: Wechsler Memory Scale Third Edition. WAIS: Wechsler Adult Intelligence Scale.
SCL-90R: Symptom Checklist-90-Revised. UPPS-P: Impulsive Behavior Scale. TCI-R: Temperament and Character
Inventory-Revised. * Bold: significant comparison. 1 Adjustment by sex, age, and education. 2 Adjustment by sex
and age. T Bold: effect size into the range mild-moderate (1d | > 0.50) to high-large (1d | > 0.80).

3.3. Associations between Endocrine Variables and Neuropsychological and Clinical Measures

Supplementary Materials Table S2 displays the partial correlation matrix between
the endocrine profile with neuropsychological and clinical variables (psychopathology,
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impulsivity, and problem-gambling severity). No relevant associations were found within
the GD subsample. Among HCs, lower ghrelin values were related to higher values on
the IGT-block 5 and, on the WCST scales, number of trials and number of perseverative
errors. Higher LEAP2 values were associated with worse psychological states and poorer
performance on the TMT, Stroop task, and WMS digits-direct task. Higher leptin was
also related to higher levels of phobic anxiety and worse performance on the IGT, WCST
conceptual portion, and TMT. Finally, higher adiponectin values were correlated with lower
scores on the UPPS-P lack of premeditation scale, and worse performance on the WMS
direct and total scales.

3.4. Predictive Model for GD Presence

Table 3 shows the results of the logistic regression. The likelihood of being identified
as GD was higher for individuals with lower education levels, lower social position indexes,
greater psychopathological distress, higher impulsivity, lower self-transcendence, worse
neuropsychological performance (specifically for WCST perseverative errors and on the
Stroop color and WAIS vocabulary tasks), and lower LEAP2 levels.

Table 3. Predictive logistic regression model for identifying GD.

Dependent Variable: 1 = GD vs. 0 = HC B SE P OR 95% CI OR
Covariates Sex (0 = women; 1 = men) —0.781 1.498 0.602 0.458 0.024 8.623
Age (years-old) —0.100 0.033 0.002 0.905 0.848 0.965
BMI (kg/m?) 0.508 0.149 0.001 1.662 1.241 2.226
Education (low levels) 2.875 0.754 0.001 17.724 4.045 77.665
Socioeconomic status (low levels) 1.099 0.543 0.043 3.000 1.035 8.696
Psychopathology distress (SCL-90R GSI) 2.483 0.896 0.006 11.973 2.069 69.290
Impulsivity (UPPS-P total) 0.082 0.023 0.001 1.086 1.038 1.135
Personality: TCI-R self-transcendence —0.071 0.031 0.023 0.932 0.877 0.990
WCST Perseverative errors 0.180 0.068 0.008 1.198 1.048 1.368
Stroop Color 0.093 0.047 0.046 1.098 1.002 1.203
WAIS Vocabulary —-0.175 0.064 0.007 0.840 0.740 0.953
LEAP2 (ng/mL) —0.326 0.126 0.009 0.722 0.564 0.923

Fit statistics

H-L =0.985; R2 = 0.427; AUC = 0.986 (95% CI: 0.973 to 0.998)

Note. GD: gambling disorder (1 = 297). HC: healthy control (n = 41). Stepwise logistic regression adjusted by
sex, age, and BMI. SE: standard error. OR: odds ratio. H-L: Hosmer-Lemeshow test (p-value). R2: Cox-Snell R2.
AUC: area under the ROC curve (95% confidence interval (CI)). List of statistical predictors: sociodemographics
(marital status, studies levels, and socioeconomic position), psychopathology distress (SCL-90R GSI), impulsivity
level (UPPS-total), personality features (TCI-R), psycho-neurological profile, and endocrine measures (ghrelin,
leptin, LEAP2 and adinopectin).

4. Discussion

The present work studied gut hormones and adipocytokines, based on their associa-
tion with reward and impulsive-compulsive processes, in people with GD compared with
HCs. Likewise, neuropsychological, and clinical features were also evaluated, as well as its
relationship with endocrine factors. Individuals with GD presented altered endocrine pro-
files compared to HCs, and regardless of BMI, were characterized by higher plasma ghrelin
and lower LEAP2 and adiponectin concentrations, without significant differences in leptin
levels. A worse neuropsychological performance, higher emotion dysregulation, greater
psychopathological scores, higher impulsivity, and a more dysfunctional personality profile
were also described in individuals with GD. Although significant correlations between
endocrine factors and neuropsychological and clinical features were largely lacking, some
neuropsychological domains and lower LEAP2 concentrations predicted GD presence.
Implications are described below.

Increased plasma ghrelin concentrations in patients with GD seem consistent with
results in SUDs, where ghrelin upregulation has been described [17,18], These findings
suggest not only that this hormone could be involved in addictive processes [76] but also
shared neurobiological substrates [3,4]. Despite not predicting GD presence, ghrelin up-
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regulation could speculatively contribute to maintenance of gambling due to its reinforcing
properties [28], as well as being a risk factor for relapse, related to intensify craving [28]. If
such possibilities received empirical support, similar to in SUDs, they may have important
therapeutic implications for GD [27].

Although this is the first study to explore LEAP2 in GD, lower concentrations among
individuals with GD suggest a possible dysfunction in the ghrelin system also involving
LEAP2. The findings raise the intriguing possibility as to whether altered ghrelin produc-
tion may influence LEAP?2 release, supporting LEAP2 antagonism [22] and favoring lower
LEAP?2 concentrations. Moreover, both ghrelin and LEAP2 concentrations are subject to
BMI in both animals and humans but in opposite ways [52]. Thus, persistent differences in
ghrelin and LEAP2 after adjustment by BMI between groups, together with the finding that
lower LEAP2 concentrations statistically predicted the presence of GD, suggest that these
potential disturbances may be intrinsically associated with GD. Going one step further, our
results raise the question of whether LEAP2 could be a potential therapeutic target in GD
and other addictive-related disorders because of the neutralization of ghrelin’s possibly
deleterious actions in craving, abstinence, and relapse. However, as LEAP2 has only been
recently described and there is lack of extensive or consistent data in the literature, future
research is needed [22].

The results regarding adiponectin agree with those reported in other addictive dis-
orders [14,37]. Some protective functions have been linked to adiponectin, such as anti-
inflammatory, anti-diabetic, and anti-atherogenic properties [77]. Thus, the results may in
part explain a neurobiological basis for a worse metabolic state and a higher cardiometabolic
risk associated with addiction, including individuals with GD, who had a significant higher
BMI than HCs in our sample [77]. Speculatively, they may also in part explain incident
cardiovascular conditions in relation to GD symptomatology in older adults [78]. Inter-
estingly, our findings support the previous work by Geisel et al. [35], regarding leptin
concentrations in GD. On the one hand, intrinsic compensatory mechanisms exist asso-
ciated with endocrine dysfunctions in addiction, based on changes in receptors’ activity
and/or hormones’ biosynthesis [79], which may be a possible rationale to explain the lack of
differences between individuals with GD and HCs. Nevertheless, due to the heterogeneous
methodology and mixed conclusions described in other addictive disorders, as well as
limited work in GD, further studies are lacking to replicate these extend the current results.

Regarding neuropsychological performance, patients with GD had poorer cognitive
flexibility and more perseverative errors than HCs, in line with previous findings [80].
Although we failed to find significant differences in the IGT trials, the GD group showed
numerically less learning on the task, which may suggest a potential worse decision-making
performance [41]. However, given the absence of statistically significant differences, the
findings also resonate with prior reports showing similar patterns but no group differences
in independent samples [81].

Patients with GD presented poorer estimated cognitive reserves compared to HCs.
Lower scores on intellectual performance scales may be associated with a greater tendency
to make risky decisions and may thus be a potential risk factor for the development of
GD [82]. As a distinguishing finding, worse performance on the WAIS Vocabulary and
WCST Perseverative errors predicted the presence of GD. Taken together, the results are
in line with previous research suggesting that compulsive responding is in part mediated
by impulsive decisions [39], since perseverative behavior has been “normalized” when
feedback-response pause is increased in cognitive flexibility tasks [83]. One possibility is
that low cognitive reserve may promote impulsivity, leading to an increase in perseverative
behaviors in patients with GD. Even though significant correlations between endocrine
and neuropsychological factors were largely absent, it may be worth further investigating
possible common links based on relationships with reward-related neurocircuitry [84].

Patients with GD scored higher on general psychopathology and impulsivity mea-
sures [85], with more dysfunctional personality features (i.e., higher novelty-seeking and
harm avoidance and lower reward dependence, self-directedness, cooperativeness, and
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self-transcendence) [85]. This profile has been linked to younger age of GD onset and
problem-gambling severity [86,87]. Particularly, in our study, lower self-transcendence, and
younger age, described as a possible risk factor of GD [2] also predicted the presence of
GD. Self-transcendence seems to be a protective factor delaying the age of GD onset [86,88].
On the other hand, younger age has been positively linked to earlier GD onset, male sex,
and higher novelty-seeking, and therefore, with problem-gambling severity [89]. Socio-
demographic differences related to educational and socio-economic levels aligned with
previous studies of our group [85]. From a social perspective, having a lower educational
status and less social support have been previously implicated in GD [90].

Newly, relationships between endocrine and clinical variables were largely not ob-
served. However, some previous studies revealed a relationship of appetite-related hor-
mones with impulsivity domains and mood regulation [29,91]. Considering the complexity
of addictive disorders and the limitations of cross-sectional studies, prospective studies
with larger samples are warranted to understand better relationships over time.

Limitations and Strengths

Some limitations should be mentioned. As the cross-sectional nature of this study
limits causal attributions, future longitudinal studies are needed to better understand the
involvement of neuroendocrine alterations and their roles in GD. Moreover, endocrine
measurements were analyzed from peripheral blood samples, which could limit the in-
ference of their functioning at a neural level. The lower number of individuals in the
HC group with respect to the GD group may also limit the interpretation of the results,
studies with a larger sample size are necessary to confirm the findings. Moreover, the GD
group was principally composed of treatment-seeking males referred to a specialized unit
in Catalonia, Spain. As such, studies of other compositions from other jurisdictions are
warranted to determine generalizability of the results. Nonetheless, the representation of
women in the study is consistent with the prevalence estimates in clinical treatment-seeking
samples in GD, and comparable to their frequency in the control group. On the other hand,
other strengths of this work is an adequate sample size, the well-characterized clinical and
neuropsychological profile of both groups, and the adjustment in models for potentially
confounding factors.

5. Conclusions

The present study provides evidence about underlying neuropsychological and en-
docrine dysfunctions related to reward processing in GD. The results have identified specific
endocrine, neuropsychological, and clinical factors statistically predicting the presence
of GD. Despite the cross-sectional design, this study supports a multifactorial nature of
GD. Additionally, it supports the existence of potential neurobiological targets, known for
involvement in other addictive disorders, with possible therapeutic implications. Hence, fu-
ture research in this area may contribute to the development of more specific psychological
and biological treatment strategies in GD.
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4.2. Estudio 2

Titulo del articulo: La concentracién plasmatica de leptina esta relacionada
con la adiccién a la comida en el trastorno de juego: Implicaciones clinicas y
neuropsicolégicas.

Resumen:

Introduccion: Existen datos que apuntan a un solapamiento en las vias neuro-
biolégicas implicadas en la regulacion del apetito y los trastornos adictivos. A
pesar de que se han asociado diferentes medidas neuroendocrinas tanto con
el trastorno de juego (TJ) como con la adiccién a la comida (FA), hasta la fecha
se desconoce la manera en la que alteraciones en hormonas reguladoras del
apetito pueden estar relacionadas con la coexistencia de ambas entidades.

Objetivos: Comparar las concentraciones plasmaticas de grelina, leptina,
adiponectinay LEAP-2 entre pacientes con TJ, con y sin FA, y explorar la aso-
ciacion entre las concentraciones hormonales circulantes y las caracteristicas
neuropsicolégicas y clinicas en individuos con TJ y FA.

Métodos: La muestra incluyé 297 pacientes diagnosticados de TJ (93,6% va-
rones). Ninguno de los pacientes con TJ tenia diagndstico de trastorno de la
conducta alimentaria alo largo de su vida. La FA se evalud con la escala YFAS
2.0. Todos los pacientes fueron evaluados mediante una entrevista clinica
semiestructurada y una bateria psicométrica que incluia pruebas neuropsi-
coldégicas. También se obtuvieron muestras de sangre para medir variables
hormonales y se recogieron variables antropométricas.

Resultados: De la muestra total, se observo FA en 23 individuos (FA+) (7,7%
de la muestra, 87% varones). Cuando se comparo a los sujetos con y sin FA,
aquellos con FA+ presentaron tanto un mayor indice de masa corporal (IMC)
(p < 0,001) como concentraciones de leptina mas elevadas, tras ajustar por
IMC (p = 0,013). En los pacientes con FA, las concentraciones de leptina se
correlacionaron positivamente con una mayor impulsividad, una menor flexi-




bilidad cognitiva y un peor control inhibitorio. Otras medidas endocrinas no
difirieron entre los grupos.

Discusion: El presente estudio implica a la seializacion de leptina en la coe-
xistencia de TJ y FA. Entre estos pacientes, la concentracion de leptina se ha
asociado con caracteristicas clinicas y neuropsicolégicas comunes a ambas
entidades,como laimpulsividad y el rendimiento cognitivo en ciertos dominios.



MATERIAL, METODOS Y RESULTADOS

@@ Plasma concentration of leptin is related to food
AKADEMIAI KIADO addiction in gambling disorder: Clinical and
neuropsychological implications

Journal of Behavioral MIKEL ETXANDI"*?®, ISABEL BAENAS"**> @,

Addictions BERNAT MORA-MALTAS"*’©, ROSER GRANERO**%®,

FERNANDO FERNANDEZ-ARANDA>” @,

o SULAY TOVAR4’81 , NEUS SOLE-MORAT/}; :

10.i556/2006.2023.00051 IGNACIO LUCAS o 2 SIASBELA CASADO ’ > 15

© 2022 The Author(s) MONICA GOMEZ-PENA ™ ®, LAURA MORAGAS ” @,
AMPARO DEL PINO-GUTIERREZ*>® @, JAVIER TAPIA>>10 @,
EDUARDO VALENCIANO-MENDOZA' ®,
MARC N. POTENZA 121314156, - ASHLEY N. GEARHARDT!® ),
CARLOS DIEGUEZ*® © and SUSANA JIMENEZ-MURCIA*>7*

FULL-LENGTH REPORT

lq ) ! Clinical Psychology Unit, Bellvitge University Hospital, Barcelona, Spain
Check for % Department of Psychiatry, Hospital Universitari Germans Trias i Pujol, IGTP Campus Can Ruti,
updates Badalona, Spain

® Doctoral Program in Medicine and Translational Research, University of Barcelona (UB),
Barcelona, Spain

* Ciber Physiopathology of Obesity and Nutrition (CIBERObn), Instituto de Salud Carlos III, Madrid,
Spain

® Psychoneurobiology of Eating and Addictive Behaviors Group, Neurosciences Programme, Bellvitge
Biomedical Research Institute (IDIBELL), Barcelona, Spain

¢ Department of Psychobiology and Methodology, Autonomous University of Barcelona, Barcelona,
Spain

7 Department of Clinical Sciences, School of Medicine and Health Sciences, University of Barcelona,
Barcelona, Spain

8 Department of Physiology, CIMUS, University of Santiago de Compostela, Instituto de
Investigacion Sanitaria, Santiago de Compostela, Spain

? Department of Public Health, Mental Health and Perinatal Nursing, School of Nursing, University
of Barcelona, Barcelona, Spain

1% Medical Direction of Ambulatory Processes, South Metropolitan Territorial Management, Bellvitge
University Hospital, Barcelona, Spain

'! Department of Psychiatry, Yale University School of Medicine, New Haven, CT, USA
12 Child Study Center, Yale University School of Medicine, New Haven, CT, USA

13 Connecticut Mental Health Center, New Haven, CT, USA

' Connecticut Council on Problem Gambling, Wethersfield, CT, USA

!> Department of Neuroscience, Yale University, New Haven, CT, USA

16 Department of Psychology, University of Michigan, Ann Arbor, USA

Received: May 2, 2022 e Revised manuscript received: July 25, 2023 e Accepted: September 3, 2023

*Corresponding author.

