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RESUMEN/SUMMARY



Resumen

La presente tesis doctoral esta enmarcada en la linea de investigacidon “Neurociencia
de la Violencia de Género”, y continua el trabajo de la Dra. Natalia Bueso Izquierdo titulado
“La mente del hombre maltratador: una perspectiva neurocientifica” y de la Dra. Agar Marin
Morales titulado “Mecanismos cerebrales de la toma de decisiones morales y la regulacion
emocional, reevaluacion cognitiva y empatia, en hombres condenados por violencia de
género”. Asi, este trabajo tiene por objetivo seguir investigando los mecanismos cerebrales
gue sustentan los procesos tanto cognitivos como emocionales subyacentes a la violencia de

género.

La violencia de género es la expresién mas severa de la desigualdad y de las relaciones
de poder del hombre sobre la mujer (Organizacion Mundial de la Salud, 2018). La gravedad
de las consecuencias y la imparable incidencia hacen de esta violencia uno de los problemas
sociales mas urgentes a investigar. Para ello, la neurociencia social propone un campo de
trabajo interdisciplinar dedicado al estudio de las interacciones entre los correlatos
neurobioldgicos y los procesos de la cognicién social que sustentan el comportamiento
violento del hombre maltratador. Desde esta perspectiva, los estudios revelan que los
hombres maltratadores presentan dificultades a la hora de reconocer emociones (Romero-
Martinez et al., 2016a), de ponerse en el lugar de otras personas (Salas-Picén y Caceres-Duran,
2017) y de regular sus emociones negativas (Berke et al.,, 2019). Sin embargo, estas
dificultades parecen ser especificas hacia su pareja o expareja (Loinaz et al., 2021), lo que
sugiere que no existe una alteracidn, sino un procesamiento socioemocional diferente que
podria explicar parte de la conducta violenta. Estos hallazgos son respaldados por los
recientes estudios de neuroimagen que muestran que los hombres maltratadores presentan
un patrén de activacién cerebral especifico ante estimulos de violencia de género durante
tareas de procesamiento emocional (Bueso-lzquierdo et al., 2016a; Lee et al., 2009; 2008),
regulacion emocional (Marin-Morales et al., 2021) y toma de decisiones morales (Marin-

Morales et al., 2022a).

A pesar del creciente interés por el estudio de las bases neurales de la cognicidn social
en hombres maltratadores, aun se desconoce codmo estos procesos se relacionan con la

conectividad intrinseca o espontdnea del cerebro. El andlisis de la conectividad cerebral en



estado de reposo permite estudiar las conexiones entre las bases neurales y examinar su
relacion con procesos de la cognicidn social (Doruyter et al., 2017). Concretamente, la
investigacidon en poblacién violenta propone que la conectividad cerebral en reposo podria
ser un posible marcador de los procesos que desembocan en el uso de la violencia (Romero-

Martinez et al., 2019a).

En base a las investigaciones previas, el objetivo principal de la presente tesis consiste
en estudiar por primera vez, la conectividad cerebral intrinseca en relacion con procesos de
la cognicion social en hombres condenados por violencia de género, en comparacion a dos
grupos controles; un primer grupo formado por hombres condenados por otros delitos
diferentes a la violencia de género y un segundo grupo de hombres sin historial criminal. Para

llevar a cabo este objetivo, se realizaron tres trabajos empiricos:

El primer estudio se centrd en explorar la conectividad funcional de los tres sistemas
que sustentan la toma de decisiones de acuerdo al Modelo Triddico de Turel y Bechara (2016)
en hombres condenados por violencia de género. Los resultados mostraron que en
comparacion a los dos grupos controles, los hombres maltratadores presentaron
hiperconectividad funcional entre el sistema reflectivo-prefrontal y el sistema impulsivo-
amigdalo-estriado, asi como entre el sistema interoceptivo-insular y la red neural por defecto
(DMN). Los estudios sugieren un proceso interoceptivo y top-down regulatorio especifico de
hombres maltratadores, previamente hipotetizado en estudios de activacién cerebral (Bueso-
Izquierdo et al., 2016a; Lee et al., 2008). Mas importante, el analisis exploratorio mostré que
la conectividad funcional especifica de hombres maltratadores se asocié predominantemente

con procesos de la cognicidn social y no con procesos puramente neuropsicoldgicos.

El segundo estudio tenia por objetivo examinar la conectividad funcional cerebro-
cerebelar asociada a la mentalizacion social (Van Overwalle et al., 2020a). Los resultados
mostraron que los hombres maltratadores presentaron hiperconectividad entre el area
cerebelar Crus Il y regiones posteriores de la DMN, asi como con dareas limbicas en
comparacion a los dos grupos controles. Ademas, esta conectividad funcional se asocié con
mayores pensamientos sobre la inferioridad de la mujer y menor empatia. Los hallazgos de

este estudio sugieren que la hiperconectividad cerebro-cerebelar podria relacionarse con un



mecanismo compensatorio donde el cerebelo ejerceria una funcion moduladora de la

actividad de regiones corticales claves en la mentalizacién social (Van Overwalle et al., 2020b).

Finalmente, el tercer estudio empirico se centrd en estudiar la conectividad efectiva
de las bases neurales de la estrategia regulatoria de reevaluacion (Morawetz et al., 2022) en
hombres maltratadores. Los resultados mostraron que, en comparacién al grupo de hombres
sin historial criminal, ambos grupos de delincuentes (maltratadores y otros delincuentes)
presentaron mayor conectividad efectiva desde dreas prefrontales hacia areas
temporoparietales y menor conectividad efectiva en el sentido opuesto. Ademas, los
hombres maltratadores también mostraron un patrén de conectividad especifico diferente al
grupo de otros delincuentes, donde cabe destacar una mayor conectividad efectiva entre el
area suplementaria motora (SMA) y areas prefrontales. Ambos resultados sugieren que los
hombres maltratadores muestran una conectividad efectiva especifica entre las bases
neurales que sustentan la reevaluacidn. Esta conectividad incluye principalmente regiones
prefrontales, la SMA y la juncién temporoparietal (TPJ), pudiendo estar relacionado con el
procesamiento emocional y moral (Raine, 2019). El presente estudio también revelé que las
conexiones que involucran la corteza dorsolateral prefrontal (DLPFC) podrian ser un posible
predictor de la habilidad de regular las emociones ante estimulos de violencia de género en

hombres maltratadores.

En conclusion, los resultados obtenidos muestran que los hombres maltratadores
presentan una conectividad intrinseca especifica de las bases neurales que sustentan los
procesos de la toma de decisiones, mentalizacién social y reevaluacién. Ademas, esta
conectividad parece estar relacionada con procesos especificos de la violencia de género, a
destacar, los pensamientos distorsionados sobre la mujer y la habilidad de regular las
emociones ante estimulos de violencia de género. Estos hallazgos permitirdn adquirir una

mayor comprension sobre los procesos que se encuentran detrds de la violencia de género.



Summary

The present doctoral thesis is part of the research line entitled “Neuroscience of
Intimate Partner Violence Against Women”, and continues the work of Dr. Natalia Bueso
Izquierdo called “The mind of the male batterer: A neuroscientific perspective” and Dr. Agar
Marin Morales entitled “Brain mechanisms of moral decision-making and emotion regulation:
cognitive reappraisal and empathy in men convicted for intimate partner violence crime”.
Thus, this work aims to keep on investigating the brain underpinnings of both cognitive and

emotional processes that underlie intimate partner violence against women (IPVAW).

IPVAW is the most severe expression of inequality and power relations of men over
women (World Health Organization, 2018). The severity of its consequences and its increasing
prevalence makes this violence one of the most urgent social problems to investigate. To this
end, social neuroscience proposes an interdisciplinary field dedicated to the study of the
interactions between the neurobiological correlates and social cognition processes that
underpin the violent behavior of male perpetrators. From this perspective, studies revealed
that male perpetrators present difficulties in recognizing emotions (Romero-Martinez et al.,
2016a), in taking others' perspective (Salas-Picon & Caceres-Duran, 2017) and in regulating
their negative emotions (Berke et al., 2019). However, these difficulties seem to appear
specifically towards their female partner or ex-partner (Loinaz et al., 2021), suggesting that
there is no alteration in the processes, but a different processing that could partially explain
their violent behavior. These results are supported by recent neuroimaging studies showing
that male perpetrators present a specific brain activation pattern when viewing IPVAW stimuli
during emotional processing tasks (Bueso-lzquierdo et al., 2016a; Lee et al., 2009; 2008),
emotional regulation (Marin-Morales et al., 2021) and moral decision-making (Marin-Morales

et al., 2022a).

Despite the growing interest in the study of the neural basis of social cognition
processing in male perpetrators, it is still unknown how these processes relate to intrinsic or
spontaneous brain connectivity. The analysis of brain connectivity at rest allows us to study
the connections between brain regions and to examine their relationship with social cognition

processes (Doruyter et al., 2017). Specifically, research on violent populations proposes that



brain connectivity at rest could be a possible predictor of the processes that lead to the use

of violence (Romero-Martinez et al., 2019a).

Based on previous research, the main objective of the present thesis is to explore for
the first time, the intrinsic brain connectivity of social cognition processes in men convicted
for an IPVAW crime, and compare it to two control groups; a first group composed by men
convicted for crimes other than IPVAW, and a second group of men with no criminal records.

To this aim, three empirical studies were carried out:

The first study was focused on exploring the functional connectivity between the three
brain systems underlying social decision-making according to The Triadic Model of Turel &
Bechara (2016) in men convicted for an IPVAW crime. The results showed that compared to
both control groups, male perpetrators presented increased functional connectivity between
the reflexive-prefrontal system and the impulsive-amygdala-striatal system, as well as
between the interoceptive-insular system and the default mode network (DMN). The study
suggests that male perpetrators exhibit specific interoceptive and top-down regulatory
processes, previously hypothesized in studies of brain activation (Bueso-lzquierdo et al.,
2016a; Lee et al.,, 2008). To note, the exploratory analysis showed that the specific
connectivity found in male perpetrators was predominantly associated to social cognition

processes rather than to strictly neuropsychological processes.

The second study aimed to examine the cerebro-cerebellar functional connectivity
related to social mentalizing (Van Overwalle et al., 2020a). The results showed that compared
to both control groups, male perpetrators presented hyperconnectivity between cerebellar
area Crus Il and posterior DMN, as well as limbic regions. In addition, this specific functional
connectivity was associated with more distorted thoughts about women and lower empathy.
The findings of this study suggest that the cerebro-cerebellar hyperconnectivity could be
related to a compensatory mechanism where the cerebellum exerts a modulatory function of

the neural activity of key cortical regions for social mentalizing (Van Overwalle et al., 2020b).

Finally, the third empirical study focused on investigating the effective connectivity of
the neural basis supporting the reappraisal regulatory strategy (Morawetz et al., 2022a) in

male perpetrators. The results showed that compared to men with no criminal records, both



convicted groups (male perpetrators and other offenders) showed increased effective
connectivity from prefrontal to temporoparietal areas and decreased effective connectivity
in the opposite direction. In addition, male perpetrators also showed different connectivity
pattern compared to other offenders, highlighting an increased effective connectivity
between the supplementary motor area (SMA) and prefrontal regions. Both results suggest
that male perpetrators present a specific mechanism involving prefrontal regions, SMA and
temporoparietal junction (TPJ), which may be related to emotional and moral processing
(Raine, 2019). Finally, the study revealed that connections involving the dorsolateral
prefrontal cortex (DLPFC) could be a possible predictor of the ability to down-regulate their

emotions when viewing IPVAW-related stimuli.

In conclusion, the present findings show that men convicted for an IPVAW crime
present a specific intrinsic connectivity within the neural bases supporting social decision-
making, social mentalizing and reappraisal strategy. These findings will provide a better

understanding of the processes behind IPVAW.



. INTRODUCCION



CAPITULO 1.
MARCO CONCEPTUAL DE LA VIOLENCIA DE
GENERO



La violencia contra la mujer ha adoptado multiples formas a lo largo de la historia.
Muchas de sus facetas han sido mas visibles, otras no tanto, siendo estas ultimas las mas
insidiosas por estar arropadas por discursos religiosos, morales y cientificos, siempre
articulados a la cultura patriarcal (Arias, 2012, p. 7). Asi, la Organizacién de las Naciones
Unidas sentencia: “La violencia contra la mujer es el crimen encubierto mds numeroso del

mundo” (Declaracion Conmemorativa del Afio Internacional de la Mujer, 2007).

El nUmero de mujeres victimas no decrece y las politicas publicas estan lejos de tener
la eficacia necesaria (Varela, 2020, p. 15). La violencia de género, entendida como aquella que
se da contra la mujer en el contexto de la pareja, ha sido reconocida como la forma mas
comun de violencia contra las mujeres (Ferrer-Pérez y Bosch-Fiol, 2019), considerdandose
como la quinta causa de muerte y discapacidad del mundo (OIff y Wall, 2014). De acuerdo
con el ultimo informe de la Organizacion Mundial de la Salud (OMS, 2021), el 38% de los
feminicidios son perpetrados por una pareja intima y una de cada tres mujeres (cerca de 641
millones de mujeres en el mundo) han sufrido actos violentos por parte de un compafiero
intimo a lo largo de su vida. Ademads, existen numerosas formas de victimizar a la mujer que
resultan dificiles de identificar (incluso por ellas mismas), quedando alin mds encubierta esta
violencia debido a las interrupciones de los servicios de ayuda, como fue evidenciado durante

la pandemia del COVID-19 (Ruiz-Pérez y Pastor-Moreno, 2021).

1. Marco legislativo y manifestaciones de la violencia de género

Partimos de un contexto cultural y social donde las manifestaciones de la violencia de
género eran consideradas pertenecientes al circulo intimo de la familia, entorno en el cual no
debia involucrarse el Estado (Pastor et al., 2021). No es hasta 1989 cuando se incorpora al
Cddigo Penal el delito de Violencia Doméstica (Articulo 425, Cédigo Penal 1973),
diferencidandose de cualquier otro tipo de violencia. A lo largo de 15 afios se realizaron
sucesivas reformas hasta la declaracién de la Ley Organica 1/2004, de 28 de diciembre, de
Medidas de Proteccion Integral contra la Violencia de Género (LOMPIVG), que tiene como
objetivo abordar de forma universal la violencia de género, quedando definida como “toda
manifestacion de la discriminacion, la situacion de desigualdad y las relaciones de poder de
los hombres sobre las mujeres, que se ejerce sobre estas por parte de quienes sean o hayan

sido sus conyuges o de quienes estén o hayan estado ligados a ellas por relaciones similares



de afectividad, aun sin convivencia” (Ley Orgdanica 1/2004, de 28 de diciembre de Medidas de

Proteccion Integral contra la Violencia de Género).