E-mail: sji z@bellvi yspital.cat
ABSTRACT
Background: Data implicate overlaps in neurobiological pathways involved in appetite regulation and
’j Journals addictive disorders. Despite different neuroendocrine measures having been associated with both

Unauthenticated | Downloaded 10/18/23 06:26 AM UTC



Journal of Behavioral Addictions

gambling disorder (GD) and food addiction (FA), how appetite-
regulating hormones may relate to the co-occurrence of both en-
tities remain incompletely understood. Aims: To compare plasma
concentrations of ghrelin, leptin, adiponectin, and liver-expressed
antimicrobial peptide 2 (LEAP-2) between patients with GD, with
and without FA, and to explore the association between circulating
hormonal concentrations and neuropsychological and clinical fea-
tures in individuals with GD and FA. Methods: The sample
included 297 patients diagnosed with GD (93.6% males). None of
the patients with GD had lifetime diagnosis of an eating disorder.
FA was evaluated with the Yale Food Addiction Scale 2.0. All pa-
tients were assessed through a semi-structured clinical interview
and a psychometric battery including neuropsychological tasks.
Blood samples to measure hormonal variables and anthropometric
variables were also collected. Results: From the total sample, FA was
observed in 23 participants (FA+) (7.7% of the sample, 87% males).
When compared participants with and without FA, those with FA+
presented both higher body mass index (BMI) (p < 0.001) and leptin
concentrations, after adjusting for BMI (p = 0.013). In patients with
FA, leptin concentrations positively correlated with impulsivity,
poorer cognitive flexibility, and poorer inhibitory control. Other
endocrine measures did not differ between groups. Discussion and
conclusions: The present study implicates leptin in co-occurring
GD and FA. Among these patients, leptin concentration has been
associated with clinical and neuropsychological features, such as
impulsivity and cognitive performance in certain domains.

KEYWORDS

gambling disorder, food addiction, leptin, impulsivity, addictive behaviors

INTRODUCTION

Gambling disorder (GD) is classified as a behavioral
addiction in the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) (APA, 2013). It is char-
acterized by a recurrent and maladaptive gambling behavior,
impaired control and increasing priority given to gambling,
as well as continuation or escalation of gambling despite the
occurrence of negative consequences in different domains of
patients’ daily lives (Potenza et al., 2019). GD shares clinical
and etiological aspects with substance use disorders (SUDs),
including neurobiological features (Griffiths, 2017; Linnet,
2020; Solé-Morata et al., 2022).

Although food addiction (FA) is not currently recog-
nized as a formal diagnostic entity, the concept has been
supported through clinical and biological studies (Gear-
hardt, Davis, Kuschner, & Brownell, 2011). This construct
may in part explain high and rising rates of obesity in
contemporary society that might relate to addictive prop-
erties of food promoting the consumption of densely caloric,
hyperpalatable, inexpensive, processed foods (Gearhardt,
Grilo, Dileone, Brownell, & Potenza, 2011). However, there
is a lack of consensus regarding some aspects of this
construct, such as the most appropriate conceptual
framework to explain FA (Gearhardt & Hebebrand, 2021;
Treasure, Leslie, Chami, & Fernandez-Aranda, 2018).
There are authors who define FA as addictive-like eating

—toRe

(Hebebranda et al., 2014), while others propose a substance-
based addiction model (Fernandez-Aranda, Karwautz, &
Treasure, 2018; Schulte, Avena, & Gearhardt, 2015). The
latter model suggests that some foods, especially palatable
ones with large amounts of processed sugars and fats, may
lead to overeating and addictive-like behaviors by activating
brain reward pathways, in a similar way to what occurs in
SUDs (Gearhardt, Phil, & Corbin, 2011; Schulte et al., 2015).
Moreover, many clinical and neurobiological similarities
have been identified between FA and addictive disorders,
such as an excessive preoccupation and desire for rewarding
consumption, the development of tolerance and abstinence,
and difficulties decreasing consumption despite negative
consequences (Fletcher & Kenny, 2018; Gearhardt, Phil, &
Corbin, 2011; Pursey, Contreras-Rodriguez, Collins, Stan-
well, & Burrows, 2019; Volkow, Wang, Fowler, Tomasi, &
Baler, 2012). Some authors have raised concerns regarding
the diagnostic overlap between binge eating disorder (BED),
an eating disorder (ED) characterized by recurrent episodes
of bingeing in the absence of compensatory behaviors and
FA, although recent studies provide evidence supporting
that they are separate entities, which reflect different clinical
situations (di Giacomo et al., 2022).

Along these lines, previous work has suggested a po-
tential association between FA and GD (Etxandi et al., 2021;
Jiménez-Murcia et al., 2017). The prevalence of FA in pa-
tients with GD has been estimated at around 7.8% (Granero
et al., 2018), and co-occurrence between GD and FA has
been related to specific clinical features in individuals with
GD, such as higher body mass index (BMI), more psycho-
pathology, and elevated harm avoidance (Etxandi et al.,
2021). Moreover, some works hypothesized that the co-
morbidity with FA could be associated with gambling pat-
terns indicative of more protracted or severe GD, which
makes its study of special interest to identify possible pre-
ventive and early detection strategies (Etxandi et al., 2021).

Interestingly, one area of recent attention when studying
the neurobiology of addictive disorders involves neurohor-
monal systems implicated in appetite regulation, with such
systems linked to brain reward pathways (Etxandi et al,
2022; Tovino et al., 2022). Among endocrine factors involved
in the reward circuit, ghrelin (an appetite stimulating hor-
mone) has been shown to be a neural reinforcer for both
natural (e.g., food) and non-natural (e.g., money) rewards,
which influences dopamine signaling in brain areas related
to reward processing (e.g., mesolimbic regions) (Farokhnia
et al., 2018; Vengeliene, 2013). The liver-expressed antimi-
crobial peptide 2 (LEAP-2) is a recently described endocrine
factor involved in appetite regulation that antagonizes the
effects of ghrelin (Ge et al, 2018; Lugilde et al, 2022).
Although there is currently less evidence of its involvement
in addictive disorders, it has been related to impulsivity
(Voigt et al, 2021), which has been linked to addictions
including GD (Brewer & Potenza, 2008). Other endocrine
factors such as adipocytokines (i.e., leptin and adiponectin)
produced by adipose tissue have also been studied in relation
to addictive disorders (Escobar et al., 2018; Housova et al.,
2005; Novelle & Diéguez, 2018). Leptin is an important
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peripheral signal regulating food intake, with appetite-sup-
pressing functions and circulating concentrations related to
BMI (Hellstrom et al., 2004). Both leptin and adiponectin
have also been linked to impulsivity (Sutin et al., 2013) and
craving in SUDs (Hillemacher et al., 2009; Martinotti et al.,
2017). Noticeably, these endocrine factors linked to SUDs
have prompted investigations in behavioral addictions
such as GD (Geisel, Hellweg, Wiedemann, & Miiller, 2018).
A recent case-control study described an increase in ghrelin
concentrations, but a decrease in LEAP-2 and adiponectin
in individuals with versus without GD, after adjusting for
BMI (Etxandi et al., 2022).

Regarding neurobiological correlates of FA, prior efforts
have explored possible endocrine alterations (Leigh &
Morris, 2018). Both ghrelin and leptin may play a significant
role in FA (Piccinni et al,, 2021). On the one hand, ghrelin
signaling has been suggested as a key regulator of obesity,
and higher concentrations have been associated with
increased food craving and consumption (Lopez-Aguilar,
Ibarra-Reynoso, & Malacara, 2018). It has also been hy-
pothesized that higher fasting leptin concentrations may
underlie excessive food intake (Miller et al., 2014). FA has
been associated with lower leptin concentrations in adoles-
cents with normal weight whereas with higher leptin con-
centrations in individuals with overweight (Peters et al.,
2018). The authors hypothesized that the negative associa-
tion between leptin concentrations and FA under normal-
weight conditions could be explained by a stronger sense of
hunger and a greater propensity for overeating in these in-
dividuals, which could have led to greater FA severity. In
individuals with overweight, high circulating leptin con-
centrations may reflect leptin resistance, in which the failure
of leptin-level-induced feeding suppression may lead to the
development of FA (Peters et al, 2018; Yu, Fernandez,
Meng, Zhao, & Groth, 2021).

To the best of our knowledge, no previous studies have
investigated hormonal factors in the co-occurrence of FA and
a behavioral addiction such as GD. The main aim of the
present study was to explore whether there were differences in
plasma concentrations of hormones involved in appetite
regulation (namely ghrelin, LEAP-2, adiponectin, and leptin)
in a sample of patients diagnosed with GD, with and without
FA. Moreover, we aimed to explore correlates between con-
centrations of any implicated hormones and clinical and
neuropsychological variables in the subgroup with FA. These
included measures of cognitive domains described as core
features in well-known neuroscientific models of addiction
and especially related to impulse control, that we hypothe-
sized to co-occur in GD and FA, such as prefrontally medi-
ated executive functions (i.e., cognitive flexibility, inhibitory
control, decision making, working memory, attention, and
set-shifting) (Bechara & Van Der Linden, 2005; Blaszczynski
& Nower, 2002; Mallorqui-Bagué et al., 2018; van Timmeren,
Daams, van Holst, & Goudriaan, 2018). We hypothesized that
circulating concentrations of appetite-regulating hormones
would differ between GD patients with and without FA, with
levels of implicated hormones correlating with impulsivity
measures in the FA subgroup.

METHODS

Participants

The sample consisted of n = 297 seeking-treatment outpa-
tient adults with GD. Participants were mostly male (n =
278, 93.6%) and with a mean age of 39.58 years (SD =
14.16). They were voluntarily recruited from April 2018 to
September 2021 at the Behavioral Addictions Unit within
the Clinical Psychology Unit of Bellvitge University Hospital
(Barcelona, Spain). All patients had a diagnosis of GD ac-
cording to DSM-5 criteria (APA, 2013). None of them
presented a lifetime ED, which constituted an exclusion
criteria together with the presence of an organic mental
disorder, an intellectual disability, a neurodegenerative dis-
order (such as Parkinson’s disease), or an active psychotic
disorder.

Measures

Hormonal assays. Peripheral blood samples were collected
by venous aspiration with ethylenediamine tetraacetic acid
(EDTA) (25 mM final concentration), obtained at 9 am
after at least 8 h of overnight fasting. Blood was centrifuged
at 1,700 g in a refrigerated (4°C) centrifuge for 20 min. The
plasma was immediately separated from the serum and
stored at —80°C until analysis. Parameter determinations
were conducted using commercial kits according to the
manufacturer’s instructions and in a single analysis to
reduce inter-assay variability. Quantitative plasma LEAP-2
measurement was performed using a commercial enzyme-
linked immunosorbent assay (ELISA) kit (Human LEAP-2
ELISA kit, Phoenix Pharmaceuticals, Inc), previously vali-
dated (Barja-Fernandez et al, 2021; Mani et al., 2019).
Intraassay and interassay coefficients of variation were
<10% and <15%, respectively. The sensitivity limit of the
assay was 0.15 ng/mL. Total ghrelin (pg/mL) was measured
using an ELISA kit (Invitrogen-Thermofisher scientific) for
the detection of human ghrelin, with a specificity of 100%.
The intra-assay variation coefficient was <6%, and the
inter-assay variation coefficient <8.5%. The sensitivity
limit of the assay was 11.8 pg/mL (Pena-Bello et al,, 2015).
Plasma adiponectin (ng/mL) and leptin (ng/mL) were
measured using a solid-phase sandwich ELISA kit (Invi-
trogen-Thermofisher scientific) with a specificity of 100%.
The intraassay and interassay coefficients of variation were
<4% and <5%, respectively, and the assay sensitivity limit was
100 pg/mL for adiponectin and <3.5pg/mL for leptin.
Each sample’s absorbance was measured in duplicate using
a microplate spectrophotometric reader at a wavelength of
450 nm (Epoch 2 microplate reader, Biotek Instruments, Inc).

Neuropsychological variables. Vocabulary subtest of the
Wechsler Adult Intelligence Scale, 3rd edition (WAIS-III)
(Wechsler, 1999): The WAIS-III involves defining words of
increasing difficulty presented orally. It was used to assess
vocabulary expression, as a measure of estimated intelligence
(De Oliveira, Nitrini, Yassuda, & Brucki, 2014).
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Iowa Gambling Task (IGT) (Bechara, Damasio, Damasio,
& Anderson, 1994, 2000): The IGT is a computerized task for
evaluating risk-/reward-based and punishment-influenced
decision-making. Participants must select 100 cards from
four decks of cards (i.e., A, B, C, and D) and, after each card
selection, either a monetary gain or a loss is obtained. The
participants are told that the ultimate goal of the task is to
win as much money as possible. The test is scored by sub-
tracting the number of cards selected from decks A and B
from the number of cards selected from decks C and D.
Whereas decks A and B are not advantageous, since the final
loss is greater than the final gain, decks C and D are ad-
vantageous since the penalties are smaller (as are the re-
wards). Higher scores indicate better performance, while
negative scores reflect more choices from disadvantageous
decks. The test score for each block (IGT-1, 2, 3, 4, and 5) is
calculated by subtracting the number of choices from
disadvantageous decks to the number of choices from ad-
vantageous decks draws. The total task score (IGT-Total) is
obatined by adding the scores of the five blocks. The learning
score (IGT-Learning) measures the differences between the
two first blocks (where the participant has not learned which
decks are advantageous and disadvantageous) and the two
last blocks (where the participant could have already detected
which decks involve a risky choice and then, the experience
gained through the trial can produce changes in choice
patterns). Additionally, the risk score (IGT-Risk) is measured
considering the scores from the two last blocks.

Wisconsin Card Sorting Test (WCST) (Grant & Berg,
1948): The WCST evaluates cognitive flexibility. It is
comprised of four types of stimulus cards and 128 response
cards that show different shapes, colors, and numbers of fig-
ures on each one. Participants must match the response cards
to the stimulus cards in a way that seems justifiable to them
before they receive feedback (i.e., correct or incorrect). After
ten correct consecutive responses, the categorization criteria
change. Total trials, total errors, perseverative errors and
non-perseverative errors, the number of complete categories,
conceptual, and trials to complete first category are recorded.

Trail Making Test (TMT) (Reitan, 1958): TMT part A
consists of 25 circles on a piece of paper with the numbers 1
to 25 written randomly in each. The person is tasked
with drawing a line from one circle to the next in ascending
numerical order, from 1 to 25, as quickly as possible. The
lines between the circles are referred to as the “trail.” For part
B, the dots go from 1 to 13 and include letters from A to L. As
in the first part, the person must connect the dots in order
while alternating letters and numbers, as in 1-A-2-B-3-C...,
in the shortest time possible without lifting the pen from the
paper. The task assesses visual conceptual and visual-motor
tracking, entailing motor speed, attention, and the capacity to
alternate between cognitive categories (set-shifting). Each part
is scored according to the time spent to complete the task.

Stroop Color and Word Test (SCWT) (Golden, 1978):
The SCWT consists of three separate lists. First, a word list
contains the names of colors in black ink. Then, a color list
includes the letter "X" printed in different colors. Lastly, a
color word list consisting of color names in a color ink that

does not match the written name. Three final scores are
obtained based on the number of items the participant can
read on each of the three lists within 45 seconds. The SCWT
assesses cognitive interference, which occurs when the pro-
cessing of one stimulus feature affects the simultaneous
processing of another attribute.

Clinical variables. Yale Food addiction Scale 2.0 (YFAS 2.0)
(Gearhardt, Corbin, & Brownell, 2016): The YFAS 2.0
consists of a self-report scale for assessing FA based on 11
symptoms related to SUDs that are adapted to the context of
food consumption. The YFAS 2.0 consists of 35 items and
produces two measurements: (1) a continuous symptom
count score that reflects the number of diagnostic criteria
met (from 0 to 11), and (2) a binary measure (present vs.
absent) that is based on the number of symptoms (at least 2)
and self-reported clinical distress or impairment. In addi-
tion, it also provides severity thresholds: mild (2-3 symp-
toms), moderate (4-5 symptoms) and severe (6-11
symptoms). The Spanish validation of the YFAS-2 (Granero
et al,, 2018) generated an internal consistency of Cronbach’s
alpha (@) = 0.94. The internal consistency of our sample was
a = 0.97.

South Oaks Gambling Screen (SOGS) (Lesieur & Blume,
1987): The SOGS includes 20 items for the identification of
problem gambling and associated negative consequences.
Total scores obtained as the summation of the items have
been used as a measure of problem-gambling severity, with a
score of five or more reflecting “probable pathological
gambling." The Spanish validation of the scale showed very
good psychometric results in the adaptation study (test-
retest reliability R = 0.98, internal consistency a = 0.94 and
convergent validity R = 0.92) (Echeburta, Baez, Fernandez-
Montalvo, & Paez, 1994). The internal consistency for this
scale in the study sample was a = 0.74.

Diagnostic Questionnaire for Pathological Gambling Ac-
cording to DSM criteria (Stinchfield, 2003): Spanish adap-
tation (Jiménez-Murcia et al., 2009). This instrument is a
self-report questionnaire containing 19 items coded on a
binary scale (yes-no), which is used for the diagnosis of GD
according to the DSM-IV-TR (APA, 2000). This question-
naire has been updated according to DSM-5 (APA, 2013)
criteria. The internal consistency of this scale in the study
sample was a = 0.80.

Symptom  Checklist-90-Revised (SCL-90-R) (Derogatis,
1994): The SCL-90-R is a self-report questionnaire of 90
items that assesses a broad range of psychological problems
and psychopathology, based on nine primary symptom di-
mensions (Somatization, Obsessive-Compulsion, Interper-
sonal Sensitivity, Depression, Anxiety, Hostility, Phobic
Anxiety, Paranoid Ideation, and Psychoticism). Three global
indexes are included (global severity index, positive symp-
tom distress index and total positive symptom). The vali-
dation of the scale in the Spanish population (Derogatis,
2002) showed a mean internal consistency of @ = 0.75. The
internal consistency in the study was a = 0.98.

Temperament and Character Inventory-Revised (TCI-R)
(Cloninger, 1999): The TCI-R is a 240-item questionnaire
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scored on a 5-point Likert scale that measures personality
features derived from three character dimensions (Self-
Directedness, Cooperativeness, and Self-Transcendence) and
four temperament dimensions (Harm Avoidance, Novelty
Seeking, Reward Dependence and Persistence). Evaluation
of the Spanish revised version (Gutiérrez-Zotes et al., 2004)
had an internal consistency of @ = 0.87. This questionnaire
was administered in its Spanish adaptation, in which the
original author participated (Gutiérrez-Zotes et al., 2004).
The internal consistency in the study was between a = 0.70
(Novelty Seeking) and o = 0.88 (Persistence).

Impulsive Behavior (UPPS-P) (Whiteside, Lynam, Miller,
& Reynolds, 2005). Through 59 self-report items, the UPPS-
P assesses five aspects of impulsive behavior: negative ur-
gency; positive urgency; lack of premeditation; lack of
perseverance; and sensation-seeking. The Spanish validation
of the UPPS-P demonstrated good reliability (Cronbach’s a
between 0.79 and 0.93) and external validity (Verdejo-Gar-
cia, Lozano, Moya, Alcizar, & Pérez-Garcia, 2010). The
internal consistency in the study varied between a = 0.80
(lack of perseverance) and @ = 0.93 (positive urgency).

Difficulties in Emotion Regulation Strategies (DERS)
(Gratz & Roemer, 2004). The DERS is a self-reported
36-item scale that assesses emotion dysregulation. The scale
is divided into six subscales (non-acceptance of emotional
responses, difficulties in performing goal-directed behaviors
when experiencing strong emotions, difficulties in control-
ling impulses, lack of emotional awareness, limited access to
emotion regulation strategies, and lack of emotional clarity).
The participants are asked to answer each item using a five-
point Likert scale ranging from 1 (almost never) to 5 (almost
always). Higher scores suggest greater problems in emotion
regulation. The instrument has been validated in the Spanish
population (Hervas & Jodar, 2008). The internal consistency
of the DERS total score in our sample was a = 0.92.

Other variables. Additional data (e.g., socio-demographic,
and socio-economic, anthropometric variables, and GD-
related characteristics) were collected in a semi-structured
face-to-face clinical interview, as described elsewhere
(Jiménez-Murcia, Aymami-Sanroma, Gémez-Pena, Alvarez-
Moya, & Vallejo, 2006).

Procedure

The participants were assessed at the Behavioral Addictions
Unit of the Clinical Psychology Unit of Bellvitge University
Hospital (Barcelona, Spain). A multidisciplinary team
(psychology, psychiatry, and nursing) with more than 15
years of experience in the field of GD and other behavioral
addictions conducted the evaluation and data collection. In a
first session, a comprehensive semi-structured clinical
interview was performed, focusing on gambling behaviors.
Moreover, lifetime ED was also assessed. In a second session,
the psychometric evaluation and the extraction of biological
samples took place. The biological samples were subse-
quently analyzed at the Singular Center for Research in
Molecular Medicine and Chronic Diseases (CIMUS), Uni-
versity of Santiago de Compostela (Santiago de Compostela,

Spain). Finally, in a third session, the psychological assess-
ment was performed by an experienced neuropsychologist
for 60 min. We also administered the WAIS-III (Wechsler
et al., 1999) vocabulary subtest as a measure of estimated
intelligence (Lezak et al., 2004). All measures used in this
study correspond to the evaluation done prior to the
beginning of specialized treatment in our Unit.

Statistical analysis

Statistical analysis was performed with Statal7 for Windows
(Stata-Corp, 2021). Comparison of socio-demographic and
gambling-related problems between the YFAS 2.0 positive
versus negative screening groups was done with chi-square
tests (XZ) for categorical data and T-tests for quantitative
data. For these models, effect sizes of relationships were
measured with Cohen’s-h and Cohen’s-d coefficients,
interpreting mild-moderate effect sizes for values above 0.50
and less than 0.80 and high-large effect size for values above
0.80 (Kelley & Preacher, 2012).

Comparisons of hormonal measures between groups were
performed with analysis of covariance (ANCOVA), adjusting
for sex, age, and BMI. The association between leptin con-
centrations and clinical and neuropsychological variables was
assessed through partial correlation coefficients, adjusted for
sex, age, BMI, and WAIS-vocabulary scores, the latter used to
adjust the between-group comparisons for estimated intelli-
gence. Given the relationship between the significance of
correlations with sample sizes (small coefficients can achieve
highly significant p-values in large samples, and vice versa),
correlation values with size |R|>0.24 (medium-moderate
effect size) or |R| (large-high effect size) were considered
relevant in this study (Rosnow, 1996).

This study used Finner’s procedure for controlling the
increase in the Type-I error due to the use of multiple sta-
tistical comparisons. This procedure is sustained by the
familywise error rate stepwise multiple method, and it is
aimed to adjust significance levels (p-values) by controlling
for the probability that the statistical tests make at least k
false rejections (Finner & Roters, 2001).

Ethics

The latest version of the Declaration of Helsinki guided
conduct in the present study. The Clinical Research Ethics
Committee of Bellvitge University Hospital approved this
study (ref. PR329/19 and PR338/17), as part of the scientific
production within national and competitive research pro-
jects developed by our research group (RTI2018-101837-B-
100; 2019147). Signed informed consent was obtained from
all participants.

RESULTS

Descriptive for the sample

Most participants in the study were single (53.2%), men
(93.6%), with low education levels (52.9%), and of low social
status (44.8%). The mean age was 39.6 years old (SD =
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14.2), mean age of onset of the gambling problems 29.1 years
old (SD = 12.4), and mean duration of gambling problems
5.23 years (SD = 6.0). The percentage of patients who re-
ported non-strategic gambling preference was 49.8%, while
31.0% reported strategic, and 19.2% both non-strategic and
strategic gambling. The prevalence of patients with
gambling-related debts was 58.9%.

Comparison of the measures between FA groups

A small percentage (7.7%) of the sample met criteria for FA.
Table 1 presents sociodemographic and GD variables strat-
ified by FA status, with significant differences in the SOGS
total score and the BMI levels (higher means among patients
with FA + group).

The results of the ANCOVA comparing ghrelin, LEAP-2,
leptin, and, adiponectin concentrations between patients
with and without FA evidenced differences for the leptin
values (higher mean concentrations among the FA + group)
(see Table 2 and Fig. 1, with the radar chart).

The ANCOVA procedure with the comparison of the
clinical profiles between patients with and without FA is
showed in Table S1 (supplementary material). Differences
between groups were found for the psychopathological
state (higher SCL-90R mean scores in the FA + group),
and the emotion regulation capacity (higher scores in
DERS among the FA+ group, showing concretely diffi-
culties engaging in goal-directed behaviors, limited access
to emotion regulation strategies, lack of emotional clarity,
and higher total score).

Table 1. Comparison between the groups for the sociodemographic and the GD profiles

Total (n = 297) FA— (n = 274) FA+ (n = 23)
n % n % n % p |h|
Sex
Women 19 6.4% 16 5.8% 3 13.0% 0.175 0.25
Men 278 93.6% 258 94.2% 20 87.0%
Education
Primary 157 52.9% 143 52.2% 14 60.9% 0.160 0.18
Secondary 112 37.7% 107 39.1% 5 21.7% 0.38
University 28 9.4% 24 8.8% 4 17.4% 0.26
Marital
Single 158 53.2% 146 53.3% 12 52.2% 0.074 0.02
Married 103 34.7% 98 35.8% 5 21.7% 0.31
Divorced 36 12.1% 30 1.9% 6 26.1% 0.40
Social index
High 8 2.7% 7 2.6% 1 4.3% 0.875 0.10
Mean-high 19 6.4% 18 6.6% 1 4.3% 0.10
Mean 24 8.1% 23 8.4% 1 4.3% 0.17
Mean-low 113 38.0% 105 38.3% 8 34.8% 0.07
Low 133 44.8% 121 44.2% 12 52.2% 0.16
Mean SD Mean SD Mean SD p d]
Age (years-old) 39.58 14.16 39.44 14.15 41.26 14.45 0.554 0.13
Age of onset of GD (years) 29.10 12.42 28.80 12.37 32.74 12.69 0.144 0.31
Duration of GD (years) 523 6.02 5.24 6.11 5.04 4.88 0.880 0.04
DSM-5 criteria 7.13 1.80 7.09 1.82 7.70 1.40 0.119 0.37
SOGS total 10.85 3.23 10.74 3.17 12.13 3.73 0.048" 0.40
n % n % n % p |h]
Preference
Non-strategic 148 49.8% 139 5.7% 9 39.1% 0.551 0.23
Strategic 92 31.0% 83 3.3% 9 39.1% 0.19
Mixed 57 19.2% 52 19.0% 5 21.7% 0.07
Debts due to the GD
No 122 41.1% 113 41.2% 9 39.1% 0.843 0.04
Yes 175 58.9% 161 58.8% 14 60.9%
Mean SD Mean SD Mean SD P |d]
Body mass index (Kg/mz) 26.48 5.04 25.99 4.37 32.34 8.15 <0.001* 0.97"

Note. GD: gambling disorder. SD: standard deviation.

FA—: food addiction negative screening group. FA+: food addiction positive screening group.
*Bold: significant comparison. "Bold: effect size into the ranges mild-moderate to high-large.

—toRe



MATERIAL, METODOS Y RESULTADOS

Journal of Behavioral Addictions 7
Table 2. Comparison of hormonal measures: ANCOVA (adjusted by sex, age, and BMI)
Total (n = 297) FA— (n = 274) FA+ (n = 23) YEAS-total
Mean SD Mean SD Mean SD p |d] R

Ghrelin (pg/mL) 941.59 753.26 945.03 758.78 938.15 643.10 0.967 0.01 0.006
LEAP-2 (ng/mL) 5.26 2.88 531 2.87 521 3.09 0.661 0.03 0.007
Leptin (ng/mL) 10.05 7.85 7.88 7.42 12.23 10.47 0.013* 0.52" 0.106
Adiponectin (ng/mL) 8,678.79 4,374.29 8,374.86 4,429.37 8,982.71 3,710.43 0.543 0.15 0.022

Note. SD: standard deviation. R: Partial correlation.
FA—: food addiction negative screening group. FA-+: food addiction positive screening group.
*Bold: significant comparison. "Bold: effect size into the ranges mild-moderate to high-large.

Adiponectin

—FA-
—FA+

Ghrelin
0.4

0.2

LEAP-2

Leptin

Fig. 1. Radar chart with the hormonal profile (z-standardized
means are plotted).

Note. Z-standardized means are plotted in the graph. Total sample
(N = 297).

Correlational analysis

Table 3 includes the partial correlation matrix assessing the
relationship between leptin concentrations and clinical
measures, separately for patients with and without FA, and
adjusted for sex, age, BMI, and WAIS-vocabulary scores.
All correlation coefficients involving the FA— group were
into the low effect-size range, suggesting no relationships
between leptin and psychological performance, GD
severity, psychological state, impulsivity, and emotion
regulation capacity among these patients. Within the FA+
group, higher leptin concentrations were related to worse
performance on neuropsychological measures (including
the WCST, TMT, and SCWT), greater problem-gambling
severity (reflected in the number of DSM-5 GD criteria and
SOGS scores), higher scores on the SCL-90R obsessive-
compulsive and phobic anxiety scales, higher impulsivity
levels (UPPS-P: lack of premeditation, sensation-seeking,
positive urgency, and total score), and more emotion-

Table 3. Partial correlation with the leptin level (adjusted by sex, age, BMI and WAIS-vocabulary)

FA— (n = 274) FA+ (n = 23)

FA— (n = 274) FA+ (n = 23)

IGT:
IGT:
IGT:
IGT:
IGT:
IGT:
IGT:
IGT:
WCST:
WCST:
WCST:
WCST:
WCST:
WCST:

block 1

block 2

block 3

block 4

block 5

total

learning

risk

trials

errors

errors perseverant
conceptual
categories completed

TMT: A
TMT: B
TMT: Diff

Stroop:
Stroop:
Stroop:
Stroop:
Stroop:

words

colors
words-colors
estimated
interference

DSM-5 criteria
SOGS total

trials for the 1st-categ.