Esta demarcacion de la violencia de género se convierte en un hito en el trabajo
realizado hasta entonces, donde la violencia doméstica haria referencia al seno familiar y
responderia a motivos individuales y personales (Huertas, 2007), y no a una desigualdad
histérica entre mujeres y hombres (IV Conferencia Mundial de las Mujeres, 1995). De este
modo, en la exposicidon de motivos, la Ley aclara que la violencia de género se dirige a las
mujeres por el mero hecho de serlo, por ser consideradas por sus agresores carentes de los
derechos minimos de libertad, respeto y capacidad de decision (Ley Organica 1/2004, de 28
de diciembre, LOMPIVG). En definitiva, se establece que la violencia de género es una

violencia especifica (Varela, 2020, p. 20).

Dentro de esta consideracidon de violencia de género, se incluyen diferentes formas de
expresion de la misma. A pesar de que existen diferentes tipologias segun las instituciones,

recuperamos aqui la clasificacion mas utilizada (OMS, 2013):

— Laviolencia fisica, entendida como aquella que directa o indirectamente produce un
sufrimiento fisico (Rosich Solé y Micciola, 2021, p. 22). Esta violencia afecta a la
integridad fisica provocando un dafio, discapacidad, enfermedad o la muerte de la
mujer victima (Daugherty et al., 2019). Recoge conductas como empujones,
pufietazos, estrangulamiento y uso de armas (Breiding et al., 2015).

— Laviolencia sexual, que comprende toda accidn contra la libertad e indemnidad sexual
de la mujer (OMS, 2021) y supone todos aquellos comportamientos que impliquen
relaciones sexuales forzadas o de coaccién (Breiding et al., 2015).

— Laviolencia psicoldgica, definida como toda agresion a la integridad y salud psiquica y
emocional de la mujer, a través de conductas de humillacién, control, insultos,
amenazas tanto en el contexto privado como publico (Ali et al., 2016). Muchas veces,
esta violencia comprende también la violencia social, destinada a provocar el
aislamiento de las mujeres, y la violencia ambiental, que incluiria el dafio econdmico

o simbdlico (Rosich Solé y Micciola, 2021, p. 22).
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Es importante sefialar que la violencia fisica o sexual no pueden darse ajenas de la
psicoldgica, ya que cada una de estas formas de violencia son ejercicios de poder que ejerce
el maltratador con el fin de conseguir y mantener la sumisién y el control de su pareja o
expareja (Expdsito y Moya, 2011). De acuerdo a la Macroencuesta de Violencia de Género
(2019), el 97% de las mujeres que han sufrido violencia fisica o sexual por parte de alguna
pareja intima han manifestado haber sufrido violencia psicolédgica. En definitiva, la violencia

psicoldgica siempre estd presente cuando se da violencia fisica o sexual.

El aumento de la violencia de género entre adolescentes nos exige prestar atencién a
nuevos modos en que se manifiesta la violencia. Se entiende la violencia de género como una
violencia dindmica que esta sustentada por un discurso sociocultural que evoluciona y se
adapta (Muifiiz-Rivas y Cuesta-Roldan, 2015). De este modo, los entornos virtuales se han
convertido en un medio basico de socializacidon entre adolescentes y jévenes adultos/as,
convirtiéndose en un reflejo de la sociedad vy, por tanto, en nuevos espacios en los que se
siguen reproduciendo desigualdades de género y se ejercen actos de violencia (Heredia y
Ausina, 2017). Nos referimos a la violencia tecnoldgica o virtual, que abarca cualquier acto
violento cometido, instigado o agravado por el uso de tecnologias de la informacion y la
comunicacion (Ley 15/2021, de 3 de diciembre, gallega para la prevencion y el tratamiento
integral de la violencia de género). A pesar de estar estrechamente relacionada con la
violencia psicoldgica, consideramos importante darle un espacio diferente debido al descenso
de la edad de los agresores y las mujeres que la sufren (Sebastian et al., 2010). La violencia
virtual es en muchos casos la precursora de una relacién violenta y en otras situaciones, es

una clara expresién de violencia psicolégica (Estébanez, 2012).

Recientemente se ha visibilizado que el Estado puede ser también un representante
de distintas formas de violencia institucionalizada. Esta se define como “todas las acciones y
omisiones de las autoridades, el personal publico y los agentes de cualquier organismo o
institucion publica que tengan por finalidad retrasar, obstaculizar o impedir el acceso a las
politicas publicas y al ejercicio de los derechos que reconoce la presente ley” (Ley 17/2020, de
22 de diciembre, de modificacién de la Ley 5/2008 para asegurar una vida libre de violencia
machista). Esta violencia no solo puede suceder porque se realicen actos directos de violencia

a través de sus autoridades (Bodeldn, 2014), sino también por la deslegitimacidn ética y social

11



de esta, desembocando en una falta de responsabilidad sobre la prevencion, sancién y
erradicacion de la violencia de género (Rosich Solé y Micciola, 2021, p. 24). En este contexto,
es preciso resaltar el caso de las mujeres migrantes que se encuentran de forma irregular en
Espafia o que estan por agrupacién familiar a través de su pareja-victimario (Plan de Atencién
y Prevencién de Género en Poblacién Inmigrante, 2009). Como sefiala Sancho (2017), si el
miedo de las mujeres migrantes a ser expulsadas conlleva el rechazo a iniciar un
procedimiento de denuncia, se esta limitando el acceso a los derechos y recursos que ofrece

la LOMPIVG para las victimas de violencia de género.

2. Consecuencias y estadisticas de la violencia de género

Considerando las distintas manifestaciones de violencia de género descritas, el
impacto que estas tienen en la salud de la mujer es tan grande que, ademas de haberse
considerado como un problema de derechos humanos, se considera también un problema
importante de salud publica (OMS, 2021). Las secuelas que diferentes tipos de violencia dejan
en las mujeres son multiples y tienen efecto a corto y largo plazo (Hidalgo-Ruzzante et al.,
2012). A nivel fisico, las mujeres muestran una alta prevalencia de enfermedades crénicas de
distinta naturaleza, principalmente cardiovasculares, respiratorias, gastrointestinales,
sexuales y obstétricas (Dillon et al., 2013). A nivel psicoldgico, las mujeres presentan una
mayor probabilidad de padecer trastornos mentales siendo los mas reconocidos, los
trastornos depresivos y de ansiedad (Loxton et al., 2017), ideacidn e intentos suicidas, abuso
de sustancias (Ellsberg et al., 2008), trastorno de estrés postraumatico (TEPT) y TEPT complejo
(Fernandez-Fillol et al., 2021; Krause et al., 2008). Ademas, nuevas lineas de investigacion han
mostrado que las mujeres supervivientes presentan alteraciones neuropsicoldgicas y
cerebrales derivadas del dafio directo provocado por los golpes en la cabeza o por
estrangulamiento (Daugherty et al., 2022; Valera et al., 2019). Por ultimo, las mujeres también
sufren consecuencias sociales de extrema gravedad que dificultan e imposibilitan su
reincorporacion al campo laboral, lo que desemboca en la disminucién o pérdida de ingresos
(OMS, 2021). Asimismo, las mujeres supervivientes suelen tener un circulo de apoyo
pequeiio, debido al impacto que supone la violencia en su autoestima, salud mental e

identidad (Matheson et al., 2015).
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Finalmente, no hay que olvidar las secuelas que sufren los/as hijos/as victimas de esta
violencia. Resultados hallados en diversos estudios revelan que estos/as menores presentan
problemas de socializacion e integracion en la escuela debido a sentimientos de inseguridad,
agresividad y disminucién del rendimiento académico (Hernandez y Gras, 2005). Los/as
nifios/as pueden padecer sintomas emocionales (depresivos, ansiosos) y otros trastornos
como el TEPT (Llamas y Dato, 2020; Alcantara-Lépez et al., 2013). Por lo tanto, no solo estdn
en constante riesgo por vivir una situacién de violencia cotidiana, sino que en ocasiones son
objeto directo de la violencia de los maltratadores, bien porque ejercen violencia sobre
ellos/as, o bien, porque son utilizados para hacer dafio a la madre. A esta Gltima se la conoce

por violencia vicaria (Varela, 2020, p. 17-19).

Desde hace afios, los datos nacionales revelan cifras preocupantes en torno a la
incidencia y prevalencia de la violencia de género. De acuerdo con la Macroencuesta de
Violencia de Género (2019), el 32,4% de las mujeres residentes en Espafia de mas de 16 anos
sufrieron al menos un tipo de violencia (fisica, sexual o psicolégica) por parte de la pareja
actual o de exparejas. Mas especificamente, el 11% sufrid violencia fisica en algin momento
de su vida (se estima un total de 2.234.567 mujeres), el 8,9% fue victima de violencia sexual
(alrededor de 1.810.948 mujeres) y el 27% sufrid violencia psicoldgica (cerca de 5.500.704
mujeres). Ademas, tal y como comentamos anteriormente, el 97% de las mujeres que
sufrieron violencia fisica o sexual manifestaron haber sufrido violencia psicolégica (Ministerio
de lgualdad, 2021). La Macroencuesta de Violencia de Género (2019), también nos informa
de que el 11,5% (se estima 2.350.684 mujeres residentes) ha sufrido violencia econémica por
parte de su pareja o expareja en algun momento de su vida. En relacién a la violencia
tecnolégica, no existen suficientes datos para poder realizar una inferencia poblacional, sin
embargo, destacamos un estudio de Bajo-Pérez (2022) donde evaluaron a 258 mujeres
residentes en Espafia con edades comprendidas entre los 18 y los 35 afos, y encontraron que
un 27,9% de todas ellas sufrieron reproches por parte de sus parejas debido a conversaciones

con otras personas y un 11,8% sufrié una violacién de su privacidad.

Las presentes estadisticas culminan con los datos oficiales de las muertes. Segun la
Delegacion del Gobierno contra la Violencia de Género (2022), durante este ultimo afio, 38

mujeres (11 son mujeres migrantes) han sido asesinadas por su pareja intima. Es importante
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resaltar que, de las 38 mujeres asesinadas, 24 no habian llegado a interponer la denuncia, lo
gue pone de manifiesto aquello que queda a la sombra de las cifras. Ademas, segun la
Delegacién del Gobierno contra la Violencia de Género (2021) desde el afio 2013 hasta la

actualidad, 48 menores han sido asesinados por violencia de género vicaria.

Paralelamente, de acuerdo con el Sistema de Seguimiento Integral en los Casos de
Violencia de Género o sistema VioGén, la violencia de género es la tercera causa de privacion
de libertad después de los delitos contra el patrimonio y contra la salud publica. En el afio
2021, se dieron 162.848 denuncias por violencia de género y 33.068 hombres fueron
condenados por un delito de violencia de género (Instituto Nacional de Estadistica, 2021).
Finalmente, a pesar de la falta de estudios oficiales de reincidencia en Espaia, segun el
sistema VioGén, de los 378.645 casos registrados entre los afios 2007 y 2015, el 18,07% eran
reincidentes (64.830 casos) y de estos, el 29,62% eran multirreincidentes (Lopez-Ossorio et

al., 2017).

En respuesta a estos alarmantes datos y a las secuelas sufridas por las victimas, se han
llevado a cabo progresos muy importantes, incluyendo programas de prevencion, de atencion
a mujeres y menores, la penalizaciéon agravante del delito y la intervencién con hombres
condenados por violencia de género (Bosch-Fiol y Ferrer-Pérez, 2019). Sin embargo, alin nos
guedan muchas metas que alcanzar, entre ellas, entender y esclarecer los mecanismos que

subyacen a esta violencia.

3. Modelos explicativos de la violencia de género

Con el objetivo de conocer los mecanismos de la violencia de género, en 1960 se
dieron a conocer los primeros modelos explicativos de caracter unicausal que desarrollan la
causa de esta violencia desde un punto de vista biolégico, psicopatoldgico y de personalidad,
tanto de la victima como del agresor (Corvo y Johnson, 2013). Durante las décadas siguientes,
estos modelos unicausales fueron ganando mayor complejidad. Entre ellos destacan el
modelo de aprendizaje social (Bandura, 1971-1986), la teoria del apego (Bowlby, 1989) o la

transmisién intergeneracional (Kalmuss, 1984).

Los modelos explicativos mas actuales son multicausales ya que defienden que esta

violencia ocurre y se mantiene por la coexistencia de multiples factores personales,
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situacionales y socioculturales siendo las relaciones de género un factor clave para entender
la violencia contra la mujer (Bosch-Fiol y Ferrer-Pérez, 2019). Entre los modelos multicausales,
destaca el modelo ecolégico de la autora Heise (1998) que, posteriormente fue retomado por
Vives-Cases et al. (2009). Se trata de un modelo probabilistico que sigue siendo el mas
reconocido por parte de instituciones internacionales como la OMS o la Organizacion de las
Naciones Unidas (Cases, 2011). El modelo propone que los determinantes de la violencia de
género se organizan en 4 niveles: (1) la historia personal que incluiria, entre otras variables,
la experiencia de violencia conyugal en la infancia o haber sufrido maltrato, (2) el
microsistema que incluye las relaciones intrafamiliares, los vinculos con los/as iguales, las
primeras relaciones de amor, (3) el exosistema que abarcaria, entre otros factores, la situacion
socioecondmica tanto de la victima como del victimario, los apoyos de grupos sociales y
finalmente, (4) el macrosistema que estaria formado por las actitudes, creencias y normas

gue impregnan la cultura de la violencia de género.

Tomando distintos elementos de modelos previos y el marco tedrico de la perspectiva
feminista, las autoras Bosch-Fiol y Ferrer-Pérez (2019; 2013) han conceptualizado un modelo
heuristico para explicar la violencia contra las mujeres en sus diferentes formas y en concreto
la violencia de género. Este modelo tiene una estructura piramidal y se compone de 5
escalones. El pilar base de esta piramide es el sustrato patriarcal, entendido como el sistema
de organizacién social que legitima la situacién de desigualdad entre los hombres y las
mujeres. De la mano del patriarcado, en el segundo escaldn, se colocarian los procesos de
socializaciéon diferencial, que hacen referencia a la difusién de las creencias y actitudes
generadas por el sistema patriarcal, a partir de los cuales se van organizando los vinculos,
modelos de género y las relaciones sexo-afectivas. El tercer escalén se constituye por las
expectativas de control que tendrian los hombres sobre las mujeres. Aqui encontramos cémo
la toma de los modelos tradicionales de género (con sus respectivos mandatos rigidos)
legitiman los derechos de control que tienen los hombres sobre las mujeres (sobre sus
cuerpos, economia, sexualidad). Los eventos desencadenantes formarian el cuarto escalén de
la piramide y abarcaria todo fendmeno tanto personal (abuso de alcohol, problemas
econdmicos, enfermedades), social (crisis econdmicas, legislacién) o politico-religioso, que
materializan las expectativas de control. Estos eventos individuales fueron utilizados por las

teorias unicausales, pero la evidencia actual muestra que no ejercen una funcion causal en la
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violencia, sino que serian posibles facilitadores o desinhibidores de la misma (Foran y O’Leary,
2008). Estos niveles desembocarian en el quinto y ultimo escalén de la pirdmide, que seria el
propio estallido de la violencia. Ademas, el modelo piramidal incorpora un mecanismo de
filtraje que permite entender el comportamiento violento como una elecciéon voluntariay no
como un acto predestinado, asi como nos permite explicar por qué hay hombres que acaban

ejerciendo violencia y por qué otros acaban rompiendo con el mandato patriarcal (Figura 1).

VIOLENCIA DESATADA
CONTRA UJERES

\ g

EVENTOS
- DESENCADENANTES -
- EXPECTATIVAS DE CONTROL -
l PROCESO DE SOCIALIZACION I

SUSTRATO PATRIARCAL

- =

Figura 1. Modelo Piramidal de Bosch-Fiol y Ferrer-Pérez (2019).

Nota. Adaptado de Bosch-Fiol, E., & Ferrer-Pérez, V. A. (2019). El Modelo Piramidal: alternativa feminista para analizar la
violencia contra las mujeres. Revista Estudios Feministas, 27.

En base a todo lo expuesto, queda justificado que la violencia de género nos sitla ante
un problema de una magnitud aberrante, que requiere diferentes miradas y también
respuestas interdisciplinares (Francis, 2017). La mayoria de investigaciones se han centrado
en las consecuencias que tiene esta violencia sobre las victimas y, sin embargo, se ha prestado
menos atencién al hombre maltratador. Asi, se defiende un abordaje de la violencia de género
gue incluya necesariamente el estudio de los factores que contribuyen a que un maltratador
actue de forma violenta contra su pareja o expareja. Con el fin de contribuir en esta linea, se
ha planteado la presente tesis doctoral. En el siguiente capitulo revisaremos las aportaciones

al estudio del hombre maltratador desde el campo de estudio de la neurociencia social.
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CAPITULO 2.

APORTACIONES DE LA NEUROCIENCIA
SOCIAL AL ESTUDIO DEL HOMBRE
MALTRATADOR
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Entendemos la violencia de género como un problema social cuya complejidad nos
obliga a estar en constante actualizacién en los métodos de investigacién. Es asi que la
neurociencia social (Cacioppo y Cacioppo, 2013; Cacioppo et al.,, 2002) irrumpe en este
escenario para proponer un campo de trabajo interdisciplinar dedicado al estudio de las
interacciones dindmicas de los procesos sociales que subyacen a la violencia de género y los

sistemas bioldgicos (genéticos, hormonales y cerebrales).

Bajo este postulado, se han llevado a cabo grandes esfuerzos por conocer la etiologia
de la violencia de género, los factores protectores y de riesgo, asi como las variables
mediadoras y moderadoras que facilitan o promueven este tipo de violencia (Expdsito-Alvarez
et al., 2021). Para ello, el estudio del hombre maltratador se ha abordado desde diferentes
miradas complementarias: |la socioldgica, que intenta explicar la violencia desde los sistemas
y las estructuras sociales (Lawson, 2012), la psicolégica, cuyo objetivo principal es la
caracterizacién de los maltratadores a partir de factores sociales, psicopatolédgicos y de
personalidad (Siria et al., 2021; Lépez-Ossorio et al., 2017; Lila et al., 2013) y la bioldgica que
aborda el estudio de variables psicofisiolégicas como la conductancia de la piel y el ritmo
cardiaco (Babcock et al., 2005), variables hormonales como la testosterona y la oxitocina
(Comes-Fayos et al., 2022; Romero-Martinez et al., 2013) o el estudio de la estructura y
funcionamiento cerebral mediante el uso de técnicas de neuroimagen (Verdejo-Roman et al.,

2019; Bueso-lzquierdo et al., 2016a).
1. Caracteristicas psicoldgicas. Perfiles del hombre maltratador

Desde la rama psicoldgica, la investigacion se ha centrado fundamentalmente en dos
objetivos. El primer objetivo consiste en identificar las caracteristicas que diferencian a los
hombres maltratadores de los que no lo son, con el fin de explorar los factores de riesgo y
mejorar los procedimientos de prevencion de la violencia de género (Boiray Aragonés, 2011).
El segundo objetivo pretende clasificar a los hombres maltratadores mediante la elaboracion
de tipologias, con el propdsito de personalizar los programas de intervencién y conseguir

disminuir el riesgo de reincidencia (Gonzalez-Alvarez et al., 2021).

En este contexto, se han explorado variables sociodemograficas como la edad

(Rodriguez et al., 2009), la situacién socioecondmica y el nivel educativo (Reichel, 2017).
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Ademas, se han analizado factores como la presencia de psicopatologias (Echeburtda y Amor,
2010), trastornos de personalidad (Echauri et al., 2011) y variables histdricas como haber
sufrido violencia durante la infancia (Fernandez-Montalvo et al., 2022; Teva et al., 2021) y la
existencia de antecedentes de comportamiento violento (Corvo y delara, 2010). Todos estos
estudios han revelado la amplia diversidad existente entre los hombres maltratadores y la

imposibilidad de establecer conclusiones globales.

En el intento de dar respuesta a la heterogeneidad de estos agresores, se han creado
numerosas tipologias de hombres maltratadores en base a diferentes variables. Las primeras
tipologias utilizaron caracteristicas psicopatoldgicas y los rasgos o trastornos de personalidad
como criterios diferenciadores (Gondolf, 1988; Hamberger y Hastings, 1985; Elbow, 1977). En
su influyente aportaciéon, Hotlzworth-Munroe y Stuart (1994) desarrollaron la que se
convertiria en la clasificacion mas conocida hasta hoy en dia. Esta tipologia distingue 3
subtipos de maltratadores, basandose en la severidad de la violencia ejercida, la presencia de

conductas violentas extra-familiares y de psicopatologias o trastornos de personalidad.

— Limitados al ambito familiar: son hombres fundamentalmente violentos con sus
parejas e hijos/as y su violencia es de menor frecuencia y gravedad en comparacion a
los otros dos grupos. Son agresores que no suelen presentar alguna psicopatologia o
trastorno de personalidad, aunque si pueden mostrar rasgos de personalidad obsesiva
y dependiente. Ademas, pueden haber sufrido niveles bajos o moderados de violencia

en la infancia (Holtzworth- Munroe et al., 2000).

— Borderline/disforicos (impulsivos): suelen ejercer violencia de intensidad media o alta
contra la pareja, contra otros/as miembros de la familia y a veces contra personas que
no forman parte del entorno familiar. Son los que presentan mayores alteraciones
psicoldgicas (principalmente impulsividad e inestabilidad emocional) y comparten
caracteristicas especificas de la personalidad abusiva como el apego temeroso y los
movimientos extremos de control a ira. Estas personas suelen justificar la violencia
ejercida y algunas de ellas han sufrido niveles de violencia moderada o grave durante

la infancia (Cavanaugh y Gelles, 2005).
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- Violentos generales o antisociales (instrumentales): suelen utilizar la violencia fisica y
psicoldgica como un instrumento para conseguir lo que quieren. Este tipo de violencia
no esta limitada al ambito familiar, por lo que suelen ser hombres que también
presentan problemas legales debido a sus conductas antisociales (Holtzworth-Munroe
y Stuart, 1994). Estos agresores presentan mayores niveles de narcisismo vy
manipulacion y es mas probable que abusen de sustancias como el alcohol y otras

drogas (Cavanaugh y Gelles, 2005).

En el afio 2000, Holtzworth-Munroe y Stuart revisaron su tipologia incluyendo un
cuarto perfil denominado antisocial de nivel bajo que se ubicaria entre los maltratadores
limitados a la familia y los violentos generales (Holtzworth-Munroe et al.,, 2000). La
introduccidon de este nuevo perfil, supone el cuestionamiento de un posible continuo de

antisocialidad dentro de la clasificacion (Amor et al., 2009).

Esta propuesta comparte multiples aspectos con tipologias tanto previas como
posteriores (Amor et al., 2009). Asi, después de la clasificacion de Hotlzworth-Munroe y Stuart
(1994), otros factores fueron tomando especial relevancia como las medidas psicofisiologicas
(Babcock et al., 2005; 2004; Gottman et al., 1995), el tipo de violencia y la reincidencia (Llor-
Esteban et al., 2016; Cunha y Gongalvez, 2013; Tweed y Dutton, 1998), dando lugar a dos, tres
e incluso cuatro subtipos de maltratadores (para una revision mas exhaustiva de las

tipologias, leer Loinaz et al. 2010).

Todas estas clasificaciones comparten un eje comun que posteriormente recogieron
las tipologias propuestas por Loinaz et al. (2010), Herrero et al. (2016) y finalmente Rodriguez-
Franco et al. (2017), que proponen la diferenciacién entre maltratadores generalistas,
caracterizados por cometer una mayor variedad de delitos y agresiones entre las que se
incluye la violencia de género, y los maltratadores especialistas que cometen delitos y
agresiones relacionados Unicamente con la violencia de género (Herrero et al., 2016). A pesar
de compartir caracteristicas con la clasificacion de Holtzworth-Munroe y Stuart, 1994), esta
nueva tipologia muestra que aunque los maltratadores especialistas parecen presentar una
trayectoria delictiva mas corta, menor abuso de sustancias y menos rasgos antisociales y
borderline que los maltratadores generalistas (Teva et al., 2022), si que realizan actos

violentos moderado-graves que llegan a ser letales (Herrero et al., 2016).
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En resumen, la literatura revela un perfil muy heterogéneo de hombres
maltratadores, donde las distintas formas de violencia y de agresion que llevan a cabo
estarian asociadas a multiples factores como el contexto sociocultural, la presencia de rasgos
de personalidad o psicopatologias (Lorente-Acosta, 2004). Es desde este lugar de
heterogeneidad, que promovemos una investigacion mas exhaustiva de algunos procesos que
ya fueron descritos en el pasado (como la flexibilidad para tomar decisiones y la impulsividad)
pero que, sin embargo, no se habian estudiado mediante herramientas objetivas. Un buen
ejemplo seria el empleo de las pruebas neuropsicoldgicas (Bueso-lzquierdo et al., 2015), que
han demostrado aportar medidas que fomentan una mejor caracterizacién de los hombres

maltratadores.

2. Funcionamiento neuropsicoldgico del hombre maltratador

Dentro de la neuropsicologia, los sustratos cognitivos que mads se han estudiado en
hombres maltratadores son las funciones ejecutivas (FE) (Bueso-lzquierdo et al., 2015a),
definidas como un conjunto de mecanismos superiores que se encuentran implicados en la
planificacion, regulacion y control de la cognicién y las acciones humanas (Miyake y Friedman,
2012). Numerosos estudios han demostrado que alteraciones en estas funciones se asocian a
dificultades en el control atencional, inhibicién y rigidez cognitiva, pudiendo promover un
comportamiento impulsivo que derive al uso de la violencia (Cruz et al., 2020; Holler y
Kavanaugh, 2013; Hofmann et al., 2012). Por otro lado, la literatura revela que el dafo
cerebral provocado por traumatismo craneoencefalico (TCE) es una de las causas mas
comunes de alteraciones neuropsicoldgicas que se han visto asociadas a la violencia general
(Siever, 2008) y que estan sobrerrepresentadas en poblaciones de individuos antisociales y

criminales (Farrer et al., 2012).

Las primeras investigaciones centradas en la violencia de género, se interesaron en
estudiar si la presencia de TCE podria estar relacionada con la violencia ejercida (Rosembaum
et al., 1994; Warnken et al., 1994) o podria explicar las alteraciones de las funciones ejecutivas
presentes en hombres maltratadores (Marsh y Martinovich, 2006; Cohen et al., 2003). Los
hallazgos de estas investigaciones mostraron que aunque existe una mayor prevalencia de
TCE en esta poblacién (Farrer et al.,, 2012), esto no determina que existan déficits

neuropsicoldgicos ni tampoco explica la violencia ejercida (Horne et al., 2020; Walling et al.,
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2012). Esta linea de trabajo fue retomada por Bueso-lzquierdo et al. (2019) que recalcd la
importancia de tener también en consideracion la gravedad de las anomalias cerebrales
estructurales. En su estudio reveld que los maltratadores no presentaban mas anomalias
estructurales graves en comparacién con hombres condenados por otros delitos, pero si
presentaban mds anomalias menores sin relevancia clinica. Estas anomalias menores no se
relacionaban con dafio cerebral por lo que demostraron que la presencia de alteraciones
estructurales no explica las diferencias de las alteraciones neuropsicolégicas, apoyando que

éstas no son suficientes para justificar la violencia ejercida (Bueso-lzquierdo et al., 2019a).