—0.026 —0.055
—0.023 —0.092
0.030 —0.071
—0.030 —0.334"
0.013 0.071
—0.006 —0.141
0.012 —0.076
—0.008 —0.143
0.035 0.375"
—0.034 0.244"
—0.031 0.278"
0.071 0.222
0.045 0.023
—0.029 0.182
—0.043 0.109
—0.052 0.326"
—0.046 0.324"
0.062 —0.174
—0.002 —0.064
—0.018 —0.289"
0.029 —0.116
—0.042 —0.353"
0.049 0.240"
—0.038 0.406"

SCL-90R Somatization 0.024 —0.129
SCL-90R Obsessive/compulsive 0.020 0.322"
SCL-90R Interpersonal sensitivity —0.081 0.019
SCL-90R Depressive 0.004 —0.134
SCL-90R Anxiety —0.002 0.009
SCL-90R Hostility —0.073 0.138
SCL-90R Phobic anxiety 0.061 0.300"
SCL-90R Paranoid Ideation —0.069 0.153
SCL-90R Psychotic —0.041 0.140
SCL-90R GSI score —0.023 0.042
SCL-90R PST score —0.041 0.110
SCL-90R PSDI score —0.007 0.002
UPPS-P Lack premeditation —0.056 0.285"
UPPS-P Lack perseverance 0.019 —0.029
UPPS-P Sensation seeking —0.145 0.318"
UPPS-P Positive urgency —0.155 0.435"
UPPS-P Negative urgency —0.077 0.226
UPPS-P Total —0.142 0.348"
DERS Non acceptance emotions —0.056 0.068
DERS Difficulties directed behav. 0.007 0.282"
DERS Impulse control difficult. —0.025 0.139
DERS Lack emotional aware. 0.043 —0.234"
DERS Limited access emotions —0.045 0.163
DERS Lack emotional clarity 0.047 0.085
DERS Total —0.022 0.135

Note. "Bold: effect size into the range mild-moderate (|R|>0.24) to high-large (|R|>0.37).
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regulation difficulties (DERS) related to goal-directed be-
haviors and lack of emotional clarity.

DISCUSSION

The present work studied differences in plasma concentra-
tions of appetite-regulating hormones between individuals
with and without FA in a sample of patients diagnosed with
GD. Likewise, neuropsychological and clinical features were
assessed. The results suggested that subjects with FA pre-
sented higher BMI, more severe GD measured by the SOGS,
greater emotion dysregulation, worse general psychopatho-
logical state, and an altered endocrine profile characterized
by an elevation of leptin concentrations (after adjusting for
BMI), without differences in the other analyzed endocrine
factors. Moreover, correlations between leptin concentra-
tions and certain psychological and clinical features were
observed in the FA+ group. Higher concentrations of leptin
were associated with phobic anxiety and obsessive-compul-
sive dimensions (SCL-90R), impulsivity, emotion dysregu-
lation, and poorer cognitive flexibility and inhibitory
control. Furthermore, in the FA+ group, leptin concentra-
tions were also associated with more severe GD.

The prevalence of FA in the sample (7.7%) was similar to
that described in the literature (Granero et al., 2018). As
expected, considering both the nature of the studied co-
morbidity and results from previous studies, patients with
FA presented higher SOGS scores and BMI, supporting the
notion of more severe GD and a worse metabolic profile in
this subgroup of patients (Etxandi et al, 2021; Jiménez-
Murcia et al., 2017). This finding reinforces the idea that
individuals with GD and FA may benefit from specific
therapeutic strategies (e.g., improving healthy eating habits,
increasing physical exercise) and that screening for FA in
patients with GD may help optimize preventive and thera-
peutic approaches (Etxandi et al., 2021). No other significant
differences were found between sociodemographic profiles
nor gambling preferences between both groups, which has
also been reported in a prior publication from our group
(Etxandi et al., 2021).

Elevated adjusted plasma leptin concentrations in pa-
tients with FA, who presented a higher BMI, is consistent
with previous studies (Peters et al., 2018) and support the
notion that elevated concentrations of this adipocytokine
may represent leptin resistance in patients with overweight.
According to this hypothesis, leptin would not adequately
exert its appetite-suppressing function and could underlie
the development of addictive-like eating in these individuals
(Peters et al.,, 2018). Moreover, leptin concentrations showed
a positive correlation with trait impulsivity, which is in line
with previous studies (Sutin et al, 2013). Leptin can
modulate mesolimbic activity both through receptors
expressed on dopaminergic cells in the midbrain, and indi-
rectly via its actions in upstream hypothalamic circuits
(Adams et al., 2018). Our findings suggest that patients with
GD and FA may have leptin resistance that might contribute
to dysfunctions in this signaling system and lead to an

increased impulsivity. However, increased impulsivity may
underlie FA-related eating behaviors leading to increased
leptin concentrations, or other possibilities (relating to
synergism) may also exist. Elevated impulsivity has been
previously reported in both GD and FA (Mestre-Bach et al.,
2020; Schulte & Gearhardt, 2021). In patients with GD and
co-occurring FA, the dysfunction of circuits linked to
impulsivity and leptin signaling may underlie not only the
incursion into behaviors related to excessive food intake, but
also some common clinical and psychological features
related to both GD and FA.

Poor cognitive performance, such as low cognitive flex-
ibility and disadvantageous decision-making, has been
implicated in both GD and FA (Etxandi et al., 2022; Lacroix
& von Ranson, 2021; Steward et al., 2018). To our knowl-
edge, this is the first study to evaluate the association be-
tween leptin concentrations and cognitive performance in
people with GD and FA. Interestingly, our results showed a
positive correlation between leptin concentrations and
poorer cognitive flexibility, as measured by WCST and TMT
performance, in GD patients with FA. Some studies focusing
on populations of lean body mass have suggested a possible
protective factor of this adiponectin (Holden et al., 2017;
Lieb et al, 2009), while poorer cognitive performance
(specifically in cognitive flexibility and other executive
functions) has been related to elevated circulating leptin
concentrations in individuals with overweight (Labad et al.,
2012). Considering that leptin has an influence on hippo-
campus-dependent learning and memory (Harvey, Solo-
vyova, & Irving, 2006) and that the hippocampus has been
related to cognitive flexibility (Leirer et al., 2010), these re-
sults as a whole may suggest that leptin resistance could be
involved in the impairment of cognitive flexibility in GD
patients with FA (Gunstad et al., 2008).

Recent studies have reported a potential association be-
tween leptin concentrations and neuropsychological per-
formance, particularly involving measures of inhibitory
control (Wollenhaupt et al., 2019). Interestingly, the results
of the present study also demonstrate a positive correlation
of leptin concentrations with deficits in inhibitory control, as
measured by the SCWT, in patients with FA. Taking all the
above into account, the relationship between adjusted leptin
concentrations and measures related to impulsivity is highly
suggestive, especially when observed in the FA+ group (with
higher BMI) and not in the FA-group. Although future
studies are warranted to further clarify its role, the results
would be in line with the hypothesis that leptin signaling
could underlie impulsivity-related dysfunctions in patients
with GD and co-occurring FA. Moreover, these results may
also contribute to the ongoing debate on the theory and
classification of FA. In this regard, the potential involvement
of neurobiological factors in the development of impair-
ments in dopaminergic pathways that regulate neural sys-
tems associated with reward sensitivity and incentive
motivation in FA can reinforce its conceptualization as an
addictive disorder.

Individuals with GD, with versus without FA, had higher
scores in general psychopathology and emotion dysregulation,
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consistent with previous studies (Etxandi et al., 2021; Jiménez-
Murcia et al.,, 2017). FA-related behaviors have been proposed
as maladaptive responses to emotional distress, with serious
metabolic and clinical implications (Etxandi et al, 2021).
Bearing in mind the involvement of leptin signaling in
the potential development of anxiety-related behaviors (Liu,
Guo, & Lu, 2016), the positive correlation between leptin
concentrations and emotion dysregulation and phobic anxiety
results resonate with prior findings. Although preliminary,
these findings suggest that leptin could be a biological
mechanism related to the higher emotion dysregulation found
in patients with GD and FA.

Noticeably, in the present study no significant alterations
in other endocrine factors concentrations (i.e., ghrelin,
LEAP-2, and adiponectin) were identified between GD pa-
tients with and without FA. It is very suggestive that in a
previous study of our group comparing the same hormones
between patients with GD and healthy subjects, differences
were observed in ghrelin and adiponectin signaling, but not
in leptin concentrations, adjusted for BMI (Etxandi et al.,
2022). This finding leads us to hypothesize that leptin could
play a specific role in FA, independent of GD, that involves
specific neuropsychological and psychopathological do-
mains, including impulsivity, cognitive flexibility, and
inhibitory control.

In sum, our results suggest that leptin is linked to FA in
patients with GD, underlying clinical and neuropsycholog-
ical characteristics that exist when adjusting for BMI and
other potential confounders. Leptin appears linked to more
severe GD symptomatology in the FA+ group. Although
promising, these preliminary exploratory results would
benefit from more investigation into leptin signaling dis-
turbances in patients with GD and FA.

Strengths and limitations

Some limitations should be considered when interpreting
the results of this study. The cross-sectional nature of the
study precludes causal attributions. Future longitudinal
research is needed to better characterize a role for leptin in
co-occurring GD and FA. The sample was principally
composed of treatment-seeking males with GD referred to a
specialized unit. The extent to which these findings gener-
alize to other populations, including women with GD,
warrants direct investigation. However, the percentage of
women in the study is consistent with those in treatment-
seeking GD samples. The last limitation is the lack of
analysis for potential interaction effects (this was not an
objective of the study). Given the pioneering nature of the
work, as well as the large number of variables considered
(particularly for the neuropsychological area), the number of
the potential moderation parameters was too large. We
considered more appropriate to provide the results of this
first study, aimed to explore and identify the key endocrine
and neuropsychological variables within the GD profile, and
to plan future studies with larger samples and a limited
number of measures (those selected as the most relevant and
therefore candidate to analyze the moderation effects).

Some strengths of the present study include a sizable
sample, the well-characterized clinical and neuropsychological
assessments, and the adjustment of analyses for potential
confounding factors. Also, we used several measurement
tools, including global scales and subscales, which provide a
broad visualization of the psychopathological and functional
profile for the patients.

CONCLUSIONS

The present study provides insight into possible underlying
endocrine dysfunctions related to reward processing in FA
among patients with GD. Despite its cross-sectional design,
this study suggests that leptin signaling may underlie clinical
and neuropsychological aspects, especially in terms of
impulsivity, cognitive flexibility, and GD severity in the
subgroup with FA, with potential therapeutic implications.
Future research in this area may contribute to a better un-
derstanding of the biology of GD and FA, as well as to the
development of more specific psychological and biological
treatment strategies in this clinical population.
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4.3. Estudio 3

Titulo del articulo: Caracteristicas clinicas de los pacientes con trastorno de
juego cony sin adiccion alacomida: Consideraciones relacionadas con el sexo.

Resumen:

Introduccion: Si bien la adiccion a la comida (FA) es una entidad debatida, que
actualmente no esta reconocida como un diagnéstico formal, comparte carac-
teristicas con otras adicciones, como el trastorno de juego (TJ). Sin embargo,
la prevalenciade la FA en el TJ y los correlatos clinicos de su comorbilidad no
se conocen completamente, especialmente en relacion a posibles diferencias
entre hombres y mujeres.

Objetivos: Estudiar las caracteristicas clinicas diferenciales en pacientes con
TJ que presentan FA.

Métodos: Se llevé a cabo un estudio observacional transversal. La muestra
incluyd 867 pacientes diagnosticados de TJ (798 hombres y 69 mujeres) que
acudieron a una unidad especializada en adicciones conductuales. La comor-
bilidad con FA fue evaluada a través de la escala YFAS 2.0.

Resultados: Se observé FA en el 8,3% de los pacientes con TJ (18,8% de las
mujeres, 7,4% de los hombres). La presencia de FA se asocié con una mayor
psicopatologia generaly evitacion del dafio, mayores indices de masa corporal
y menor autodireccion y cooperatividad. En las mujeres, FA se asocié a una
mayor duracion del TJ. En los hombres, FA se asocié a un inicio mas temprano
y auna mayor gravedad del TJ, asi como al consumo problematico de alcohol.
Entre los pacientes con TJ, FA se asocidé con patrones de juego sugestivos de
un TJ mas prolongado o grave en ambos sexos.
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Discusion: El cribado y abordaje de FA en pacientes con TJ puede ayudar a
optimizar enfoques preventivos y terapéuticos. Estudios futuros deberian con-
siderar la posibilidad de instaurar pautas para mejorar los habitos alimentarios
saludables, aumentar el ejercicio fisicoy trabajar en estrategias adaptativas de
afrontamiento ante el estrés y otras emociones negativas con el fin de abor-
dar FAenTlJ.
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Abstract

Although food addiction (FA) is a debated condition and it is not currently recognized as a
formal diagnosis, it shares features with other addictions, such as gambling disorder (GD).
However, the prevalence of FA in GD and the clinical correlates are incompletely under-
stood, especially within women versus men. To investigate FA in patients presenting with
GD. The sample included 867 patients diagnosed with GD (798 males and 69 females)
attending a specialized behavioral addictions unit. FA was observed in 8.3% of GD patients
(18.8% of women, 7.4% of men). More psychopathology and harm avoidance, greater body
mass indices and less self-directedness and cooperativeness were associated with FA. In
women, FA was associated with a longer GD duration. In men, FA was associated with
earlier GD onset, greater GD and problematic alcohol use severities. Among patients with
GD, FA was associated with more psychopathology and gambling patterns suggestive of
more protracted or severe GD. Screening for and addressing FA condition in patients with
GD may help optimize preventive and therapeutic approaches. Future studies should con-
sider testing guidelines to improve healthy eating habits, increase physical exercise and
better manage stress and other negative emotions in order to target FA in GD.
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Introduction

Gambling disorder (GD) is considered a behavioral addiction and defined as a persistent
and recurrent maladaptive pattern of gambling behavior associated with impaired function-
ing in personal, social, and occupational domains (APA, 2013; Fauth-Biihler et al., 2017,
Potenza et al., 2019). GD frequently co-occurs with other psychiatric disorders includ-
ing substance use, mood, anxiety and personality disorders (Grant & Chamberlain, 2015;
Karlsson et al., 2019; Kim et al., 2018; Petry et al., 2005; Tackett et al., 2017). Although
food addiction (FA) is not a formal diagnostic entity, a possible association between GD
and FA has been suggested (Jiménez-Murcia et al., 2017). The prevalence of FA has been
estimated at 7.8% in individuals with GD, and an association between body mass index
(BMI) and FA symptomatology has been described for patients with GD (Granero, Jimé-
nez-Murcia, et al., 2018).