Por ello, otra linea de investigacion se interesé en estudiar el funcionamiento
ejecutivo tomando la presencia de TCE como criterio de exclusién o como variable a controlar
para estudiar a los hombres maltratadores en comparacién con hombres sin historial criminal.
La linea general de resultados reveld un perfil de maltratador caracterizado por una peor
inhibicién conductual (Wetsby et al., 1998) y una mayor impulsividad (Cohen et al., 2003),
menor flexibilidad cognitiva (Becerra-Garcia, 2015) y en escasa medida, alteraciones en la
atencién y memoria de trabajo (Teichner et al., 2001). Ademas, estos mismos estudios
también evaluaron procesos cognitivos estrechamente relacionados con las funciones
ejecutivas. Asi, los hombres maltratadores parecen presentar alteraciones en la atencién
sostenida, velocidad de procesamiento (Romero-Martinez et al., 2018) y dificultades en las
habilidades verbales y de vocabulario (Walling et al., 2012). Estos hallazgos neuropsicoldgicos
sugieren que la presencia de alteraciones ejecutivas y las bajas habilidades verbales podrian
estar en la base de una gestion agresiva de las situaciones y del uso de la violencia para
resolver los problemas (Cohen et al., 2003). Asimismo, Bueso-lzquierdo et al. (2016b) reveld
qgue los hombres condenados por violencia de género presentaban un funcionamiento
ejecutivo especifico, caracterizado por una menor impulsividad, mejor toma de decisiones y

peor flexibilidad, en comparacidon con hombres condenados por otros delitos.

A pesar de la creciente literatura en las Ultimas dos décadas, no se ha encontrado un
Unico patrén neuropsicoldgico de los hombres maltratadores. La falta de coherencia en los
resultados puede deberse a la existencia de diferentes perfiles, como hemos visto en el punto
anterior (Persampiere et al., 2014), a la influencia de variables sociodemograficas (Gage y

Thomas, 2017) o, al abuso de sustancias (Easton et al., 2008). De hecho, existe una amplia
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literatura que demuestra que la adiccién o abuso de sustancias influye significativamente en
las FE (Humenik et al., 2021) y podria ser un facilitador de la violencia (Leonard y Quigley,

2017).

Varios estudios muestran que los hombres maltratadores con dependencia al alcohol
presentan mayor impulsividad, menor flexibilidad cognitiva y peor memoria a largo plazo que
los hombres maltratadores no adictos al alcohol. Sin embargo esta diferencia desaparece
cuando se comparan a maltratadores adictos y hombres no violentos adictos (Vitoria-Estruch
et al.,, 2020; Easton et al., 2018). Del mismo modo, un estudio de Bueso-lzquierdo et al.
(2019b) muestra que los hombres maltratadores con antecedentes de abuso de sustancias
(hachis, cocaina y heroina) también presentan peor funcionamiento ejecutivo que los
hombres maltratadores sin consumo patoldgico, pero esto no se relaciona con la gravedad de

la violencia ejercida.

En conclusion, la creciente literatura interesada por el estudio neuropsicoldgico del
hombre maltratador muestra: por un lado, que no existe un perfil neuropsicolégico comun
aunque si parecen presentar alteraciones en la inhibicién y en la flexibilidad cognitiva, asi
como en las habilidades verbales. Por otro lado, y aunque parezca obvio, no todos los
maltratadores presentan un TCE o consumen drogas, asi como no todos los hombres que
sufren un TCE o consumen drogas son maltratadores (Bueso-lzquierdo et al., 2019b; Romero-
Martinez et al., 2019), por lo que el haber sufrido un TCE y el abuso de sustancias se postulan
como posibles facilitadores del empeoramiento ejecutivo, pero no explican la violencia de

género ejercida, cuyas raices se encuentran enterradas en la cultura.

Por todo ello, los estudios neurocientificos mas recientes han virado hacia la
asociacion entre los procesos neuropsicoldgicos y los procesos socioemocionales que se
encuentran estrechamente relacionados con la violencia de género (Romero-Martinez et al.,
2021; 2019; 2016a), en concreto, el reconocimiento de emociones, la empatia o la regulacion
emocional. Estos/as autores/as mostraron que los hombres condenados por violencia de
género presentan peor flexibilidad cognitiva, atencidon y reconocimiento de emociones de
otras personas (Romero-Martinez et al., 2019b). Estos factores cognitivos también se han
relacionado con la alexitimia, es decir, con la incapacidad de identificar, reconocer o nombrar

las emociones propias (Romero-Martinez et al.,, 2021a). Ademas, mostraron que el alto
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consumo de alcohol se relaciona con un peor procesamiento emocional y toma de perspectiva
(Romero-Martinez et al., 2016b). Esta linea de investigacion apoya una visién mas compleja
de la violencia de género, en la cual es necesario estudiar los procesos socioemocionales que

conforman la cognicidn social y sus bases cerebrales.

3. Estudios de la cognicion social en hombres maltratadores y sus bases neurales

La cognicion social hace referencia a como las personas dan sentido al mundo, a los
acontecimientos que les ocurren, a otras personas y a si mismas (Fiske y Taylor, 2020). En su
libro “Social Cognition: From Brains to Culture” (2013), las autoras indican que la cognicidn
social se sustentaria por un circuito cerebral que estd formado por redes entrelazadas, pero
al mismo tiempo separadas, donde cada una de ellas esta especializada en algin dominio de
la cognicidn social (Van Overwalle, 2009). Las autoras también identifican 14 dominios de la
cognicién social que van desde los procesos mas “bdsicos” como la atencién social,
representaciones sociales y codificacién de estimulos sociales, hasta los procesos de orden
mas “complejo” como son la inferencia, actitudes y toma de decisiones sociales (Happé et al.,

2016).

Bajo esta perspectiva, en la presente tesis nos centraremos en tres componentes de
la cognicidn social que son clave para entender la violencia de género: la toma de decisiones

sociales, la mentalizacion social y la regulacion emocional.

3.1. Toma de decisiones sociales

El estudio de la toma de decisiones tiene por objetivo entender la habilidad
fundamental de procesar multiples alternativas y elegir la mas éptima para llevarla a cabo
(Sanfey, 2007). La mayor parte de la investigacién en este campo se ha basado en paradigmas
donde los/as participantes tienen que basarse Unicamente en sus propios valores y
preferencias para tomar una decision como por ejemplo, la lowa Gambling Task (Bechara et
al., 2005). Sin embargo, en el dia a dia, nuestras decisiones individuales no estan ajenas al
contexto social. Por ello, entendemos la toma de decisiones sociales como “el proceso por el
cual las personas toman decisiones que afectan a otras y a si mismas” (Rilling y Sanfey, 2011).
A pesar de esta diferenciacion, la toma de decisiones sociales comparte elementos con la

toma de decisiones individual. Por ejemplo, muchas de nuestras decisiones implican
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conflictos a nivel de recursos neuropsicolégicos, asi como la evaluacion de los costes a corto

y largo plazo de tomar una decisién (Rilling, 2008).

Los sistemas neurales que sustentan la toma de decisiones sociales se han investigado
desde multiples perspectivas (Rilling, 2008). Uno de los modelos neurocognitivos mas
novedosos es el modelo tridadico reflectivo-impulsivo-interoceptivo (Turel y Bechara, 2016)
gue propone que la toma de decisiones se basa en la coordinacién de 3 sistemas
independientes: (1) el sistema reflectivo-prefrontal, que estaria involucrado en las funciones
ejecutivas, monitorizacion y regulacion y definicién de objetivos (Siddiqui et al., 2008); (2) el
sistema impulsivo-amigdalo estriado que mediaria la generacion de impulsos, el
reconocimiento y regulacion de las recompensas y castigos asi como de la habituacion de las
conductas automaticas (Yin y Knowlton, 2006); (3) el sistema interoceptivo-insular, que
implicaria los procesos de recibir, procesar y representar las sefiales internas, esenciales para

la conducta social adaptativa (Critchley y Garfinkel, 2017).

Es conocido que las conductas violentas pueden surgir por alteraciones en la toma de
decisiones sociales (Decety, 2021). Desafortunadamente, la mayoria de los estudios con
hombres maltratadores han evaluado la toma de decisiones individual. Por un lado, los
estudios muestran que los hombres condenados por violencia de género presentan una peor
toma de decisiones en comparacidon con hombres sin historial criminal, (Romero et al., 2021b)
siendo la toma de decisiones mas arriesgada en los maltratadores que consumen mas alcohol
(Vitoria-Estruch et al., 2018). Por otro lado, el estudio de Bueso-lzquierdo et al. (2016), mostré
gue los hombres maltratadores presentaban una toma de decisiones menos arriesgada en
comparacion con otros criminales. Finalmente, resaltar un estudio de Marin-Morales et al.
(2022a) que investigd la toma de decisiones morales en hombres condenados por violencia
de género. El estudio mostré que este grupo no mostraba diferencias a la hora de tomar
decisiones relacionadas con situaciones de violencia de género en comparacion a hombres
condenados por otros delitos. A pesar de la disparidad de los resultados, estos estudios nos
indican que los hombres maltratadores parecen presentar una toma de decisiones especifica,
gue parece estar relacionada con factores tanto cognitivos (Romero-Martinez et al., 2021b)
como socioemocionales (Bueso-lzquierdo et al., 2012). Por tanto, son necesarios futuros

estudios para profundizar en la comprensién de la toma de decisiones social especifica de la
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violencia de género. La importancia de estudiar este proceso reside en el proceso de filtraje
gue propone el modelo piramidal de la violencia de género (Bosch-Fiol y Ferrer-Pérez, 2019)
gue entiende el comportamiento violento como una decisién voluntaria. Del mismo modo,
una mejor comprension de la toma de decisiones permitira abordar la falta de adherencia que
se observa en los programas terapéuticos, siendo la decisidon genuina de participar uno de los

objetivos principales de estos programas (Echeburta y Amor, 2010).

3.2. Mentalizacion social

El término mentalizacidn social ha sido ampliamente discutido (Baetnes et al., 2014).
En la actualidad, numerosos autores/as utilizan términos similares de forma diferente y
distintas etiquetas para nombrar procesos aparentemente similares (mentalizacion, empatia
cognitiva y teoria de la mente) lo que provoca malentendidos y confusién. Por ello, en esta
investigacidon nos basaremos en la definicién de Luyten y Fonagy (2015) “La mentalizacion
social es la capacidad de entendernos a nosotros/as mismos/as y a los/as demds en términos
de estados mentales, emociones, deseos, actitudes y objetivos” (Luyten y Fonagy, 2015). El
constructo de mentalizacidn es, por tanto, un concepto que engloba conceptos como la
empatia, la autoconciencia y la teoria de la mente (ToM) (Van Overwalle y Baetnes., 2009;
Beer y Ochsner, 2006). Mientras que la empatia y la ToM se centran en procesos dirigidos
hacia otras personas, la autoconciencia se centra en el estado mental de uno/a mismo/a
(Choi-Kain y Gunderson, 2008), y del mismo modo, la empatia y la autoconciencia son
componentes de caracter mds emocional, mientras que la ToM se ha considerado un
componente mas cognitivo. Por tanto, la mentalizacidn social es mds amplia que cualquiera
de estos conceptos, ya que se centra tanto en el yo como en los/as otros/as, asi como en los
factores cognitivos y afectivos (Luyten y Fonagy, 2015). Ademads, la mentalizaciéon también
abarca la capacidad de interpretar el estado mental de otras personas en base a

caracteristicas externas y hacer una evaluacion de ello de acuerdo al conocimiento propio.

Los estudios de neuroimagen revelan que las dreas cerebrales coordinadas que
sustentan el proceso de mentalizacién social forman parte de la red neural por defecto
(DMN), abarcando, la corteza medial prefrontal (mePFC), el giro temporal medio (mTG), la
corteza cingular posterior (PCC), el precuneus, los giros angulares (AG) y la unién

temporoparietal (TPJ). Ademas, estudios recientes han mostrado la importancia de tener en
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consideracion las conexiones cerebro-cerebelares en el estudio de la mentalizacidn social. De
hecho, existen numerosos meta-andlisis que apoyan que las conexiones anatdmicas y
funcionales del cerebelo son clave en este proceso (Van Overwalle et al 2020a; Van Overwalle
et al., 2019; Guell., 2018; Strata, 2015; Buckner et al., 2011; Habas et al., 2009). Una de las
regiones mas relevante para el proceso de mentalizacién social es el Crus Il, un area del
cerebelo posterior que se conecta anatémica y funcionalmente con la DMN y también con la
red ejecutiva cuando se estan llevando a cabo procesos de la mentalizacion social (Van

Overwalle, et al., 2020).

De acuerdo a esta definicion, los resultados en la literatura centrada en el hombre
maltratador son dispares (Loinaz et al., 2012), pero sugieren un perfil caracterizado por la
presencia de dificultades en reconocer emociones faciales (Romero-Martinez et al., 2013),
adoptar el punto de vista de otras personas (Romero-Martinez et al., 2013) o de personajes
ficticios (Loinaz et al., 2021) asi, como en la atribucidon de pensamientos e intenciones a
otros/as (Salas-Picon y Caceres-Duran, 2017). Sin embargo, estas alteraciones en la
mentalizacion social parecen depender de los estimulos utilizados/presentados (Nyline et al.,
2018; Bueso-lzquierdo et al., 2015b). Concretamente, los resultados apuntan a que la
dificultad de ponerse en el lugar de otras personas o de empatizar, es especifica hacia sus
parejas o exparejas (Loinaz et al., 2021; Clements et al., 2007). Estos resultados van en
consonancia con la amplia literatura que demuestra que los hombres maltratadores
presentan sesgos cognitivos sobre la inferioridad de la mujer y los roles de género dentro de
la pareja (Echeburua et al., 2016), lo que desemboca en una falta de responsabilidad sobre la
violencia ejercida (Cunha et al., 2022; Loinaz, 2014; Lila et al., 2013), minimizacién y atribucion

de la culpa a la victima y a otros factores externos (Lila et al., 2012; 2008).

3.3. Regulacidon emocional: reevaluacion

La regulacion emocional se define como la capacidad de gestionar eficazmente las
experiencias emocionales mediante la implementacién de estrategias para iniciar, detener o
modular el estado emocional (Ford y Gross, 2018; Gross, 2002). Asi como una regulacién
emocional adaptativa se ha visto asociada a una mejor salud mental y fisica y mejor
funcionamiento interpersonal y profesional (Niven, 2017; Aldao y Nolen-Hoeksema, 2012),

una regulacién emocional desadaptativa representa un factor transdiagndstico en una gran
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variedad de trastornos (Aldao et al., 2016), menor empatia hacia otras personas y un mayor

uso de la violencia para resolver conflictos (Zaki, 2020)

El marco conceptual mas destacado de la regulacion emocional es “el modelo de
proceso de regulacién emocional" (Gross, 1998). Este distingue cinco familias de estrategias
de regulacion en una dimensién temporal que ubica cada una de ellas en una etapa distinta
del proceso emocional (Webb et al., 2012; Gross y Thompson, 2006). Por un lado, los procesos
focalizados en el antecedente ocurren previamente a que se dé la respuesta emocional
completa. Estos incluyen estrategias que implican la seleccion, modificacién de la situacion y
el despliegue atencional, como la distraccion (redirigir la atencién a otro estimulo) o la
concentracion (focalizar la atencion en la experiencia emocional). También implica el cambio
cognitivo que incluiria la reevaluacion cognitiva, en otras palabras, la reinterpretacién de la
situacién emocional. Por otro lado, los procesos focalizados en la respuesta se dan cuando la
respuesta emocional se ha generado, y abarca lo que se denomina la modulacion de la

respuesta, como es la estrategia de supresion expresiva (modificar la respuesta conductual).

Recientes modelos de procesamiento emocional sugieren que la regulacion emocional
se sustenta por la coordinacion de multiples sistemas neurales (Fischer et al., 2016; Smith y
Lane, 2015; Pessoa, 2008). Numerosos meta-analisis identifican regiones cerebrales que
parecen estar consistentemente activas durante la regulacion de emociones. Estas incluirian
la corteza prefrontal dorsolateral (DLPFC) y ventrolateral (VLPFC) y medial (MePFC), el area
suplementaria motora (SMA), insula, amigdala, y regiones temporo-parietales como el giro
temporal medio (mTG), la unién temporoparietal (TPJ), el giro superior-temporal (STG) y el
giro angular bilateral (AG). Sin embargo, recientes estudios revelan que las bases neurales
dependen de la estrategia de regulacién emocional que se use, el objetivo de la regulacién
(reducir o aumentar el estado emocional) (Morawetz, 2017) y el estimulo/evento que ha

generado la activacién de este multi-sistema de respuesta (Sokolowski et al., 2022).
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Figura 2. El modelo de proceso de regulacion emocional (2007).

Nota. Adaptado de Gross, J. J., & Thompson, R. A. (2006). Emotion regulation: Conceptual foundations. Handbook of emotion
regulation.

En base a este modelo (Figura 2), las investigaciones recientes sefialan que las
dificultades en la regulacién emocional parecen ser un factor de riesgo consistente en la
expresion de la violencia de género (Blake et al., 2018; Berke et al., 2016; Langer y Lawrence,
2010; Jakupcak, 2003). Entre las estrategias previamente descritas, es la reevaluacion
cognitiva la que mds se ha estudiado tanto en otras poblaciones violentas, como
especificamente en hombres maltratadores. Asi pues, se ha encontrado que los hombres
maltratadores parecen presentar dificultades a la hora de regular las emociones negativas,
siendo esto un facilitante de la violencia (McNulty y Hellmuth, 2008). Ademas, esta capacidad
regulatoria parece mediar entre el cumplimiento de las normas tradicionales de género y la
violencia ejercida (Tager et al., 2010). Concretamente, las dificultades en la regulacién
emocional median entre la evaluacidon negativa de uno mismo por no seguir las normas
tradicionales de género y la violencia ejercida hacia la pareja. También se ha visto que la

regulacion emocional media entre la expresién de violencia de género y los rasgos de
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personalidad (Krause-Utz et al., 2021) o, variables histdricas como haber sufrido maltrato en

la infancia (Zhong et al., 2022).

Considerando el capitulo anterior, el estudio neurocientifico permite explorar
diferentes caracteristicas y procesos subyacentes a la violencia de género. La investigacion de
la cognicidn social en hombres maltratadores nos permite acercarnos a la raiz de la violencia
de género, haciendo especial hincapié en los procesos de empatia, regulacion emocional y
los pensamientos distorsionados sobre la inferioridad de la mujer y el uso de la violencia. Sin
embargo, es importante tener en cuenta las caracteristicas psicolégicas (presencia de
trastornos de personalidad o psicopatologias) y el funcionamiento neuropsicolégico de esta
poblacién, ya que podrian dar cuenta de una alteracidn en los procesos de la cognicion social.
Este enfoque integrador nos permite abordar la gran heterogeneidad en los grupos de
maltratadores, y profundizar en los posibles factores protectores que pueden ser trabajados

en los programas de intervencién y de prevencion.

Tal y como comentamos en la introduccién del presente capitulo, uno de los pilares
de la neurociencia social es el estudio de los sistemas bioldgicos, siendo uno de los mas
relevantes el estudio del funcionamiento cerebral. Durante la Ultima década, se han hecho
grandes esfuerzos por explorar los correlatos neurobiolégicos en hombres maltratadores,
ofreciendo una nueva mirada a esta linea de investigacion. Por ello, dedicaremos el siguiente
capitulo a exponer los estudios realizados con hombres condenados por violencia de género

y proponer un novedoso paradigma en este campo.
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CAPITULO 3.

FUNCIONAMIENTO CEREBRAL DE
HOMBRES MALTRATADORES. HACIA LA
CONECTIVIDAD EN ESTADO DE REPOSO
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En los ultimos 30 afos, las técnicas de neuroimagen han ofrecido a los/as
investigadores/as de las neurociencias la oportunidad de estudiar cémo funciona y se
conectan los distintos sistemas cerebrales (Crosson et al., 2010). En el campo que nos
acontece, estudiar los correlatos neurobiolégicos del hombre maltratador permite en primer
lugar, profundizar en la heterogeneidad fenomenoldgica y etioldgica de la conducta violenta.
En segundo lugar, nos aporta nueva informacién para la caracterizacién de los hombres
maltratadores, contribuyendo asi al desarrollo de las intervenciones y los programas de
prevencion de la violencia de género. En tercer lugar, el uso de las herramientas de
neuroimagen aporta objetividad a la evaluacidon, complementando otras medidas como los

autoinformes (Bueso-lzquierdo et al., 2016a).

1. Estudios previos de neuroimagen en hombres maltratadores

Conceptualmente, las técnicas de neuroimagen pueden clasificarse en base a dos
enfoques. Por un lado, la neuroimagen estructural que permite la visualizacion y analisis de
las caracteristicas anatdmicas del cerebro. Estas son muy utiles para detectar dafios o
anomalias cerebrales y también permiten analizar distintas propiedades estructurales como
el tamafio, volumen o grosor de una regién cerebral (Hirsch et al., 2015). Por otro lado, la
neuroimagen funcional que permite estudiar la actividad hemodinamica o electromagnética
in vivo mientras los/as participantes realizan una tarea o estan en estado de reposo durante

la sesidon del escédner (Kasai et al., 2015).
1.1. Estudios estructurales en hombres maltratadores

El primer estudio fue realizado en poblacion comunitaria por Zhang et al. (2013).
Estos/as autores/as encontraron que los hombres maltratadores con dependencia al alcohol
mostraban un menor volumen global e intracraneal de la amigdala derecha en comparacion
a hombres no maltratadores con adiccion al alcohol y controles (hombres sin historial de
alcoholismo o violencia). A pesar de que este volumen de la amigdala derecha no se asociaba
con medidas de personalidad, sociodemograficas o de violencia, los/as autores/as sugieren
qgue este hallazgo podria estar relacionado con una desregulacion de las situaciones

estresantes que desembocaria en un uso de la violencia impulsiva (Zhang et al., 2013).
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A partir del estudio realizado por Bueso-lzquierdo et al. (2019a) donde quedd
demostrado que las anomalias estructurales menores (como ejemplo, asimetria ventricular,
quistes sin efecto de masa...), no podian explicar las alteraciones neuropsicolégicas ni
tampoco las diferencias en actividad funcional en el cerebro de hombres maltratadores,
los/as siguientes autores/as se interesaron en investigar si la existencia de alteraciones
estructurales podrian estar relacionadas con procesos socioemocionales que subyacen a la

violencia de género.

De este modo, el estudio de Verdejo-Roman et al. (2019), tenia por objetivo explorar
el grosor cortical de las areas involucradas en el procesamiento emocional de maltratadores
en comparacién a otros condenados. El estudio revelé por un lado, que los hombres
maltratadores presentaban una reduccién del grosor cortical del parahipocampo, surco
central insular y surco orbitomedial, asi como de la corteza cingulada anterior y posterior
dorsal. Por otro lado, mostraron que el menor grosor de la corteza cingulada posterior, se
relacionaba con un peor reconocimiento emocional. En linea con este hallazgo, un estudio
reciente llevado a cabo por Marin-Morales et al. (2022b) encontraron que los hombres
maltratadores mostraban un menor volumen del ndcleo accumbens y del cingulo dorsal
anterior en comparacion a hombres sin historial criminal. Estas diferencias anatémicas en
regiones involucradas en la regulacién emocional no se encontraron en comparacién con
otros delincuentes. Ademas, mostraron que el menor volumen de estas dos regiones
cerebrales se relacionaba con un mayor uso de estrategias regulatorias desadaptativas y

menor empatia cognitiva.

Teniendo en cuenta lo expuesto, las diferencias estructurales encontradas en
hombres maltratadores no son suficientes para explicar las diferencias en la actividad
funcional del cerebro, asi como tampoco la violencia ejercida. Estas alteraciones no serian
especificas de la violencia de género, sino mas prevalentes en poblaciones violentas en
general. Asi mismo, las diferencias en los pardmetros estructurales de regiones parecen estar
relacionadas con dificultades en el procesamiento emocional y regulacion emocional que

subyacen a la violencia (Raine, 2019).
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1.2. Estudios de activacion funcional en hombres maltratadores

Tal y como comentamos en la introduccidn del presente capitulo, los estudios
funcionales permiten observar cémo funciona el cerebro momento a momento (Kasai et al.,
2015). Hasta la fecha, todos los estudios realizados con hombres maltratadores se han
centrado en explorar la activacion cerebral durante tareas de procesamiento emocional
(Bueso-lzquierdo et al., 2016a; Lee et al., 2009; 2008), regulacion emocional (Marin-Morales

et al., 2021) y decisiones morales (Marin-Morales et al., 2022a).

El primer estudio funcional fue realizado por George et al. (2004) en poblacién
comunitaria utilizando la tomografia por emisién de positrones (PET). El estudio mostré que
los hombres maltratadores con abuso de alcohol mostraban menor captacion de glucosa en
el hipotdlamo derecho asi como menor correlacion entre areas cortical y subcorticales en
comparacion a hombres no violentos con abuso de alcohol y con hombres sin historial de
abuso de alcohol o de violencia. Los autores sugieren que estas diferencias podrian estar
asociadas a un procesamiento del miedo alterado que facilitaria llevar a cabo actos de
violencia doméstica. Posteriormente, Stanford et al. (2007) estudid las funciones ejecutivas y
el componente P3 a través de la electroencefalografia (EEG). De acuerdo a la literatura, el
componente P3 reflejaria la capacidad de atribuir recursos atencionales (a mayor amplitud,
mejor atribucion). Asi, este estudio mostré que en comparacion a controles, los hombres
condenados por violencia de género realizaron significativamente peor las tareas de
funciones ejecutivas y mostraban una menor amplitud de la P3, yendo en consonancia con

estudios previos de hombres agresivos impulsivos (Stanford et al., 2003).

En la ultima década, la resonancia magnética funcional (fMRI) paso a ser la técnica
mas utilizada en el estudio de los correlatos neurobiolégicos del hombre maltratador. Se trata
de una técnica hemodindmica ya que mide diferentes propiedades del flujo sanguineo y la
oxigenacion en sangre como resultado de la actividad neural, en otras palabras, se trata de
una medida indirecta de la actividad neural (Jafarian et al., 2020). En concreto, la sefial
hemodinamica mas utilizada se conoce como contraste dependiente del nivel de oxigeno en

la sangre (BOLD, Box 1).
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El grupo de Lee et al. (2009; 2008), fue el primero en medir esta seiial BOLD con el
objetivo de estudiar el procesamiento emocional de hombres maltratadores. En su primer
estudio (Lee et al., 2008), emplearon una tarea de stroop emocional para mostrar que ante
palabras agresivas, los hombres maltratadores presentaban una menor activacién de areas
frontales y mayor activacién de areas limbicas en comparacién a hombres sin historial
violento. El estudio concluyé que los hombres maltratadores parecen mostrar recursos
prefrontales inadecuados para la regulacién de la activaciéon limbica generada por los
estimulos negativos. En su segundo estudio (Lee et al., 2009), compararon el funcionamiento
cerebral de ambos grupos ante imdgenes afectivas (neutras, positivas, relacionadas con
violencia, y relacionadas con violencia de género). Los hombres maltratadores presentaron
mayor activacién del hipocampo, giro fusiforme, el tdlamo y la corteza occipital ante imagenes
amenazantes y también una mayor activacion del precineo ante imagenes de violencia de
género. Ademas, también mostraron una mayor activacidn del orbitofrontal, cingulo anterior
y corteza parietal inferior ante estimulos positivos. Ambos estudios revelaron que el
funcionamiento cerebral de los hombres maltratadores difiere segun los estimulos

presentados.

Las neuronas no almacenan su propia provision de energia, por lo que necesitan un suministro
constante de oxigeno y glucosa para funcionar. El proceso implicado en la unién estrecha entre la
actividad neuronal y el flujo sanguineo se denomina acoplamiento neurovascular y va a ser el que
genere la sefial BOLD (Armony et al., 2012). A nivel microscépico, cuando un grupo de neuronas se
activan, aumenta el consumo de glucosa de dicha regidon y por lo tanto, aumenta la respuesta
hemodinamica, provocando un incremento del flujo y volumen sanguineo de los capilares adyacentes
(Giménez-Navarro et al., 2020, p. 68). El suministro entrante de sangre oxigenada supera con creces la
demanda, lo que conduce a un aumento local del nivel de oxigenacion del flujo sanguineo,
desembocando en un aumento de la sefial BOLD (Gauthier y Fan, 2019). Esta respuesta hemodinamica
a la actividad neuronal es un proceso lento que alcanza su maximo aproximadamente 5-6 segundos
después del comienzo de la actividad neuronal (Bijsterbosch et al., 2017, p. 2).