At least two frameworks have been proposed when conceptualizing FA: addictive-like
eating and substance-based addiction models (Fernandez-Aranda et al., 2018; Hebebranda
et al., 2014; Schulte et al., 2017). This lack of consensus may in part contribute to FA
not being considered as a formal mental disorder in the current editions of the Diagnostic
and Statistical Manual (DSM-5) or the International Classification of Diseases (ICD-11)
(APA, 2013; The World Health Organisation, 2019). The substance-based addiction frame-
work purports that some foods, especially palatable ones with large amounts of processed
sugars and fats, may promote both overeating and addictive-like behaviors by activating
brain reward systems (Schulte et al., 2015a). Therefore, FA may show similarities with
other addictions, such as substance use disorders (SUDs) (Gearhardt et al., 2011; Schulte
et al., 2015b). Proposed similarities include a preoccupation with obtaining the desired
substance, the development of tolerance, abstinence, excessive use, difficulties reducing
consumption despite negative physical and psychological consequences and similar neural
processes (Carter & Davis, 2010; Gearhardt et al., 2011; Volkow et al., 2011,Fletcher &
Kenny, 2018; Gordon et al., 2018; Pursey et al., 2019).

Given GD’s classification as a behavioral addiction, common features between FA
and GD may exist (Jiménez-Murcia et al., 2017). Both are associated with difficulties in
controlling behavior (Hardy et al., 2018; Saunders et al., 2017), and impaired executive
functions (Mestre-Bach, Fernidndez-Aranda, et al., 2020a; Steward et al., 2018). As with
GD, psychopathology has been associated with FA (Burrows et al., 2018; Jiménez-Murcia
et al., 2019). As well, GD and FA may involve maladaptive emotional regulation, engag-
ing in gambling or eating for negative reinforcement motivations; i.e., to alleviate negative
emotions (Innamorati et al., 2017; Mestre-Bach, Fernandez-Aranda, et al., 2020b). Finally,
impulsivity is another common feature between both disorders (Kandeger et al., 2019;
Mestre-Bach, Steward et al., 2020), that has been highly associated with the development
and maintenance of behavioral addictions (Lee et al., 2019), considering the tendency to
respond with little forethought with the maladaptive behaviors, in spite of the negative
later repercussions(Grant & Chamberlain, 2020). Same characteristics has been found in
binge-related impulsive behaviors presents in Bulimia Nervosa and Binge eating disorders
(Treasure et al., 2020), that has also been related with FA (Jiménez-Murcia, Agiiera, Pasla-
kis & Munguia, 2019; Penzenstadler et al., 2018).

Differences between GD and FA have also been described. For example, GD is more
frequently observed among men, although the gender gap appears to be narrowing (Abbott
et al., 2018; Subramaniam et al., 2015). Gender-related differences in types of gambling,
age of onset and other features have been reported in GD (Zakiniaeiz et al., 2017). In
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contrast, FA is more frequently observed among women (Pursey et al., 2014). Women
as compared with men are also more likely tendencies to engage in addictive behaviors
and eating for negative reinforcement motivations that include coping with stress, depres-
sion and anxiety (Zakiniaeiz & Potenza, 2018). Thus, there is a need to consider gender in
understanding how FA may relate to clinical features in GD patients.

Although these two clinical entities have begun to be studied together, gender, person-
ality traits and psychopathology have been scarcely investigated in GD individuals with
and without FA. In the study from Jimenez-Murcia et al. (2017), the comorbidity between
FA and treatment-seeking patients with GD was related to poorer emotional and psycho-
logical states. Being female and younger were two condition more associated with the co-
occurrence of FA and GD. Regarding personality traits, high scores in harm avoidance and
self-transcendence, and low scores in cooperativeness were associated with a higher risk of
presenting FA among subjects with GD. However, the authors did not find significant dif-
ferences in age of onset, duration of gambling problems or drug use among others, between
participants with GD and those with comorbid FA.

Therefore, the present study aimed to assess the clinical correlates of FA among GD
patients, considering personality features, psychological state or substance consumption,
examined in men and women separately, anticipating potential gender-related differences
as the literature points out. Our main hypothesis is that the presence of FA among GD
would be associated with worse clinical profiles, greater psychopathology and more severe
GD. We also anticipated more frequent FA among women (versus men) with GD.

Methods
Participants

The study sample consisted of 867 GD patients including 798 men and 69 women. Par-
ticipants were referred for treatment to the Pathological Gambling Unit in the Psychiatry
Department at a General University Hospital, in Spain, between May of 2016 and June
of 2020. This hospital is part of the Spanish Public Assistance Network and of a Public
University Campus, having its own research institute. It is the local reference center for a
population of around 343,000 inhabitants and the territorial tertiary reference center for
more than 2 million people. Participants were diagnosed according to the DSM-5 (APA,
2013) criteria for GD by clinical psychologists and psychiatrists with more than 20 years
of experience in the field of behavioral addictions and eating disorders. None met DSM-5
diagnostic criteria for any current eating disorder, being a comorbid diagnostic of ED an
exclusion criteria for the present study.

Measures

The South Oaks Gambling Screen (SOGS) (Lesieur & Blume, 1987) is a 20-item screen
for problem gambling behaviors and consequences during the prior twelve months. The
total score reflects problem gambling severity, with a score of 4 or more indicating prob-
lem gambling. The Spanish validation of the scale achieved very good psychometric results
in the adaptation study (test-retest reliability R=0.98, internal consistency a=0.94 and
convergent validity R=0.92) (Echeburta et al., 1994). The internal consistency for this
scale in the study sample was adequate («=0.74).
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The Diagnostic Questionnaire for Pathological Gambling (Stinchfield, 2003) is a self-
report questionnaire with 19 items coded in a binary fashion (yes-no) that permits assess-
ing DSM-IV (American Psychiatric Association, 2010) and DSM-5 (APA, 2013) diagnos-
tic criteria for GD. Itwas used in the present study for assessing GD. Based on the DSM-5
taxonomy, several GD-related measures may be generated: thepresence/absence of each
DSM inclusion criterion, the presence/absence of GD diagnosis, a dimensional measure of
problem gambling severity (total number of DSM criteria, obtained as the sum of the indi-
vidual criteria), and GDseverity grouped in four levels [non-problem gambling (0 criteria),
problem gambling (for 1-3 criteria), mild GD (4-5 criteria), moderate GD (6-7 criteria)
and severe GD (8-9 criteria)]. The Spanish adaptation of the questionnaire obtained sat-
isfactory psychometric properties: internal consistency with a Cronbach’s alpha equal to
0.95 for the combined sample, satisfactory convergent validity (moderate to large correla-
tions with other measures of problem gambling severity), and high discriminative capacity
(sensitivity =0.92 and specificity =0.99) (Jiménez-Murcia et al., 2009). The internal con-
sistency for this scale in the study sample was good (o«=0.80).

The Symptom Checklist-90-Revised (SCL-90-R) (Derogatis, 1994) is a 90-item self-
report questionnaire measured on an ordinal 3-point scale that evaluates a broad range of
psychological problems and symptoms of psychopathology by measuring nine primary
symptom dimensions: Somatization, Obsession-Compulsion, Interpersonal Sensitivity,
Depression, Anxiety, Hostility, Phobic Anxiety, Paranoid Ideation, and Psychoticism. It
includes three global ratings, named global severity index (overall psychological distress),
positive symptom distress index (the intensity of symptoms), and positive symptom total
(self-reported symptoms). The global severity index can be used as a summary of the test.
The validation of the scale in a Spanish population (Derogatis, 2002) obtained a mean
internal consistency of 0.75 (coefficient alpha). The internal consistency in the study was
excellent for the global ratings (a«=0.98) and the one for the subscales range from adequate
to excellent («=0.80 for Paranoid Ideation to «=0.92 for Depressive).

The Temperament and Character Inventory-Revised (TCI-R) (Cloninger, 1999) is a
questionnaire with 240 items scored on a 5-point Likert scale, which measures personality
factors related to three character dimensions (Self-Directedness, Cooperativeness, and Self-
Transcendence) and four temperament dimensions (Harm Avoidance, Novelty Seeking,
Reward Dependence and Persistence). Evaluation of the Spanish revised version (Gutiér-
rez-Zotes et al., 2004) had an internal consistency of 0.87 (coefficient alpha). The internal
consistency in this study for the subscales ranged from adequate to very good (x=0.70 for
Novelty Seeking to a=0.87 for Self-Directedness).

The Yale Food Addiction Scale 2.0 (YFAS-2) (Gearhardt et al., 2016) is a 35-item self-
report questionnaire for measuring FA during the prior year. The original YFAS was based
on the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) (APA, 2010)
criteria for substance dependence and was adapted to the context of food consumption. The
YFAS-2 is based on DSM-5 criteria for SUDs (APA, 2013) and evaluates 11 symptoms.
Two measurements may be calculated: (a) a continuous symptom count score reflecting
the number of fulfilled criteria (ranging from 0 to 11), and (b) a FA threshold based on
the number of symptoms (at least 2) and self-reported clinically significant impairment or
distress. This final measurement allows for the binary classification of FA (present versus
absent). Based on the revised DSM-5 taxonomy, it is possible to establish severity cut-offs:
mild (2-3 symptoms), moderate (4—5 symptoms), and severe (6—11 symptoms). The Span-
ish validation of the YFAS-2 (Granero, Jiménez-Murcia, et al., 2018) generated an internal
consistency of 0.94 (coefficient alpha). In this study, internal consistency for the total score
was excellent (o= 0.96).
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The Alcohol Use Disorders Identification Test (AUDIT) (Saunders et al., 1993) is a
10-item screening questionnaire for hazardous alcohol consumption. It includes questions
about the amount and frequency of drinking, alcohol dependence, and problems caused by
alcohol. A score of 8 or more is considered to indicate harmful alcohol use and a score of
12 or more in women (15 or more in men) is likely to indicate alcohol dependence. This
questionnaire has shown adequate validity in Spanish samples (Delgado, 1996).

The Drug Use Disorders Identification Test (DUDIT) (Berman et al., 2003) is an
11-item self-administered instrument to identify non-alcohol drug use patterns and related
problems in individuals likely to meet criteria for a substance dependence diagnosis. The
total score can range from O to 44 (as a result of the sum of the 11 items scored from O to
4); higher scores reflect more severe drug use problem. The first nine items are scored on a
5-point Likert scale ranging from O to 4, and the last two are scored on 3-point scales (val-
ues of 0, 2, and 4).

Other variables, including sociodemographic variables and other gambling-related
measures (e.g. age of onset and duration), were obtained via face-to-face clinical inter-
views. The interviews also assessed participants’ educational attainment. Socioeconomic
status was assessed using the Hollingshead Four Factor Index of Socioeconomic Status
(Hollingshead, 2011).

Procedure

All participants in our sample voluntarily sought treatment for GD. Experienced psycholo-
gists and psychiatrists conducted two face-to-face clinical interviews, before and after com-
pleting study instruments. The first visit was a clinical interview, in which the medical/psy-
chiatric history was assessed, and the subsequent visit consisted of an interview to report
the results of the tests and information about the treatment, according to their clinical char-
acteristics and factors associated with GD.

The participants included in this study met criteria for GD and did not present other
comorbid behavioral addictions and did not receive any compensation for participating in
the study.

Statistical Analyses

Statistical analysis was conducted with Statal6 for Windows (Stata-Corp, 2019). Between-
group comparisons for personality (TCI-R), psychopathology (SCL-90R), substance use
and BMI measures were based on analysis of variance adjusted for age (ANCOVA) (gen-
der was not considered as a covariate because results stratified for men and women were
obtained). Effect sizes for mean differences were estimated through Cohen’s d coefficient,
poor-low for Id1>0.20, mild-moderate for IdI>0.50 and large-high for IdI>0.80 (Kelley &
Preacher, 2012). Between-group comparisons for categorical variables were based on
logistic regression also adjusted for age. Type-I error related to multiple comparisons was
controlled using the Finner’s method, a family-wise procedure with higher power than a
Bonferroni correction (Finner & Roters, 2001).

Path analysis was used to assess the set of relationships between gender, age, the per-
sonality domains of self-directedness and harm avoidance, FA severity, global psycho-
pathological distress and gambling preference. Path analysis constitutes an extension of
multiple regression modeling, used with the aim of estimating magnitudes and significance
of simultaneous associations in a set of variables, including direct and indirect effects
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(mediational links) (Kline, 2005). This technique is currently used for both exploratory and
confirmatory purposes, and therefore it contributes to theory testing and theory develop-
ment (MacCallum & Austin, 2000). This study modeled path analyses through structural
equation modeling (SEM), with the maximum-likelihood estimation method. Goodness
of fit was assessed with standard indexes, and it was considered adequate fitting (Bar-
rett, 2007) for: non-significant result in the chi-square test (Xz), root mean square error of
approximation RMSEA <0.08, Bentler’s Comparative Fit Index CFI> 0.90, Tucker-Lewis
Index TLI>0.90, and standardized root mean square residual SRMR <0.10. Global pre-
dictive capacity was estimated with the coefficient of determination (CD).

Ethics

The present study was conducted in accordance with the latest version of the Declara-
tion of Helsinki. The General University Hospital Clinical Research Ethics Committee
approved the study, and signed informed consent was obtained from all participants (Ref:
PR329/19).

Results
Sample Characteristics

Most patients were single (n =454, 52.4%) or married (n=313, 36.1%), achieved primary
(n=460, 53.1%) or secondary (n=331, 38.2%) education levels, were of medium-low or
low socioeconomic status (n=723, 83.4%) and were employed (n=527, 60.8%). Mean age
was 40.5 years (SD=13.8). Most patients reportedonly non-strategic gambling (n=449;
51.8%), and 26.1% (n=226) and 22.1% (n=192) reported only strategic gambling and
both gambling forms, respectively. Strategic gambling activities are those wherethe gam-
bler can use knowledge of the game to influence or predict the outcome, while nonstrategic
gambling implies little or no possibility of influencing the outcome (Potenza et al., 2001).
The gambling activity reported as the main reason for seeking treatment in the sample was
slot-machines (60.1%), followed by casino or gambling saloons (24.7%), sports-betting
(16.0%), and lotteries (14.4%).

Comparison Between Patients with Positive Versus Negative FA Screening

Seventy-two participants (8.3%) screened positive for FA. FA was observed among 18.8%
of women and 7.4% of men. Table 1 contains the comparison for individuals with negative
versus positive FA screening, stratified by gender (separate comparisons were performed
for women and men due the potential moderator role of gender). Among women, FA was
associated with harm avoidance, less self-directedness and cooperativeness, greater psy-
chopathology and higher BMI. Among men, FA was associated with harm avoidance and
self-transcendence, less self-directedness and cooperativeness, greater psychopathology,
greater alcohol use problem severity and higher BMI.