Recientes estudios revelan que la sefial BOLD refleja principalmente la actividad postsinaptica
sincronizada. Por tanto, estariamos midiendo predominantemente la suma de los inputs de un conjunto
de neuronas y no tanto los outputs de esas neuronas (Shmuel y Maier 2015). Ademas de las neuronas,
existen otras células que también se relacionan con el flujo sanguineo, como son los astrocitos,
encargados de mediar en el control neuronal de los cambios neurovasculares (Petzold y Murthy, 2011).
Por tanto, la sefial BOLD seria también una consecuencia de la actividad de las células gliales (Figley y
Stroman, 2011).
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Esta linea de investigacion fue retomada por Bueso-lzquierdo et al. (2016) donde
compararon a hombres condenados por delitos de violencia de género frente a hombres
condenados por otros delitos. El estudio corroboré que los hombres maltratadores
presentaban hiperactivacién de areas prefrontales, del drea suplementaria motora e insula
ante estimulos de violencia (p.ej: imagenes de peleas entre hombres). También mostraron
una mayor activacion del cingulo posterior, precuneus y giro angular en los maltratadores
ante imdagenes de violencia de género. Cabe resaltar que estas areas cerebrales forman parte
de la red neural por defecto (DMN) y que estan estrechamente relacionadas con la memoria

autobiografica y el razonamiento emocional y moral (Li et al., 2014).

Posteriormente, Marin-Morales et al. (2021) estudiaron las bases cerebrales de la
regulacion emocional en hombres condenados por delitos de violencia de género. Para ello,
compararon la activacién cerebral de este grupo, con un grupo de hombres condenados por
otros delitos y un grupo de hombres sin historial criminal durante una tarea de regulacion
emocional. Durante la realizacidn de esta tarea tenian que observar (visualizar pasivamente),
experimentar (incrementar su estado emocional) o suprimir (reducir su estado emocional)
sus emociones durante la visualizacion de imdgenes neutras, negativas y de violencia de
género. El estudio reveld en primer lugar, que los hombres maltratadores presentaban
diferencias en la activacién funcional no solo dependiendo del objetivo (suprimir o
experimentar), sino también dependiendo del estimulo (negativos o de violencia de género).
Concretamente, mostraron menor activacion de la SMA a la hora de incrementar sus
emociones ante imagenes de violencia de género, e hiperactivacion de la corteza prefrontal
ventrolateral a la hora de suprimir el estado emocional ante imagenes de violencia de género.
Ademads, la activacion de estas regiones, correlaciond con medidas de regulacién

desadaptativas, asi como con una menor empatia.

Finalmente, los/as mismos autores/as investigaron la toma de decisiones morales en
hombres maltratadores (Marin-Morales et al., 2022a). El grupo de hombres condenados por
delito de violencia de género fue comparado con otro grupo de hombres condenados por
otros delitos ante una tarea de dilemas morales relacionados con violencia de género. El
estudio reveld que tanto los hombres maltratadores como los otros delincuentes mostraron

activacién de la DMN ante dilemas de violencia general, sin embargo ante dilemas de violencia
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de género, Unicamente el grupo de maltratadores no activaba la DMN. Esta red neural
desempefia un papel fundamental en el juicio moral (Reniers et al., 2012), en la teoria de la
mente y empatia (Doyurter et al., 2016). Marin-Morales et al. (2022a) hipotetizan que la no-
activacion de la DMN ante dilemas de violencia de género podria interpretarse como una falta

de conflicto moral para los hombres maltratadores.

En resumen, los resultados de estos estudios ponen de manifiesto los siguientes

hallazgos:

— Los hombres condenados por violencia de género muestran una activacién cerebral
diferente durante procesos emocionales y morales en comparacion con hombres
condenados por otros delitos y hombres sin historial delictivo.

— El funcionamiento cerebral es especifico cuando los maltratadores procesan, regulan
o toman decisiones morales sobre situaciones de violencia de género.

— Las principales diferencias en la activaciéon cerebral estdn recogidas en regiones
prefrontales (VLPFC y DLPFC, OFC), subcorticales (amigdala, hipocampo), insula y en

la red neural por defecto (PCC, precineo y giros angulares).

2. Integracion funcional. Hacia la conectividad cerebral en estado de reposo

Como se ha visto en el apartado anterior, hasta la fecha, todos los estudios centrados
en el hombre maltratador han explorado la activacidn cerebral durante tareas. Gracias a los
avances tedricos sobre el funcionamiento cerebral, sabemos que para que se den estados
cognitivos o conductuales coherentes, las regiones cerebrales involucradas deben activarse
de forma coordinada (Friston et al.,, 2019). Esta coordinacién se rige por el principio de
integracion funcional y haria referencia a la unién y conexiéon entre las areas cerebrales
especializadas. El planteamiento mas utilizado para dar respuesta a la integracién funcional
es el de conectividad cerebral, definida como un patrén de conexiones anatémicas
(conectividad anatdmica), de relaciones estadisticas (conectividad funcional) o de
interacciones causales (conectividad efectiva) entre distintas regiones cerebrales

anatémicamente segregadas (Box 2).

La conectividad cerebral puede ser estudiada tanto en estudios de RMNf en tareas

(fMRI-tarea), o mediante el paradigma de estado en reposo (fMRI-en reposo). En este ultimo,
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las imagenes cerebrales se adquieren en ausencia de un estimulo o tarea. Generalmente se
les solicita a los/as participantes que permanezcan tumbados inmdviles en el escaner, con los
ojos abiertos o cerrados (Wei et al., 2018), intentando no pensar en nada. Debido a su facil y
rapida adquisicién (normalmente 5-10 minutos), la RMNf-reposo ofrece multiples ventajas a
nivel practico, como la posibilidad de estudiar la actividad cerebral en nifios/as o pacientes
gue de otro modo no podrian completar experimentos largos o realizar tareas complejas (Lee

et al., 2013).

La conectividad en estado de reposo se describe cominmente como la asociacion de
fluctuaciones - u oscilaciones - espontaneas de la sefal cerebral de baja frecuencia (<0.1 Hz)
(Bijsterbosch et al., 2017, p.9; Fox y Raichle, 2007). El interés por investigarla, parte del
supuesto de que estas fluctuaciones son una medida de la actividad intrinseca del cerebro, lo
gue ofrece informacién valiosa sobre su arquitectura funcional (De la Iglesia-vaya et al., 2013).

Es por ello, que la investigacidn clinica acoge esta técnica para entender mejor las anomalias

Conectividad estructural: hace referencia a las relaciones anatdmicas entre distintas areas (Park y Friston,
2013). A través de las imagenes de difusion con tensor de difusion y los métodos probabilisticos de
tractografia, se puede estudiar la red estructural del cerebro en términos de tractos de materia blanca que
fisicamente conectan diferentes regiones cerebrales entre si (Uddin, 2013).

Conectividad funcional: se trata de un concepto fundamentalmente estadistico y hace referencia a la
coincidencia temporal de eventos neurofisioldgicos espacialmente distanciados (Friston, 1994). En otras
palabras, permite explorar la existencia de patrones de actividad temporalmente coordinados en regiones
distantes del cerebro. Se considera que dos regiones muestran conectividad funcional si existe una relacién
estadistica (las mas comunes son la correlacién o covarianza) entre las medidas de actividad registradas de
las mismas (Eickhoff y Miiller, 2015). Los analisis de conectividad funcional mas utilizados son el analisis de
componentes independientes (ICA) que permite estudiar un patréon de comportamiento entre areas de una
misma red, y el andlisis de semilla, que consiste en explorar qué regiones del cerebro correlacionan con un
area “semilla” que ha sido previamente escogida (Lv et al., 2018).

Conectividad efectiva: hace referencia a la influencia que un conjunto de neuronas ejerce sobre otro
conjunto en base a un modelo de red dindmica y causal (Friston, 2011). Este método permite realizar
inferencias causales (dirigidas) sobre la arquitectura neural del cerebro a través de diferentes enfoques
tedricos, siendo los mas utilizados, el método de Causalidad de Granger y el Modelado Causal Dinamico
(DCM) (para mas detalles ver Friston et al., 2003). Una vez obtenida la sefial BOLD y calculada la conectividad
funcional entre regiones - medida observable - podemos preguntarnos por las causas latentes que
determinan la conectividad funcional medida (Stephan et al., 2010). Estas causas latentes, hacen referencia
a la actividad neuronal y el modo de acceder a ellas es a través de modelos inferenciales (Friston et al., 2013).
En definitiva, cuando hablamos de conectividad efectiva hacemos referencia a las causas latentes que
generan la conectividad funcional - consecuencias observables- .
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funcionales que subyacen a diferentes estados de un trastorno, lo que en ultima instancia
conduciria, a un biomarcador del funcionamiento cerebral en estado de reposo (Canario et

al., 2021; Fox y Greicius, 2010).

Ademas de las aplicaciones mas clinicas, desde la neurociencia social se ha propuesto
gue la actividad cerebral en reposo se puede relacionar con la cognicidn social (Fiske y Taylor,
2013, p. 19). Practicamente toda la actividad humana esta moldeada por el contexto social o
tiene implicaciones sociales, lo que nos obliga a estar constantemente procesando
significados sociales (Klin et al., 2003). De ello se deduce que pensar en las relaciones sociales
puede ser una actividad “por defecto” del cerebro humano (lacobini et al., 2004). Si esto es
cierto, los correlatos neurobioldgicos que sostienen algunos procesos de la cognicién social
podrian ser estudiados durante la RMNf-reposo. En respaldo de esta idea, encontramos una
amplia literatura que revela un solapamiento entre las redes cerebrales activadas en estado
de reposo y las dreas que se activan durante tareas de procesamiento social (Doruyter et al.,
2016). Del mismo modo, numerosos estudios que trabajan con poblacidn clinica, por ejemplo
personas con autismo, esquizofrenia o depresiéon, muestran que una conectividad intrinseca
alterada se relaciona con déficits en diferentes procesos de la cognicidn social (Lau et al.,

2019; Jiménez et al., 2019; Brakowski et al., 2017).

Aproximandonos al campo de la violencia, encontramos una extensa literatura
interesada en el estudio de la conectividad en estado de reposo en poblacién violenta, bien
con el objetivo de compararla con personas sin historial criminal o, con el objetivo de explorar
la relacion entre la conectividad intrinseca y rasgos de personalidad, procesos
neuropsicolégicos o emocionales. La mayoria de estos estudios han sido realizados con
personas que presentan rasgos psicopaticos (Korponay et al., 2017; Contreras-Rodriguez et
al., 2015; Pujol et al., 2019), poblacidon en prision por haber cometido delitos de violencia (Siep
et al., 2019; Leutgeb et al., 2015); y personas con diagndstico de trastorno antisocial o de la
conducta (para revisién mas exhaustiva, leer Dugré y Potvin, 2021). Ademas, es importante
comentar que gran parte de esta investigacion ha sido realizada con hombres adultos, aunque
cada vez hay mas interés puesto en mujeres (Yoder et al., 2022), asi como en poblaciones mas

jovenes (Umbach y Tottenham, 2021; Lu et al., 2021).

39



A pesar de la gran variabilidad en los resultados, en gran medida debido al tipo de
poblacién estudiada, también podemos mostrar una linea de hallazgos comun.
Concretamente, en comparacion a poblaciones sin historial criminal, estos grupos parecen
mostrar una conectividad “alterada” de: (1) la DMN, red que sostiene diferentes procesos de
la cognicidn social como la mentalizacidn social asi como procesos asociados a la moralidad
(Raine et al., 2019); (2) conectividades entre regiones prefrontales y areas subcorticales
(amigdala, ganglios basales, hipocampo/parahipocampo), ampliamente estudiadas en la
generacion y regulacion emocional (Morawetz et al., 2016a). (3) conectividades entre
regiones prefrontales y areas parietales, que harian referencia a procesos mas cognitivos
relacionados con la toma de decisiones, memoria de trabajo, inhibicién y ejecucién de
conductas dirigidas a un objetivo (Gutiérrez y Solis, 2011). En menor medida también
observamos una conectividad alterada de regiones premotoras y sensoriomotoras. Debido a
estos hallazgos tan alentadores, esta linea de investigacion da un paso mas alld proponiendo
gue la conectividad en estado de reposo podria ser un potencial biomarcador de los procesos
subyacentes a la violencia (Romero-Martinez et al., 2019a; Dailey et al., 2018; Chen et al,,

2015).

Por todo ello, y trayendo lo expuesto en el capitulo anterior, el estudio de Ia
conectividad cerebral en estado de reposo podria darnos informacion sobre los mecanismos
neurales que sustentan procesos de la cognicidn social (la toma de decisiones sociales, la
mentalizacidn social y la regulacion emocional) que, a su vez, estarian a la base de la violencia
(Figura 3). Es importante tener en cuenta que la violencia es un concepto muy complejo, y
que por tanto uno de los objetivos de la neurociencia es diferenciar entre distintas
poblaciones violentas. Pese al notable auge en el estudio de la conectividad cerebral en
reposo en personas que ejercen violencia, hasta hoy en dia, no existe ningun estudio que haya

explorado la conectividad intrinseca en hombres maltratadores.
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Figura 3. Relacidon entre la conectividad en estado de reposo, los procesos de la
cognicion social y la expresion de la violencia.
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1. Justificacion

Como se ha expuesto en los capitulos anteriores, la violencia de género es un problema
social devastador de cardacter estructural (Bosch-Fiol y Ferrer-Pérez, 2019). La alta incidencia
y las graves consecuencias que sufren las mujeres victimas y su entorno (en especial los/as
hijos/as), demandan una aproximacion multidisciplinar desde los sectores politico-legal,
socio-sanitario y educativo (OMS, 2018). En las ultimas décadas, el estudio de la violencia de
género ha experimentado un aumento extraordinario, tomando cada vez mas fuerza el
interés por entender los mecanismos sociales, cognitivos y afectivos que promueven la
expresion de la violencia de género (Romero-Martinez et al., 2019a). De este modo, uno de
los campos de investigacion mas destacados en la actualidad es la neurociencia social, que
propone estudiar los correlatos neurobiolégicos del comportamiento violento del hombre
maltratador, con el objetivo de adquirir una mejor comprension de la etiologia de la conducta

violenta (Bueso-lzquierdo et al., 2016a).

Bajo este modelo, el estudio de la cognicién social revela que los hombres
maltratadores muestran dificultades a |la hora de reconocer emociones en otros/as (Romero-
Martinez et al., 2013), asi como empatizar y ponerse en el lugar de otras personas (Salas-
Picdn y Cdceres-Duran, 2017). Estos procesos formarian parte de la mentalizacién social,
definida como la capacidad de entendernos a nosotros/as mismos/as y a los/as demas en
términos de estados mentales, emociones, deseos y objetivos (Luyten y Fonagy, 2015). Por
otro lado, recientes estudios indican que el comportamiento del hombre maltratador podria
estar asociado a una regulacién emocional alterada (Shorey et al., 2015). Concretamente, se
ha observado que los hombres maltratadores presentan mas dificultades a la hora de regular
sus emociones negativas mediante la estrategia de reevaluacion que consiste en la
reinterpretacion de la situacion emocional (Berke et al., 2019). Finalmente, a pesar de |a falta
de estudios en hombres maltratadores, los estudios con otras poblaciones muestran que la
violencia ejercida estd estrechamente relacionada con la toma de decisiones sociales (Decety,
2021) definida como el proceso por el cual las personas toman decisiones que influyen a otras
y a si mismas (Rilling y Sanfey, 2011). Es importante resaltar que estas dificultades parecen
ser especificas hacia su pareja o expareja (Loinaz et al., 2021), lo que sugiere que no existe

una alteracién, sino un procesamiento diferente que podria explicar parte de la conducta
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violenta. Estos hallazgos son respaldados por los estudios de neuroimagen que revelan que

los hombres maltratadores presentan un patrén de activacidon cerebral especifico ante

estimulos de violencia de género durante tareas de procesamiento, regulacion emocional

(Marin-Morales et al., 2021; Bueso-lzquierdo et al., 2016a; Lee et al., 2009; 2008) y toma de

decisiones morales (Marin-Morales et al., 2022a).

A pesar del creciente interés por investigar los mecanismos cerebrales en hombres

maltratadores, hoy por hoy, no existen estudios que hayan explorado como se conectan e

interrelacionan las bases neurales que sustentan estos procesos. Para ello, una de las técnicas

mas prometedoras es el estudio de la conectividad en estado de reposo. Esta haria referencia

a la actividad intrinseca o espontdnea del cerebro y permite estudiar la arquitectura funcional

del cerebro y su relacién con procesos de
la cognicidon social (Doruyter et al., 2017).
M4ds concretamente, las investigaciones en
distintas poblaciones violentas revelan que
la conectividad en estado de reposo estaria
relacionada con procesos tanto
neuropsicolégicos como socioemocionales
gue se encuentran a la base de la violencia
ejercida (Siep et al.,, 2019). Asimismo,
encontramos estudios que sugieren que la
conectividad en estado de reposo podria
ser un potencial predictor de
determinados procesos estrechamente
relacionados con la violencia (Romero-
Martinez et al., 2019a; Dailey et al., 2018;
Chen et al., 2015). Por ello, la exploracién
de la conectividad cerebral en reposo de

las bases neurales (Figura 4)

subyacentes a procesos de la cognicidn

social en hombres maltratadores

permitira adquirir un mayor

o TOMA DE DECISIONES
SOCIALES

REEVALUACION ESTRIADO

AMIGDALA
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‘ """""""""" rDLPFC [NSULA

SMA
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TPJ/STG
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PRECUNEO Al
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o MENTALIZACION
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Figura 4. Bases neurales de los procesos

estudiados en la presente tesis.

Nota. VLPFC = corteza ventrolateral prefrontal; DLPFC = corteza
dorsolateral prefrontal; MPFC = corteza medial prefrontal; SMA =
area suplementaria motora; TPJ = juncidn temporoparietal; MTA =
area temporal media; AG = giros angulares; PCC = corteza cingulada
posterior
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conocimiento sobre los procesos que sostienen la conducta violenta (Bueso-lzquierdo et al.,
2016a) y contribuir al desarrollo de herramientas de evaluacion y programas de
intervencion/prevencion para reducir la reincidencia y la violencia (Bueso-lzquierdo et al.,

2012).

2. Objetivo general

El objetivo general de esta tesis es estudiar la conectividad cerebral en estado de reposo
de hombres condenados por delitos de violencia de género en comparacidon con hombres sin
historial criminal y hombres condenados por delitos distintos a la violencia de género.
Concretamente, se estudiard la conectividad intrinseca de los procesos de toma de

decisiones, mentalizacion social y la reevaluacion.

3. Objetivos especificos e hipdtesis

Del objetivo principal se derivan los siguientes tres objetivos especificos y sus

correspondientes hipdtesis (Figura 5):

Objetivo 1. Explorar la conectividad funcional en estado de reposo de los sistemas cerebrales
(reflectivo, impulsivo e interoceptivo) que subyacen al proceso de toma de decisiones en

hombres condenados por delitos de violencia de género.

— Hipdtesis 1: los hombres maltratadores presentaran una conectividad diferente a
otros delincuentes y a hombres sin historial criminal entre regiones prefrontales
(sistema reflectivo) y regiones amigdalo-estriadas e insulares (sistemas impulsivo e
interoceptivo).

— Hipdtesis exploratoria: La conectividad funcional especifica de hombres maltratadores
estard asociada a procesos que se han encontrado alterados en esta poblacion. A
saber, las funciones ejecutivas (inhibicion, memoria de trabajo, flexibilidad cognitiva y
toma de decisiones), procesos socioemocionales (empatia, reconocimiento y
regulacién emocional y pensamientos distorsionados sobre la mujer y el uso de la

violencia) e impulsividad.
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Este primer estudio se corresponde con el 52 capitulo de esta tesis y ha sido publicado en la

revista Scientific Reports.

Amaoui, S., Martin-Pérez, C., Marin-Morales, A., Bueso-lzquierdo, N., Garcia-Leén, M. A.,
Pérez-Garcia, M., & Verdejo-Roman, J. (2022). Resting-state functional connectivity
and socioemotional processes in male perpetrators of intimate partner violence

against women. Scientific reports, 12(1), 1-11. https://doi.org/10.1038/s41598-022-

14181-2

Objetivo 2. Investigar la conectividad funcional en estado de reposo de las bases cerebro-
cerebelares de la mentalizacion social en hombres condenados por delitos de violencia de

género.

— Hipdtesis 1: los hombres maltratadores presentaran una mayor conectividad entre el
area cerebelar Crus Il y regiones de la DMN y la TPJ en comparacién con otros
delincuentes y hombres sin historial criminal.

— Hipdtesis 2: La conectividad funcional especifica de hombres maltratadores se
relacionara negativamente con la empatia, el reconocimiento de emociones y
positivamente con los pensamientos distorsionados sobre la mujer y el uso de la

violencia.

Este segundo estudio se corresponde con el 62 capitulo y ha sido publicado en Journal of

Psychiatric Research.

Amaoui, S., Marin-Morales, A., Martin-Pérez, C., Pérez-Garcia, M., & Verdejo-Roman, J.
(2022). Social mentalizing in male perpetrators of intimate partner violence against
women is associated with resting-state functional connectivity of the Crus Il. Journal
of psychiatric research, 150, 264-271.
https://doi.org/10.1016/j.jpsychires.2022.03.044

Objetivo 3. Estudiar la conectividad efectiva en estado de reposo de la red neural que
sustenta la estrategia regulatoria de reevaluacion en hombres condenados por violencia de

género.
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— Hipdtesis 1: los hombres maltratadores mostraran patrones de conectividad efectiva

diferentes entre las areas cerebrales implicadas en la estrategia de reevaluacién, en

comparacion a los dos grupos control (otros delincuentes y hombres sin historial

criminal).

— Hipdtesis 2: La habilidad de regular las emociones negativas ante estimulos de

violencia de género modulard la conectividad efectiva intrinseca de los hombres

maltratadores.

Este ultimo estudio se corresponde con el 72 capitulo y se puede encontrar

prerregistrado en:

Amaoui, S., Marin-Morales, A., Martin-Pérez, C., Pérez-Garcia, M., Verdejo-Rman, J., &

Morawetz, C. (2022). Intrinsic neural dynamics underlying the ability to down-regulate

emotions in male perpetrators of intimate partner violence against women (en

preparacion). https://doi.org/10.17605/0SF.I0/AUJ2M

OBJETIVO GENERAL

Explorar la conectividad cerebral en reposo de hombres
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CAPITULO 5:

RESTING-STATE FUNCTIONAL CONNECTIVITY
AND SOCIOEMOTIONAL PROCESSES IN MALE
PERPETRATORS OF INTIMATE PARTNER
VIOLENCE AGAINST WOMEN

Este capitulo se encuentra publicado en:
Amaoui, S., Martin-Pérez, C., Marin-Morales, A., Bueso-lzquierdo, N., Garcia-Leén, M. A.,
Pérez-Garcia, M., & Verdejo-Roman, J. (2022). Resting-state functional connectivity and

socioemotional processes in male perpetrators of intimate partner violence against women.

Scientific Reports, 12(1), 1-11.
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1. Introduction

Intimate partner violence against women (IPVAW) has become a priority social issue
and a major public health concern due to the alarming statistics and severity (Ali & Naylor,
2013). Previous literature has highlighted not only the high prevalence of violence against
women globally, but also its adverse physical, psychological, social and economic harm
(Wathen et al., 2018; Nathason et al., 2012; Plazaola-Castaifio & Pérez, 2004). Due to its
complex and multicausal nature, new approaches have been developed to achieve a better
comprehension of this specific violence (Corvo & Dutton et al., 2015; Pinto et al., 2010).
Neuroscientific advances have offered the opportunity to study brain functioning in male

perpetrators as a new key component for IPVAW research (Bueso-lzquierdo et al., 2016a).

Over the last decade, research in IPVAW has focused on studying different processes
such as social decision-making in order to understand why male perpetrators engage in
violence against their female intimate partner (Marin-Morales et al., 2022a). Social decision-
making is defined as the process by which people make decisions that affect others as well as
themselves (Rilling & Sanfey, 2011), which is crucial for adaptive social interactions (Fehr &
Camerer, 2007). According to the Triadic Reflective—Impulsive—Interoceptive Awareness
Model (Turel & Bechara, 2016) decision-making is sustained on the basis of three
differentiated but dependent systems. First, the Reflective prefrontal brain system which is
involved in executive functions, cognitive and emotional control (Siddiqui et al., 2008).
Second, the Impulsive amygdala-striatal brain system which coordinates automatic and
impulsive behaviors (Yin & Knowlton, 2006a). Finally, the Interoceptive-awareness insular
brain system which is implicated in perceiving, processing and representing afferent internal
signals (Critchley & Garfinkel, 2017). Alterations in these processes may lead to maladaptive

and violent behaviors (Raine, 2019).

Previous literature reveals that male perpetrators present different activation in brain
areas within these three systems during emotional processing and emotional regulation fMRI
tasks in comparison to other offenders and non-offenders. More concretely, a study of Lee et
al. (2009; 2008) demonstrated less activation of prefrontal areas and higher activation of the
limbic system (amygdala) and insula in male perpetrators compared to controls in response

to aggressive stimuli. Another study demonstrated similar results in male perpetrators in
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comparison to other convicted men (Bueso-lzquierdo et al., 2016a). Finally, a recent study
showed that male perpetrators present specific prefrontal and amygdalar activation during
different emotional regulation processes in comparison to non-offenders and other offenders
(Marin-Morales et al.,, 2021). Interestingly, these few neuroimaging results have been
obtained studying brain activation during fMRI-tasks, and no study has explored brain
functioning under resting-state. Over the last few years, a new research line interested in
studying whether the resting-state functional connectivity (rsFC) could be a predictor of
violent proneness has emerged (Romero-Martinez et al., 2019a). In this sense, a recent study
has shown that violent men (including male perpetrators) showed different connectivity
between prefrontal, amygdalar and insular areas in comparison to non-offenders during a
resting-state scan (Siep et al., 2019) and proposes that different types of violence might be
associated to different functional connectivity (Raine, 2019). All these studies suggest a
different connectivity between prefrontal areas (reflective brain system) and amygdalar and
insular areas (impulsive and interoceptive brain systems), underlying an inadequate top-down

regulation in male perpetrators.

Therefore, the purpose of this research is to study, for the first time, the resting-state
functional connectivity of the brain systems involved in social decision-making (Turel &
Bechara, 2016) in male perpetrators and compare it to two groups: men with no criminal
records and men convicted for crimes unrelated to IPVAW (Bueso-lzquierdo et al., 2016a).
Moreover, as an exploratory aim, we examined the possible association between the specific
functional connectivity of male perpetrators and the executive functioning (i.e.: updating
process, inhibition, decision-making and cognitive flexibility), and the socio-emotional
processes (i.e.: empathy, emotion recognition, emotion regulation, distorted thoughts about

women and violence and impulsivity) previously found altered in this population.

To date, there are no previous studies exploring the rsFC in male perpetrators and
given the novelty of this line of research, we did not make a priori hypotheses about the
specific connections that would be implicated nor about the directionality of effects,
however, based on the resting-state literature in violent populations (Romero-Martinez et al.,
2019a; Siep et al., 2019) and the studies of brain activation in male perpetrators (Marin-

Morales et al., 2022a; 2021; Bueso-lzquierdo et al., 2016a) we hypothesized that male
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perpetrators would present a different resting-state functional connectivity in comparison to
non-offenders and other offenders, between prefrontal areas (reflective system) and
amygdala-striatal and insular areas (impulsive and interoceptive system). As an exploratory
hypothesis, we hypothesized that specific functional connectivity in male perpetrators would

be associated with executive functions and socioemotional processes.