Table 2 includes the prevalence of patients outside the normative ranges for the main
psychological variables of the study (estimates represent proportions of participants in
subclinical or clinical severity levels). Among women, FA was associated with obesity,
greater psychopathology and more self-directedness. Among men, FA was associated

@ Springer



Journal of Gambling Studies

#1°0 LyT 818 08¢ 199 SLT 0’0 oze 000 01°0 0 STT (re101 L1IanQ) ssnig
620 +110° 1¢'8 STL 89°G 0TS €0 ¥ST L8'1 90'1 0% e (Te101 LIANV) 104091V
10°0 ST6° el 1€°6 06°01 S¥'6 61°0 1€ LL'ET SS'L ISTI 16'6 (Kep/saperesio) 000eqo],
1780 +100° IL0 LET 960 S| £€°T %100 19°0 68'C 090 80°C 21008 TASd Y06-T1DS
9L°0 %100° 9881 €0'C9 96°1¢C wor JI8°0 +810° 96°S1 16°S9 91'0¢C 0T'1S 21008 1.Sd ¥06-1DS
16°0 %100 €8°0 Ll 89°0 €0'1 ST «100° $9°0 €I'e L0 8T'1 21008 ISD ¥06-10S
108°0 %100 S6°0 LS'T SLO 680 1760 %L00 0L°0 89'1 780 86°0 on0yoAsd 06108
FLO %100° 66°0 09'1 080 ¥6°0 €T %100 980 17T ¥8°0 60T prouered J06-10S
JEL°0 %100° 060 L60 19°0 wo 1S8°0 %100° 60'1 STl 160 ¥$°0 Korxue 219014 Y06-"1DS
190 %100 01’1 €Sl #8°0 ¥6'0 20T %200° €L'0 L9'1 8L°0 060 A1nmsoH Y06-10S
169°0 %100 86°0 651 8L°0 L60 OT'T +100° Lo 90'C 780 0z'1 K1erxuy J06-10S
SL0 %100° €6°0 0TC 760 0S'T 1560 %S00 780 YL'T 00'T L8'T aatssardo Y06-10S
1L8°0 %100° S6°0 YL 080 L60 €T %100° 780 €T 680 11 oATISuas “d1aiu] Y06-"1DS
1L6°0 %100 €6'0 €6l LLO Il 1060 «$00° 66'0 91'C L8°0 4! dwoo/2A1889590 Y06-"1DS
SL0 %100 66'0 ¥S'1 9L°0 680 SO°T %100 68°0 ¥€'T 060 or'l uoneznewos J06-1I0S
910 +100° LT L'L9 Y1 19 8¢°0 ST TII ¥'L9 L€l L9 90USPUAISUBIL, Y-TDL
6£°0 %200 881 6'CCl 961 9'621 1§90 %S€0° 8¢l €6l Tl L'LET ssauoAnesedoo) JY-IOL
1§90 %100° 881 LT TIC ¥'0€1 00T %€00° L'81 8801 90T ¥'8C1 SSQUPRIORIIP-J[S Y-IDL
S0 8TT Lte 1501 S8l 7801 01°0 6cL LT ¥'€01 I'81 $'S01 oudsISIDd Y-IDL
710 vee 191 ¥'S6 8¢l €L6 110 €9L 901 866 Lyl 1’101 puadop premdy ¥-1DL
185°0 %100° 29! ¥'L01 8°GI 7'86 16870 *9h0° TLI €8Il vLI 7’801 Qoueproae wreq ¥-1DL
LO0 TLE STl 8ITT 0°€l 60711 61°0 G8¢s’ 88 #'901 Tl €80T Suryess K)[0AoN J-IOL

Pl d as uBoN as LS Pl d as uBsN[ as LS

(6s=w)+Vd 6£L=U)—Vd (€1=w+vd (9s=w)—v4q

USIA UQWIOA

SQINSBAW V] Y} YIIM SO[QRLIBA [EOIUI[O PUB Y US9M]Oq SUONBIOOSSY | d|qeL



(%2}
o}
2
5
>
(%)
(NN}
(a4
>
(%)
@]
S
T
L
>
4
<
(a4
=
<
>

Journal of Gambling Studies

a3k 9JeLIBA0D ) Aq pajsnipe s)nsay

(08°0 <IP1) US1y-a5.e] 0) (0S"0 <[P|) IBISPOUI-P[IUI SFULT SY) OIUT JZIS JOOYJ3 :p[og
(19A9] 60°) 11ouwrered JueoyIugis :pjogs

1891, UONBIYNUAP] SIAPIOSI 3s() Sni LIANA

1S9, UOTIBOYNUAP] SIOPIOSI(T 9S) [OYOITY LIANV

PASIASY-(6-ISTPPAYD woydwAS J06-TIS

PasIAY — K10judAU] J9)orIey)) pue juoweredwa], -1DL

Suruearos aAnsod uondIPpE pooy : + V. ‘SUIUAAIdS 9AT)ESOU UOTIIIPPE POOJ : — V. ‘UOIBIASD pIepuels (S

(;w/3y) xoput ssew Apog

L0 %100° L8'9 ¥€°0¢ Sey 80'9C 1£6°0 %200" 689 433 96'S €v'LT
Pl d as uedy as L) Pl d as ueaN as L)
(66=1W+Vd 6£L=1)—Vd (ET=w+Vd (9s=w)—vAd
UIIN UWIOA

(ponunuod) | 3jqer

pringer

AN's



Journal of Gambling Studies

Table 2 Comparison of clinical measures by gender and FA status

Women Men

FA—-(n=56) FA+(n=13) FA—-(n=739) FA+(1n=59)

n % n% p ldl n % n % p 7]
GD (8-9 DSM-5 criteria) 30 53.6 8 61.5.603 0.16 354 479 42 712 .001% 0.51°
Obesity (BMI>30) 18 32.1 9 69.2.014% 0.76" 129 175 32 54.2 .001% 0.79"
SCL-90R Somatization 22 393 10 76.9 .013* 0.78" 288  39.0 41 69.5 .001* 0.627
SCL-90R Obsessive/comp 24 429 10 76.9 .027% 0.717 304  41.1 46 78.0 .001* 0.77°
SCL-90R Interp. sensitive 30 53.6 11 84.6.040% 0.69" 323 43.7 48 81.4 .001* 0.80°
SCL-90R Depressive 30 53.6 12 92.3.010% 0.94" 439 594 47 79.7 .001% 0.50°
SCL-90R Anxiety 17 304 10 76.9 .002% 0.97" 321 434 41 69.5 .001* 0.537
SCL-90R Hostility 14 25.0 10 76.9 .001* 1.09" 207 28.0 31 52.5 .001* 0.51°
SCL-90R Phobic anxiety 13 23.2 7 53.8.028% 0.647 196 265 37 62.7 .001% 0.75
SCL-90R Paranoid 23 41.1 11 84.6 .005% 0.947 219  29.6 36 61.0 .001* 0.64"
SCL-90R Psychotic 30 53.6 12 92.3.010% 0.94" 363  49.1 45 76.3 .001% 0.57°
SCL-90R GSI score 31 554 13 100.0 .003* 1.46" 419 56.7 50 84.7 .001* 0.63"
SCL-90R PST score 35 625 11 84.6.128 0.517 420 568 48 81.4 .001* 0.54°
SCL-90R PSDI score 8 143 8 61.5.001* 1.03" 160 21.7 31 52.5 .001% 0.65
TCI-R Novelty seeking 30 53.6 4 30.8.138 0.47 324 438 22 37.3 328 0.13
TCI-R Harm avoidance 28 50.0 7 53.8.803 0.08 263 35.6 33 55.9 .002* 0.41
TCI-R Reward depend 21 375 6 46.2.565 0.18 260 35.2 25 424 267 0.15
TCI-R Persistence 16 28.6 6 46.2.220 0.37 267 36.1 25 424 338 0.13
TCI-R Self-directedness 41 732 12 923 .142 0.53" 465 629 47 79.7 .010% 0.37
TCI-R Cooperativeness 16 28.6 6 46.2.220 0.37 277 375 37 62.7 .001% 0.51°
TCI-R Transcendence 16 28.6 4 30.8 .875 0.05 286 38.7 19 322 323 0.14
SD: standard deviation; GD: gambling disorder
FA —: food addiction negative screening. FA+: food addiction positive screening. BMI: Body Mass

Index

SCL-90R: Symptom Checklist-90-Revised

TCI-R: Temperament and Character Inventory-Revised

*Bold: significant parameter (.05 level)
"Bold: effect size into the range mild-moderate (ldI> 0.50) to large-high (ldI> 0.80)

Results adjusted by the covariate age

with higher GD severity, obesity, greater psychopathology, more self-directedness and
harm avoidance and less cooperativeness.

Table S1 (supplementary) contains the comparison between patients with negative
versus positive FA screening for socio-demographics, gambling profile, and problem
gambling severity measured as the total number of DSM-5 criteria for GD and SOGS
scores. Among women, FA was associated with lower socioeconomic status, unemploy-
ment, non-strategic gambling preference, and longer durations of gambling problems.
Among men, FA was associated with higher socioeconomic status, greater GD severity

and earlier age of onset of gambling.
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Fig.2 Path diagram with the results of the structural equation model (n=_867). Note Only significant coef-
ficients were retained in the model

Figure 1 displays a radar chart with the profiles related to FA, separately for women and
men. Standardized scores are plotted in this graphic to allow easy interpretation as original
scales had different ranges.

Path Analysis

Figure 2 displays a path diagram with standardized coefficients obtained in the path analy-
sis (Table S2 includes the complete results for this model, including tests for direct, indi-
rect and total effects). Only significant coefficients were retained in the final model. Only
two personality domains were retained (self-directedness and harm avoidance) because
the other TCI-R scales did not achieve significant effects. Adequate goodness-of-fit was
achieved: XZ: 10.71 (p=0.296), RMSEA=0.015 (95% confidence interval: 0.001 to
0.043), CFI=0.999, TLI=0.997, and SRMR =0.019. Global predictive capacity was also
good (CD=0.299).

FA severity level (defined as the YFAS-2 total score) was higher for women and par-
ticipants with lower self-directedness scores and higher harm avoidance level. Both per-
sonality domains also showed mediational links between gender and age with FA severity:
being female was associated with decreased self-directedness and increased harm avoid-
ance, while older age was associated with increased harm avoidance. Path analysis also
suggested that FA levels led to higher psychopathology, which also was directly related to
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lower self-directedness and higher harm avoidance. Gambling preference was also directly
related to age, with older age linked to preferences for non-strategic gambling.

Discussion

The present work studied among GD patients, clinical features associated with FA
in women and men. The prevalence of FA in the total sample was 8.3% (18.8% among
women, 7.4% among men), similar than the 7.8% reported in other similar studies (Gran-
ero, Jiménez-Murcia, et al., 2018). Besides, this percentage is lower than the one corre-
sponding to the presence of FA in non-clinical population (Gearhardt et al., 2016), the
study of the common features between both disorders responds to the similar aspects
involved in the addictive process, already mentioned in the literature (Innamorati et al.,
2017; Jiménez-Murcia et al., 2017; Mestre-Bach, Steward, et al., 2020).

Although no relation between FA and age was found, significant differences in socio-
economic level and employment state were evidenced only among women. In this vein,
women with FA had lower socioeconomic status and unemployed. Higher scores in general
psychopathology and certain personality traits, namely higher harm avoidance and lower
self-directedness and cooperativeness were found in both genders. However, men with FA
presented higher self-transcendence, although a numerical difference in the same direction
with a similar effect size was observed in women, suggesting a similar relationship in the
smaller female sample. Regardless of gender, FA was associated with a higher BMI and
obesity. Association between FA and types of gambling were largely negligible. Implica-
tions are discussed below.

Although a higher prevalence of GD is described in men than women (Blanco et al.,
2006; Husky et al., 2015), previous studies have reported that women are more likely to
engage in FA behaviors (Schulte & Gearhardt, 2018) and experience abnormal eating and
weight disorders (Jiménez-Murcia et al., 2019; Romero et al., 2019; Schulte & Gearhardt,
2018), with initial studies suggesting similar relationships in patients with GD (Granero
et al., 2018; Jiménez-Murcia et al., 2017). Lower socioeconomic status has been associated
with GD severity among women (Jiménez-Murcia et al., 2020). Higher psychopathology,
particularly depressive and anxiety symptoms, and some specific personality features, such
as low self-directedness and perseverance or high reward dependence, have been linked to
FA in both medical and mental conditions (Brunault et al., 2018; Imperatori, 2014; Wolz
et al., 2016). FA may impact global health, with a special influence on BMI and over-
weight/obesity (Murphy et al., 2014; Meseri et al., 2020). Our findings among GD patients
suggest a poor socioeconomic context and work difficulties (e.g., unemployment), higher
emotional vulnerability (e.g., anxiety and depressive symptoms, particularly for women)
and poor adaptive coping strategies to deal with stress (e.g., higher harm avoidance and
lower self-directedness and cooperativeness) may characterize GD patients with FA.

Regarding clinical features, women with GD and FA had higher duration of GD in com-
parison with those who did not fulfill FA criteria. Male patients with both disorders were
characterized by lower age of onset and higher severity of the GD. These results differ
from previous studies were no differences in age of onset and duration of GD were found
among patients with GD and FA (Jiménez-Murcia et al., 2017). Moreover, no significant
differences were found in gambling modality associated with the presence of FA in neither
gender group. Thus, our results could suggest that the presence of FA in patients with GD
might be associated with a more severe GD clinical profile in both genders.
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Both men and women with GD and FA appear to fit the emotionally vulnerable subtype
from the pathway model proposed by Blaszczynski & Nower (2002), and also within the
cluster 2-3 (moderate-functional clusters) described among FA individuals with obesity
by Jimenez-Murcia (2019). In this group of patients, gambling and eating behaviors might
represent potential elements of addiction as these behaviors are seen as strategies to relieve
emotional discomfort they may experience in daily situations, usually perceived as threat-
ening and stressful, or which they may not have the proper skills to manage adequately.
Therefore, the identification of a vulnerable clinical profile at baseline among GD patients
with FA suggests a need for early systematic identification of FA by clinicians. Although
both genders have similarities, this subtype may be especially important among women,
who appear more likely to experience FA, overweight/obesity and fewer socio-economic
resources. Moreover, the creation and/or optimization of specific and individualized social
and therapeutic approaches are needed, taking into account that the lack of social sup-
port, economic difficulties or physical limitations (e.g., related to obesity) may result in
decreased access to medical services. As suggested in previous studies (Jiménez-Murcia
et al., 2019), some approaches may target better nutritional and weight management, but
also emotional regulation and problem-solving strategies to cope with stress may also be
needed.

To the best of our knowledge, this is the first study that analyzes clinical correlates of
FA in GD patients from a gender-informed perspective. The results suggest a negative
influence of FA on GD, in terms of a higher presence of poor prognosis factors for GD in
patients with comorbid FA, that are both similar across genders and differ by gender. With
respect to the latter, a longer duration of the GD was associated with FA in women, and
in men, FA was associated with an earlier age of onset and higher severities of GD and
problematic alcohol use. Of note, some of these differences (particularly with respect to
relationships with GD severity) may also pertain to women, as evidenced by largely similar
effect sizes and the smaller sample of women.

The clinical characteristics associated with FA have been reported as having deleteri-
ous impacts on the course of GD (del Pino-Gutiérrez et al., 2017; Jiménez-Murcia et al.,
2016; Valero-Solis et al., 2018). Low socioeconomic status or co-occurring psychopathol-
ogy (e.g. depression, anxiety) may be particularly relevant to FA in women with GD. These
factors could delay medical consultation for GD, resulting in a longer duration of GD when
receiving a GD diagnosis. In the case of men, early age of gambling onset and problem-
atic alcohol use appear particularly relevant. Previous studies have reported a relationship
between FA and tobacco use among a male predominant sample with GD (Jiménez-Murcia
et al., 2017). Apart from gambling and food, men with GD and FA may also use alcohol as
a mechanism to cope with stress and negative emotions.

FA was more prevalent among women (versus men) with GD. These results suggest
that assessing for FA in treatment-seeking individuals with GD may be particularly help-
ful for women’s health and useful in general for identifying vulnerable patients presenting
with the potential for worse courses of GD. The detection and simultaneous treatment of
co-occurring psychiatric concerns among GD patients is important. Our findings suggest
that the design of specific protocols to detect FA is needed, as is the testing of treatment
approaches used in other care settings for addressing FA in GD populations.

In considering the pathway analyses, relationships between gender and personality fea-
tures with appear mediated by FA. Therefore, the results reinforcement the interpretations
of a specific vulnerable group of GD patients (i.e., women with dysfunctional personality
features) in whom FA may represent a maladaptive way of dealing with higher levels of
psychological distress. Similar conclusions may extend to GD, as has been also proposed
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previously (Di Trani et al., 2017; Jiménez-Murcia et al., 2017), with poor emotional regula-
tion contributing importantly to behavioral addictions (Estévez et al., 2017; Mestre-Bach,
Fernandez-Aranda, et al., 2020b). In thissense, the detection of FA among GD patients
could lead to a greater emphasis on approaches to improve emotional regulation (e.g., with
mindfulness-based or stress-reduction treatments) within GD treatment. The acquisition of
adaptive emotional skills may be translated into a better stress management and reduced
gambling and eating to manage such negative states.

A relationship between age and gambling preferences was found, with preferences for
non-strategic gambling with older age, consistent with prior findings (Potenza, Steinberg,
et al., 2006). Among patients with FA the relationship with GD subtype was only indirect,
and specifically in females. This result is consistent with previous works regarding GD
samples (Assanangkornchai et al., 2016; Odlaug et al., 2011). Men (particularly younger
ones) tend to prefer and have problems with strategic gambling, whereas women (particu-
larly older ones) tend to prefer and have problems with non-strategic gambling (Mora-
gas et al., 2015; Odlaug et al., 2011; Potenza et al., 2001; Potenza et al., 2006; Stevens &
Young, 2010).

Strength and Limits

Strengths of this study, such as the large clinical sample, should be mentioned. To date, this
is the first study to consider FA in GD patients in a gender-sensitive manner. As the sample
consisted of patients treated at a specific unit, assessments were consistently conducted.
However, study limitations should also be mentioned. For instance, the treatment-seeking
sample was from a region of Spain; as such, the findings may not generalize to non-clinical
samples or those from other jurisdictions. The use of self-report assessments for psychi-
atric conditions may decrease reliability. Future studies should consider alternate assess-
ments (e.g., structured clinical interviews). However, as FA remains a debated construct,
its evaluation with a self-report measure is presently most reasonable. Another limitation
of the study was the small sample size for the group of patients who met criteria for FA:
the underpowered statistical accuracy reduces the change of detecting a true effect, repro-
ducibility of the results and generalization capacity. In addition, the cross-sectional nature
of the study did not allow the study of the progression of the concurrent condition of GD
with FA, nor examining the underlying mechanisms contributing to the course of this com-
plex clinical condition.

Conclusions

In conclusion, this study characterizes the clinical profile of GD patients with and
without FA from a gender-informed perspective. GD patients, especially women, with
specific personality characteristics and psychopathology may be particularly prone to
FA. Further, a lower socioeconomic status may also be relevant for women with GD
to experience FA. Speculatively, the findings taken together suggest that GD patients
may engage in FA behaviors to manage high levels of psychological distress. Alcohol
and consumption, early age of onset, and severity of GD may contribute to a worse GD
prognosis in the presence of FA, particularly in men. In women, a longer duration of
GD was linked to FA, suggesting the need for enhancing early intervention efforts to
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improve women’s health. Therefore, these results support the existence of a specific vul-
nerable group of GD patients and suggest the relevance of designing specific screening
and treatment protocol to address FA in GD patients. Further studies are necessary to
increase knowledge about FA and its influence not only in GD, but also in other addic-
tive disorders and mental health conditions. Addressing areas such as underlying mech-
anisms and neurobiological factors related to FA could be helpful for a better under-
standing of this condition and its clinical relevance.
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DISCUSION

La interaccién de factores neuroendocrinos relacionados con la regulacion
del apetito con el sistema de recompensa cerebral, asi como la evidencia de
su implicacién en adicciones a sustancias, hace emerger la hipoétesis, hasta
la fecha no plenamente contrastada, de su posible papel en adicciones con-
ductuales como el TJ u otras entidades englobadas dentro del constructo de
espectro impulsivo-compulsivo,como FA. Con estaidea en mente, el principal
objetivo del presente trabajo es el de profundizar en el conocimiento de la
posible implicacion de alteraciones hormonalesy suinteraccién con variables
neuropsicolégicasy clinicas en el TJ, asi como estudiar lacomorbilidad de dicho
trastorno con FA, tanto a nivel clinico como neurobioldgico.

5.1. Alteraciones neuroendocrinas, clinicas y neuropsicolégicas en
Trastorno de Juego

En el estudio 1 se analizaron las hormonas leptina, grelina, LEAP-2 y adipo-
nectina, por su conocida asociacion con procesos de recompensa e implicacion
en la impulsividad y la compulsividad, en personas con TJ comparadas con
controles sanos. Ademas, se compararon caracteristicas neuropsicoldgicas y
clinicas, asi como su relacién con los factores neuroendocrinos previamente
mencionados. Los individuos con TJ presentaron un perfil endocrino alterado
en comparacion con los controles sanos, tras corregir por IMC, caracterizado
por una mayor concentracion plasmatica de grelinay menor de LEAP-2 y adi-
ponectina, sin diferencias significativas en los niveles de leptina.

El hecho de que los individuos con TJ presentaran niveles mas elevados de gre-
lina es consistente con los resultados de estudios previos en TUS, en los que,
como se hasenaladoenlaintroduccion, se hadescrito un exceso de sefnalizacion
por parte de esta hormona (127) y se ha propuesto su vinculacién a procesos
relacionados con la neurobiologia de la adiccién por su conocida actividad
reforzadora del sistema de recompensa cerebral a través de la modulacién de
la neurotransmision dopaminérgica (146). De esta forma, estos hallazgos se
situarian en la linea de la creciente evidencia que respalda la existencia de un




sustrato neurobiolégico comun entre los TUS y adicciones comportamentales
como el TJ (92), lo cual podria tener potenciales repercusiones terapéuticas.

Ademas, cabe resaltar que los individuos con TJ no sélo presentaron niveles
elevados de grelina en comparacion con el grupo control, sino también con-
centraciones inferiores de LEAP-2, una hormona de reciente descubrimiento
y descrita previamente, con funcién antagénica a la grelina. Este resultado re-
sultainteresante, ya que permite especular con la posibilidad de una potencial
alteracién en el sistema de senalizacién de grelina, en forma de un aumento de
la produccién de grelinay unadisminucidon de laliberacién de LEAP-2, que po-
driajugar un papel enladisfunciénde la activacién del sistema de recompensa
presente enindividuos con TJ. En estalinea, y a pesar de que se requieren mas
estudios para confirmar los hallazgos descritos, estos resultados sugieren la
hipotesis de que LEAP-2 podria constituir una potencial diana terapéutica en
trastornos adictivos como el TJ, y que ejerceria su accién neutralizando el po-
sible efecto perjudicial de la grelina en procesos como el craving, la abstinencia
y las recaidas.

Las concentraciones plasmaticas inferiores de adiponectina en individuos
con TJ en comparacion con sujetos sanos esta en linea con estudios previos
realizados en TUS. Como se ha mencionado previamente, esta hormona esta
ampliamente relacionada con aspectos metabdlicos y se le atribuyen algunas
funciones protectoras por su conocido efecto antiinflamatorio, antidiabético
y antiaterogénico (147). Estos resultados podrian explicar en parte el peor es-
tado metabdlicoy la mayor prevalencia de enfermedades cardiovasculares en
pacientes con trastornos adictivos, como el TJ, que segun la literatura previay
aligual que enlos resultados del estudio 1, también se relacionan con un mayor
IMC (147,148). En cuanto a las concentraciones de leptina, los resultados del
estudio 1 coinciden con los hallazgos de estudios previos en TJ, en los que no
se han descrito alteraciones en la sefalizacién de dicha hormona (137), que si
parece estar implicada intrinsecamente en otros procesos como la adiccion a
la comida, como se discutird mas adelante.



DISCUSION

A nivel neuropsicoldgico, tal y como era esperable teniendo en cuenta la evi-
dencia previa, los individuos con TJ presentaron una menor flexibilidad cogniti-
vay unamayor tendenciaaincurrir en errores perseverativos que los controles
sanos (149). Ademas, y pese a que en el estudio 1 no se alcanzd la significaciéon
estadistica en lacomparacion entre grupos, los sujetos con TJ también presen-
taron una mayor dificultad en el aprendizaje en el lowa Gambling Test, hallazgo
gue estaen linea con trabajos previos en los que se ha descrito una peor capa-
cidad de toma de decisiones en estos pacientes (150). Ademas, los sujetos con
TJ también presentaron un menor rendimiento intelectual estimado, lo cual
podriaestar asociado con una mayor tendencia atomar decisiones arriesgadas
sin tener en cuenta los potenciales efectos nocivos de las mismas (151). Todo
ello dibuja un perfil de funcionamiento neuropsicolégico mas disfuncional en
los individuos con TJ en comparacion con los sujetos sanos, que es compartido
conotros trastornos adictivos y del espectro impulsivo-compulsivo, que podria
explicar en parte su vulnerabilidad para el desarrollo del trastorno. A pesar de
gue el estudio 1 no logré correlacionar de forma significativa los diferentes
factores neuroendocrinos analizados con variables neuropsicolédgicas concre-
tas, consideramos probable que aspectos neurobiolégicos (y potencialmente
factores neuroendocrinos) jueguen un papel en el desarrollo y mantenimiento
de las mismas, por lo que es necesario ampliar en el conocimiento de la inte-
raccién de ambos tipos de factores para entender mejor la etiopatogenia del
trastorno, avanzar hacia potenciales dianas terapéuticas y el desarrollo de
biomarcardores especificos.

En cuanto a otras variables clinicas de interés, destaca que los pacientes del
grupo con TJ presentaron niveles mas elevados de impulsividad y de psicopa-
tologia general, asi como un perfil de personalidad mas disfuncional, caracte-
rizado por un lado por una mayor busqueda de novedad y evitacién al dafioy,
por otro, una menor dependencia alarecompensa, autodireccion, cooperacion
y autotrascendencia. Estos hallazgos se alinean con los resultados de estudios
previos, en los que, como se ha comentado en la introduccion, este perfil de
personalidad se ha asociado con el TJ (24-27). Ademas, existe evidencia que
apunta a que el perfil clinico descrito se asocia una menor edad de inicio y
una mayor severidad del trastorno (152,153). A nivel sociodemografico, los




resultados también son consistentes con trabajos previos. En lineas generales,
tener un menor nivel educacional y menor soporte social se confirman como
factores de riesgo para el desarrollo del trastorno (154).

Por ultimo, cabe destacar que en el modelo predictivo llevado a cabo, las varia-
bles que asociadas ala presenciade TJ en la muestra de este estudio, compren-
dieron factores socioeconémicos (un menor nivel educativo y menor apoyo
social), clinicos (mayor impulsividad y psicopatologia general), relacionados
con la personalidad (niveles mas bajos de autotrascendencia), neuropsicolo-
gicos (peor rendimiento en cuanto a errores perseverativos y menor inteli-
gencia estimada) y neuroendocrinos (menores concentraciones plasmaticas
de LEAP-2). Todo ello ilustra de forma clara la complejidad de la etiologia del
trastornoy la heterogeneidad de los elementos que influyen en su desarrollo
y mantenimiento, dentro de los cuales los factores neuroendocrinos podrian
tener un papel que todavia requiere de mayor investigacion.

5.2. Comorbilidad entre Trastorno de Juego y Food Addiction

Los estudios 2 y 3 se centraron en analizar la comorbilidad entre el TJ y FA,
dos trastornos del espectro impulsivo-compulsivo que comparten multiples
caracteristicas comunes, como la dificultad para el control conductual y déficits
anivel de funciones ejecutivas (86,155). Se investigaron posibles alteraciones
neurobioldgicas y caracteristicas clinicas diferenciales en este subgrupo de
pacientes, con posibles implicaciones terapéuticas.

5.2.1. Alteraciones hormonales asociadas: resistencia a la leptina

En el estudio 2 se evaluaron las diferencias en las concentraciones plasma-
ticas de hormonas reguladoras del apetito entre individuos con y sin FA en
una muestra de pacientes diagnosticados de TJ. Asimismo, se evaluaron las
caracteristicas neuropsicolégicas y clinicas diferenciales en este subgrupo de
pacientes, cuyas implicaciones se discutiran en el siguiente apartado.
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A nivel neuroendocrino, destaca el hallazgo de un perfil alterado en el grupo
de pacientes que presentaba comorbilidad con FA, en forma de una elevacién
de las concentraciones plasmaticas de leptina, una vez corregido por IMC, sin
diferencias en los demas factores endocrinos analizados (grelina, LEAP-2 y
adiponectina). Este aumento de las concentraciones de leptina en pacientes
con FA, que ademas también presentaban un mayor IMC, es consistente con
estudios previos (144). La explicacion de la elevacion de las concentraciones
de leptina en este subgrupo de pacientes podria estar relacionada con la re-
sistencia ala leptina, que, como ya se ha comentado en la introduccién, impli-
caria que dicha hormona no puede ejercer su funcién fisiolégica de supresion
del apetito y podria acabar promoviendo conductas de sobrealimentacion y
consumo compulsivo de comida, a pesar de éstas deriven en consecuencias
negativas para el individuo. En esta linea, es muy interesante observar que en
el estudio 2 se encontrd una correlacion positiva entre los niveles de leptinay
laimpulsividad rasgo, especialmente teniendo en cuenta que estudios previos
yahandescrito unaposible relacién entre la sefializacién de estahormonay la
impulsividad (156). El mecanismo de dicha relacion podria ser la implicacion
de la leptina como modulador de la actividad mesolimbica tanto a través de
receptores dopaminérgicos en el mesencéfalo como, indirectamente, a través
de sus acciones en circuitos hipotaldmicos (157). Siguiendo esta hipdtesis, se
puede especular que en este subgrupo de pacientes la resistencia a la leptina
podria contribuir a disfunciones en dicho sistema de senalizacién cerebral,
condicionando una mayor impulsividad. De forma paralela, en los pacientes
con TJy FA, también se encontré una correlacion significativa entre las concen-
traciones de leptina y diferentes dimensiones neuropsicoldgicas, entre ellas
un peor control inhibitorio (evaluado mediante el Stroop Color and Word Test),
lo que concuerda con trabajos previos, en los que se ha descrito una posible
relaciéon entre los niveles de esta hormona y un deterioro en el rendimiento
cognitivo a dicho nivel (158). Teniendo en cuenta todo lo todo lo anterior, la
relacion entre las concentraciones leptina, corregidas por IMC, y las medidas
relacionadas con la impulsividad (impulsividad rasgo y control inhibitorio) es
muy reveladora, especialmente cuando se observa inicamente en el grupo con
FA (que presentaron mayor IMC). Aunque son necesarios futuros estudios para
aclarar mejor su papel, los resultados obtenidos estarian en consonancia con




la hipotesis de que la sefalizacién de la leptina podria subyacer a disfunciones
relacionadas con la impulsividad en estos pacientes.

Enlos pacientes con TJ y FA, también se encontré una asociacion positiva entre
las concentraciones de leptina con una menor flexibilidad cognitiva. Es intere-
sante resaltar que este no es el primer estudio que evalta la posible implicaciéon
delaleptinaaeste nivel. Asi, trabajos previos obtuvieron resultados similares,
sugiriendo que una menor flexibilidad cognitiva y un peor rendimiento en otras
funciones ejecutivas se relacionarian con concentraciones elevadas de leptina
plasmatica en individuos con sobrepeso (159). En este sentido, cabe recordar
qgue laleptinatiene influencia sobre el aprendizaje y la memoria dependientes
del hipocampo (160), y que esta estructura cerebral se ha relacionado con
la flexibilidad cognitiva (161), por lo que los presentes resultados permiten
hipotetizar que laresistencia alaleptina podriajugar un papel en el desarrollo
o mantenimiento de esta disfuncién en pacientes con TJ y FA.

Ademas, en el estudio 2 también se describe una asociaciéon positiva entre
concentraciones de leptina y variables clinicas como la ansiedad fébica y la
desregulaciéon emocional, en los individuos con FA y TJ. Teniendo en cuentala
posible implicacion de la sefnalizacién de leptina en el desarrollo de conductas
relacionadas con la ansiedad descrita en trabajos previos (162), estos resul-
tados permiten especular con la posibilidad de que la resistencia a la leptina
puede condicionar alteraciones a nivel neurobiolégico, concretamente a nivel
de senalizacion del area tegmental ventral que expliquen, en parte, la elevada
desregulacion emocional en este subgrupo de pacientes.

Por ultimo, es muy interesante observar que en el grupo de personas con FA
y TJ, los niveles de leptina también se correlacionaron positivamente con la
gravedad del TJ. Esta asociacion permite hipotetizar que las alteraciones a nivel
de impulsividad, regulacion emocional y flexibilidad cognitiva relacionadas
con una posible resistencia a la leptina, descritas previamente, podrian tener
un correlato clinico en forma de una mayor severidad del TJ. La naturaleza
transversal del estudio impide, en cualquier caso, realizar asociaciones de
causalidad, pero parece justificada la realizacion de estudios longitudinales
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abordando esta cuestion, ya que podria suponer implicaciones terapéuticas
relevantes para este grupo de pacientes.

Es de destacar que en el estudio 2 no se observaron alteraciones significativas
enlas concentraciones de otros factores endocrinos (grelina, LEAP-2, y adipo-
nectina), entre pacientes con TJy FA, con respecto a aquellos que no presenta-
ban dicha comorbilidad. Tanto la evidencia previa, que como se ha apuntado en
laintroduccién sugiere una implicacion de leptina pero no de otras hormonas
como grelina en FA (145) como los resultados del estudio 1 (diferencias en la
sefalizacion de la grelina y la adiponectina entre individuos con TJ y sujetos
sanos), plantean la hipotesis de que la leptina podria desempefiar un papel
especificoen FA, independiente del TJ, que implicaria alteraciones en dominios
neuropsicologicos y psicopatolégicos concretos, incluyendo laimpulsividad, la
flexibilidad cognitiva y el control inhibitorio.

5.2.2. Implicaciones a nivel clinico

Enlos estudios 2y 3 se obtuvo una prevalencia de FA similar aladescritaenla
literatura (7,7%Yy 8.3%, respectivamente) (63). Como era de esperar, tanto por
la propia naturaleza de lacomorbilidad estudiada como por resultados previos,
los pacientes con TJ y FA presentaron un mayor IMC, lo cual refuerza la idea
de que este subgrupo de pacientes podria presentar un peor perfil metabdlico,
gue se podria beneficiar de estrategias terapéuticas especificas (relacionadas
con ejercicio fisico, fomentar habitos saludables...). Sin embargo, mas alla de
las consecuencias metabdlicas de la adiccién a la comida, es interesante ob-
servar que en ambos estudios los pacientes con FA comdrbida presentaron
una mayor gravedad del TJ, lo cual coincide con estudio previos y sugiere que
ambas entidades presentan elementos en comun y una potencial influencia
perjudicial entre ellas (85).

Por otro lado, ambos estudios (2 y 3) coinciden en reflejar un peor estado psi-
copatoldgico general en los individuos con FAy TJ con respecto a los pacientes
con TJ que no presentaban dicha comorbilidad. Ademas, los resultados del
estudio 2 sugieren una mayor desregulacion emocional en el grupo con FA.




Todo ello permite hipotetizar que los comportamientos relacionados con FA
pueden surgir como respuestas poco adaptativas ante el malestar emocional,
encajando dentro del grupo de jugadores emocionalmente vulnerables del
modelo de Blaszcynski y Nower descrito previamente (28).

El estudio 3 se llevd a cabo con el objetivo de analizar de forma mas concreta
las implicaciones clinicas y neuropsicolégicas de la comorbilidad de TJ con FA,
en una amplia muestra de pacientes, analizando posibles diferencias entre
hombres y mujeres. La prevalencia de FA fue superior entre las mujeres en
comparacioén con los hombres. Estas diferencias son las esperadas teniendo
en cuenta que, si bien, como se ha descrito previamente en la introduccion,
la prevalencia de TJ es superior en hombres (163), la frecuencia de conductas
relacionadas con FAy en general de un patréon de alimentacion anormal es mas
elevada en mujeres (164,165).

En el estudio 3, se encontraron diferencias en el nivel socioeconémicoy en la
situacion laboral de los pacientes con FA, en relacidon a los que no presentaban
dicha comorbilidad, aunque sélo en el grupo de las mujeres. En este sentido
las mujeres con FA presentaban un nivel socioeconémico mas bajo y estaban
mas frecuentemente desempleadas. Cabe sefialar que estudios previos han
descrito una mayor gravedad del TJ, en mujeres en contexto de dificultades so-
cioecondmicas (25), lo cual estaria alineado con los resultados obtenidos. Mas
alla de diferencias a nivel de status socioeconémico, tanto en hombres como
en mujeres, se han descrito rasgos de personalidad especificos y diferenciales
asociados a la presencia de FA. Asi, una baja autodireccion y perseverancia 'y
una mayor dependencia alarecompensa se asociarian a FA, tanto en personas
con trastornos mentales como con otras condiciones médicas (166-168). En
el presente estudio, este subgrupo de pacientes mostré una mayor evitacion
al dafo y una menor autodireccién y cooperatividad y, sélo en el caso de los
hombres, se observaron mayores niveles de autotrascendencia. Todo ello
sugiere que un contexto socioecondmico bajo, dificultades a nivel laboral,
mayor vulnerabilidad emocional (mayor ansiedad e intensidad de sintomas
depresivos, asi como dificultades en la regulacién emocional) y escasas estra-
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tegias de adaptacion para afrontar el estrés (en base a rasgos desadaptativos
de personalidad) podrian caracterizar a los pacientes de TJ con FA.

Como se ha mencionado previamente, tanto en el estudio 2 como en el 3, los
pacientes con FA presentaron una mayor gravedad del TJ y un perfil clinico con
caracteristicas sugestivas de una peor evolucion (en el estudio 3 se observé
una mayor duracion del trastorno en el caso de las mujeres y una menor edad
de inicio en los hombres). Ademas, es interesante observar que en el estudio
3 también se identificé una mayor frecuencia de consumo perjudicial de alco-
hol, entre los hombres con FA. En este sentido, cabe senalar que en estudios
previos se ha descrito una relacién entre FA y el consumo de tabaco en una
muestra con predominio masculino de individuos con TJ (85). Todo ello per-
mite especular con la existencia de una vulnerabilidad compartida, en la linea
del planteamiento del espectro impulsivo-compulsivo, que podria explicar en
parte la tendencia de estos individuos a incurrir tanto en el juego como en
el consumo compulsivo de comida, pero también de alcohol o tabaco, como
mecanismo de afrontamiento ante el estrés o emociones negativas.

5.2.3. Limitaciones y fortalezas de los resultados

Es imprescindible tener en cuenta algunas limitaciones de los estudios que
componen este trabajo, de cara a interpretar adecuadamente los resultados.
En primer lugar, es importante destacar que los participantes de los tres es-
tudios fueron reclutados a través de su consulta en una unidad especifica de
tratamiento en Cataluia, que fueron principalmente de sexo masculino y que
solicitaron tratamiento parasutrastorno. Esta realidad exige cautelaalahora
de generalizar las conclusiones a otras poblaciones, como muestras no clinicas,
procedentes de otras areas geograficas o en mujeres.

En segundo lugar, los tres estudios comparten un diseno transversal, lo cual,
como se ha mencionado previamente, impide realizar atribuciones causales,
especialmente cuando el foco de la investigacidon son entidades tan complejas
como las adicciones. En este sentido, futuros estudios longitudinales podrian




contribuir a caracterizar, de formamas precisa, tanto el papel de los diferentes
factores neuroendocrinos en TJ y FA como las caracteristicas diferenciales y el
curso evolutivo del subgrupo de pacientes que presentan comorbilidad entre
ambas condiciones.

En cuanto a las mediciones endocrinas en los estudios 1y 2, conviene recor-
dar que se analizaron a partir de muestras de sangre periférica, lo cual podria
limitar la inferencia de su funcionamiento a nivel neuronal. Ademas, el menor
numero de individuos del grupo de controles sanos con respecto al grupo con
TJenelestudio 1y deindividuos que cumplian criterios para FAen el estudio 2,
también pueden limitar lainterpretacion de los resultados, por lo que son nece-
sarios estudios con un tamano de muestra mayor para confirmar los hallazgos.

Por ultimo, y en relacién al uso del cuestionario YFAS 2.0 para despistaje
de FA, el uso de evaluaciones de naturaleza autoinformada para trastornos
mentales puede disminuir la fiabilidad. Estudios futuros deberian considerar
evaluaciones complementarias como, por ejemplo, entrevistas clinicas semi-
estructuradas similares a las que se hanllevado a cabo parala evaluacion del TJ.

Mas allad de las limitaciones mencionadas, también cabe resaltar algunas
fortalezas en relacion a lo estudios que componen el presente trabajo. Por
un lado, el hecho de haber llevado a cabo los andlisis estudiando una amplia
muestra clinica, caracterizada de forma sistematica por profesionales exper-
tos en cuanto a perfil clinico y evaluaciones neuropsicolégicas, asi como el
haber efectuado correcciones por potenciales factores de confusién en las
distintas comparaciones. Por otro, y pese a que ya se hacomentado que la baja
representacion de mujeres en los tres estudios realizados es una limitacién
a tener en cuenta, cabe sefalar que el porcentaje de mujeres en los mismos
coincide con las estimaciones de prevalencia en muestras clinicas de pacientes
gue buscan tratamiento para el TJ, y que en el caso del estudio 1 es compara-
ble a su frecuencia en el grupo control. Ademas, el hecho de haber analizado
las posibles diferencias en funcién del sexo en estudio 3 aporta informacioén
novedosa en este sentido.
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5.2.4. Lineas de investigacion futuras

Los resultados de los estudios que componen este trabajo sugieren la impli-
cacioén de alteraciones neuroendocrinas, junto con otros aspectos clinicos,
neuropsicolégicos y sociales, en el TJ y en FA. Como se ha mencionado previa-
mente, la naturaleza transversal de los mismos impide llegar a conclusiones de
causalidad, por lo que la primera linea de investigacién de cara a profundizar
en el conocimiento en este ambito implicaria necesariamente el diseio de
estudios longitudinales prospectivos. Analizar la evoluciéon de dichas altera-
ciones hormonales y surelacion con el resto de factores implicados en el curso
evolutivo de los diferentes trastornos del espectro impulsivo, y en concreto
de TJ y FA, permitiria dilucidar de una forma mas precisa su implicacién en la
patogénesis de los mismos, asi como eventualmente identificar dianas tera-
péuticas sobre las que poder incidir a nivel farmacolégico.

En relacién a hallazgos concretos del presente trabajo, es destacable la iden-
tificacion de una disminucion de las concentraciones plasmaticas de LEAP-2,
junto con un aumento en la sefalizacién de grelina, en individuos con TJ en
comparacion con sujetos sanos en el estudio 1. Como ya se ha comentado,
dicharelacion hace emerger la hipotesis de que LEAP-2 podria jugar un papel
como posible diana terapéutica, por su funcién antagénica respecto al efecto
de lagrelina. Para avanzar en dicha posibilidad, seria ttil analizar LEAP-2 (que
al ser una hormona recientemente descrita no ha sido tan estudiada) en rela-
ciénagrelinaen otros trastornos del espectro impulsivo-compulsivo (como las
adicciones a sustancias) y estudiar su potencial implicacién en procesos como
la frecuencia de recaidas o la abstinencia.

Por otro lado, también cabe sefalar la interesante relacion identificada entre
concentraciones de leptina y rendimiento cognitivo en diferentes dominios
descrita en pacientes con TJ y FA en el estudio 2, con una importante reper-
cusion a nivel clinico. Teniendo en cuenta que laresistencia a la leptinaes una
situacion potencialmente reversible, seria interesante estudiar esta relacién
en procesos médicos en los que, ya sea a través de medidas dietéticas u otras
intervenciones (como la cirugia bariatrica) se logra una reversion del esta-




do de resistencia a la leptina. Estos resultados, asi como estudios previos en
este dmbito, permiten hipotetizar que una normalizacién en la funcién de la
leptina podria tener consecuencias no sélo a nivel metabdlico, sino también
neurocognitivo y psicolégico. Para contrastar dicha hipétesis seria interesante
disenar estudios prospectivos en pacientes con obesidad que se vinculan aun
tratamiento especifico y analizar posibles variaciones en aspectos neuropsi-
coldgicos y clinicos (incluyendo comorbilidades con trastornos del espectro
impulsivo-compulsivo) en funcién de su evolucion.
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El presente trabajo apoya la naturaleza multifactorial del trastorno de jue-
go, identificando factores clinicos, neuropsicolégicos y neuroendocrinos
relacionados con dicho trastorno.

Alteraciones en el sistema de sefalizacién de grelina, en el que LEAP-2
juegaun papel como antagonista, podrian estar implicadas en el trastorno
de juego, através de su potencial interaccion con el sistema de recompen-
sa cerebral.

La resistencia a la leptina podria estar implicada especificamente en la
comorbilidad de trastorno de juego con la adiccién a la comida.

En individuos con trastorno de juego y adiccién a la comida, la alteracién
en lasefnalizacién de leptina podria subyacer aspectos clinicos y neuropsi-
colégicos comunes a ambas entidades, como la impulsividad y la flexibili-
dad cognitiva. Ademas, podria estar relacionada con una mayor severidad
del trastorno de juego, lo cual podria tener implicaciones terapéuticas en
un futuro.

Los individuos con trastorno de juego que presentan adiccién alacomida
presentan caracteristicas clinicas diferenciales, que varian entre hombres
y mujeres, asi como indicadores sugestivos de una mayor gravedad del
trastornode juego, que podrian beneficiarse de intervenciones especificas.
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