2. Methods

Participants

The study comprised 84 men (age ranged from 20 to 64 years) divided into 2 convicted
groups and a group with no criminal records. The convicted groups involved 26 male
perpetrators convicted of intimate-partner violence against women (MPG) and 29 men
convicted of crimes other than IPVAW (other offenders group, OOG). The group of 29 non-
convicted men was recruited from the general population (non-offenders group, NOG). The
minimum sample-size was computed using the statistical tool G* Power (Faul et al., 2007).
According to a previous fMRI task-based study (that compared male perpetrators versus other
offenders) they found an effect size Cohen’s d of 0.9, with an expected power of 0.8 and an
assumed alpha-level of 0.05, the required sample size must be higher or equal to 25 per group.
Authors are aware that this power analysis could be biased as the effect size might be inflated
for resting-state studies, but this task-based effect was selected in the absence of previous

resting state studies in this specific population.

All the participants met the following inclusion criteria: men aged 18 years old or older.
Further inclusion criteria were specific for each group. For the OOG group: being convicted of
crimes other than intimate-partner violence (i.e., traffic violation, robbery, scams) and for the
NOG group, not having prior criminal records. Finally, for the male perpetrators group, or
MPG, they have to: be convicted of an intimate-partner violence crime, regulated by the law
of IPVAW in Spain (Ley Organica 1/2004, de 28 de diciembre de Medidas de Proteccién
Integral contra la Violencia de Género). The exclusion criteria for all groups included: a history
of serious antecedents of psychological and personality problems, neurological illness,
illiteracy, head injury, history of drug abuse or dependence according to the DSM-IV and the

presence of anomalies or any contraindications to MRI. To be certain that none of the
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participants from the non-offenders or the other offenders group had a history of IPVAW,
those who obtained a score greater than or equal to 11 on the severity subscale of the Conflict
Tactic Scale-2 (Loinaz et al., 2012) were excluded. This cut-off has been used in other studies
with male perpetrators (Marin-Morales et al., 2022a; 2022b; 2021; Bueso-lzquierdo et al.,

2016a). Characteristics of the sample are visualized in Table 1.

Procedure

The experimental protocol was approved by the Research Ethics Committee of the
University of Granada (number issued: 1000/CEIH/2019), and all methods were performed in
accordance with the relevant guidelines and regulations. The convicted groups were recruited
from the Center for Social Insertion (CSI) in Granada (Spain). Non-offenders were recruited

via community advertisement (i.e., social media, academies).

Participants took part in two sessions. In the first session, the interview and tests were
administered. During the second, all men underwent an fMRI scan. All participants were
invited to collaborate voluntarily and anonymously and signed a written informed consent.
They received 50 euros for participating in the study, and no penal benefit was obtained as

compensation for the convicted groups.

Materials

The Interview evaluating the risk of serious couple violence (Echeburua et al., 2008)
was used to assess socio-demographic information about the perpetrator and the victim,
perpetrator’s profile, information about the relationship status, types of violence and
vulnerability factors for the victim. Further questions regarding childhood violent
experiences, the use of different substances and history of head injury were added to the

interview.

The Spanish translation of The Conflict Tactic Scale-2 (CTS-2; Loinaz et al., 2012) was
used to evaluate the severity of violence. This scale detects the frequency and the intensity
of the violence (both physical and psychological) toward an intimate-partner. It also measures

different conflict tactics used inside the relationship. In total, the scale comprises 39 items
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and 5 subscales (physical and psychological violence, sexual coercion, damages and

negotiation).

A complete battery for the assessment of executive functions (updating process,
response inhibition, decision making, and cognitive flexibility) and an evaluation of
socioemotional processes using self-report measures and behavioral task (distorted thoughts
about women and violence, empathy, emotion recognition, emotional regulation) and
impulsivity were performed (Supplementary File 1; Anexo 1). A similar description of the
methods can be found in a previously published study that is part of the same research project

(Marin-Morales et al., 2022a; 2022b).

Statistical analyses

Demographic and behavioral data were analyzed using the Statistical Package for the
Social Sciences, version 22 (SPSS; Chicago, IL, USA). ANOVA tests were used to assess potential
differences between groups. Due to differences between groups in drug abuse, a variable of
severity of drug use was calculated by the sum of the total of affirmative responses to the
criteria of substance Use Disorders based on the DSM-IV, and the frequency of drug use
ranging from 0 “never” to 6 “everyday”. This drug severity variable was used as a confounding

factor in all analyses.

Imaging data acquisition and preprocessing

The resting-state scan lasted 8 min and participants were instructed to lie still with
their eyes closed and not move or fall asleep during the whole session. The data were
collected on a 3.0 T MRI scanner (Siemens TRIO) located at the Mind, Brain and Behavior
Research Center of the University of Granada (Spain). During the acquisition, a T2*-weighted
echo-planar imaging (EPI) sequence was obtained through the following parameters:
repetition time (TR)=2.0 s; Echo time (TE)=25 ms; Field of view (FOV)=238 x238 mm;
Acquisition Matrix = 68 x 68; thirty-five 3.5 m axial slices, Voxel Size = 3.5 x 3.5 x 3.5 mm, 240
whole-brain volumes. A sagittal three-dimensional T1 weighted turbo-gradient-echo
sequence (TR=2300 ms; TE=3.1 ms, FOV = 208; Voxel size =0.8 x 0.8 x 0.8 mm, Number of

slices = 208) was also obtained. Brain structural image allows the checking of gross anatomical
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abnormalities and was used during preprocessing to improve normalization of the functional

data.

Brain images were preprocessed using the Functional Connectivity Toolbox (CONN)
running under Matlab R2017a (MatchWorks, Natick, MA). Preprocessing steps included: (1)
realignment and slice-timing correction of the functional images (2) outlier detection using
ART toolbox (3) denoising of confounding effects using the CompCor strategy, which included
5 principal components from the WM and CSF, 12 motion regressors and regressors of noise
components (one for each identified outlier scan during the outlier identification step) and 2
regressors of effect of rest (3) segmentation of structural and functional data (4)
coregistration of images using each participant’s anatomical scan (5) normalization of the
functional images (6) reslice to a 2 mm voxel size in the Montreal Neurological Institute space
and spatial smoothing using an 6-mm full-width-at-half-maximum (FWHM) isotropic Gaussian
Kernel. Additional steps included denoising with a band-pass temporal filter (0.008-0.09 Hz)
and linear detrending term. In order to avoid excessive motion and based on a previous study
(Satterthwaite et al., 2013), those participants that presented less than < 4 min of data were

excluded. No participant was removed from the analysis for this reason.

Functional connectivity analysis: seed-based analysis

According to the goal of the study, seeds’ selection was based on the Triadic
Reflective—Impulsive—Interoceptive Awareness Model (Turel & Bechara, 2016). This model
proposes three differentiated but dependent systems that play a crucial role in decision-
making: the impulsive-amygdala-striatal system, the reflective-prefrontal system and the
interoceptive-awareness insular system. As a result, in this first step, we selected 4 main areas
from which final seeds would be generated: amygdala, prefrontal area, striatum and insula.
According to cytoarchitectonic characteristics and previous functional connectivity studies,
15 seeds were generated from the main 4 areas in MNI stereotaxic space using the MarsBar
toolbox for SPM12 (Table 1). More details about seed selection is presented in Supplementary

File 2 (Anexo 1).
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Table 1. Coordinates and radius for each selected seed
Shorthand

Seeds Coordinates Radius
term
Impulsive system X y z 3.5mm
. R rCMA 23 -5 -13
Centromedial amygdala L ICMA 19 5 15
Basolateral amygdala R rBLA 29 3 23
L IBLA -26 -5 -23
Ventral striatum R rvs
Ventral caudate 10 15 0
Ventral nucleus accumbens 9 9 -8
Ventral striatum L IVS
Ventral caudate -10 15 0
Ventral nucleus accumbens -9 9 -8
Reflective system 6mm
Medial prefrontal cortex MPFC 7 44 -4
Dorsolateral prefrontal cortex R rDLPFC 45 36 16
L IDLPFC -43 18 29
Ventrolateral prefrontal cortex R rVLPFC 40 30 16
L IVLPFC -33 33 -10
Interoceptive system 2mm
L R rAl 37 20 -6
Anterior insula
L 1Al -34 17 -4
L R rPI 40 -6 4
Posterior insula
L IPI -38 -6 5

Note. Coordinates (x, y, z) are given in Montreal Neurological Institute atlas space (MNI).

3. Results

Demographic data

Male perpetrators (MPG; n = 26), men convicted of crimes other than IPVAW (OOG;
n=29) and men with no criminal records (NOG; n=29) were compared in relation to
sociodemographic variables. There were no between-group differences in age or education
level. As expected, differences were found in the severity scale of the Conflict Tactic Scale
(Loinaz et al., 2012), demonstrating that MPG reported higher scores in comparison to O0G

and NOG. Sociodemographic and crime characterization data are presented in Table 2.
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Table 2. Sociodemographic and crime characteristics of MPG, OOG and NOG.

Variables MPG (n = 26) 00G (n=29) NOG (n = 29) F/ x2 p-value
Age (years) 41.19 (9.71) 38.97 (11.05) 38.28 (8.54) 0.66 .51
Years of education 9.19 (4.30) 9.55 (3.58) 9.86 (2.44) 0.251 77
Severity (CTS-2) 4.27 (6.27) 0.24 (.51) 0.31(.93) 11.43 <.0001
Drug severity 1.11 (.40) 1.09 (.36) 0.91 (.33) 2.61 .08
Loss consciousness

Yes (<30 min) 3.8% (1) 3.4% (1) 0% (0) 2.658 .954

Yes (<15 min) 19.3% (5) 13.7% (4) 20.6% (6)

No 77% (20) 82.7% (24) 79.3% (23)

Indirect violence

during childhood 1.177 53
Yes 20% (5) 20.7% (6) 31%(9)
No 80% (20) 79.3% (23) 69% (20)
Direct violence 1,580 5
during childhood
Yes 12% (3) 24.1% (7) 24.1% (7)
No 88% (22) 75.9% (22) 75.9% (22)

Type of crime

PV =57.7% (15) SCF=10.3% (3)

PPV =42.3% (11) DD =17.24% (5)
GAR =24.1% (7)
DT =34.5% (10)
AA =3.4% (1)
UM=10.3% (3)

Note. Except for type of crime, all values are mean (+ SD). MPG = male perpetrators group; OOG =other offenders group;

NOG = non-offenders group; CTS-2 = Conflict Tactic Scale-2; Indirect violence = witnessing violence during childhood; Direct
violence = experiencing violence during childhood; PV = psychological violence; PPV = physical and psychological violence;
SCF = scams or crimes of forgery; DD = dangerous driving; GAR = Grave assault/robbery; DT = drug trafficking; AA = Attack
on authority; UM = unspecified misdemeanor (lost answers).

Seed-based functional connectivity results
Based on the main objective of the study, the results were organized as follows:

Male perpetrators group vs non-offenders group: Regarding the impulsive system,
MPG showed higher connectivity between the rBLA seed and temporal pole but lower
connectivity between the rCMA seed intraparietal area, fusiform gyrus and occipital area.
Moreover, in the reflective system, MPG showed increased functional connectivity between
IVLPFC seed and brainstem, bilateral hippocampus and middle temporal area, and between
IDLPFC seed and bilateral putamen-caudate. However, lower functional connectivity was
found between rVLPFC seed and sensorimotor area, premotor area, intraparietal sulcus and
occipital area. Finally, within the interoceptive system, MPG demonstrated higher
connectivity between Pl seed and bilateral putamen and between IPI seed and bilateral

angular gyrus and middle temporal area (Table 3, Figure 1).
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Table 3. Significant differences between MPG and NOG in seed-based functional
connectivity

Seed Brain Region X y z ke Peak tvalue Seed’ system
MPG>NOG
rBLA Temporal pole -34 20 -34 111 4.76 Impulsive
IVLPFC  Brainstem 12 -22 -30 234 4.49 Reflective
Middle Temporal 48 36 8 167 4.28
area
Hippocampus -18 -40 0 99 4.38
Hippocampus 26 -24 -4 116 4.58
IDLPFC  Putamen-caudate -16 12 6 592 4.60 Reflective
Putamen-caudate 8 0 -4 298 4.97
rPI Putamen -30 0 0 328 4.67 Interoceptive
Putamen 24 4 -6 164 4.17
IPI Angular Gyrus -50 -54 38 470 4.73 Interoceptive
Angular Gyrus 62 -56 36 212 4.62
Middle temporal area  -56 -40 -8 140 4.68
MPG<NOG
rCMA Intraparietal 30 -80 40 160 5.29 Impulsive
Fusiform gyrus 36 -56 -14 116 5.21
Occipital area 16 -46 -12 112 4.85
rVLPFC  Sensorimotor area 40 -22 34 150 4.13 Reflective
Premotor area 44 -4 38 148 5.40
Intraparietal sulcus 34 -48 64 117 4.49
Occipital area -38 -86 18 128 4.60

Note. Coordinates (x, y, z) are given in Montreal Neurological Institute atlas space (MNI). ke = cluster size in voxels; All the
results have exceeded the minimum threshold p <.001 and number of voxels for each seed; Seed’s system = system to which
each seed corresponds according to the Triadic reflective-impulsive-interoceptive awareness model; MPG = male
perpetrators group; NOG; non-offenders group; rBLA = right basolateral amygdala; IVLPFC = left ventrolateral prefrontal
cortex; IDLPFC = left dorsolateral prefrontal cortex; rPI = right posterior insula; IPl = left posterior insula; rCMA = right
centromedial amygdala; rVLPFC = right ventrolateral prefrontal cortex.

Male perpetrators group vs other offender group: Regarding the impulsive system,
MPG demonstrated higher functional connectivity between the IBLA seed and visual-cuneus.
Moreover, in the reflective system, MPG showed higher functional connectivity between the
IVLPFC seed and brainstem, bilateral thalamus and insular cortex, between rDLPFC seed and
sensorimotor area and between IDLPFC seed and middle temporal gyrus in comparison to
0OO0G. Finally, within the interoceptive system, MPG demonstrated higher connectivity
between rPI seed and fusiform gyrus and Heschl gyrus, and between IPI seed and left angular
gyrus, middle temporal area, left putamen, cerebellum, dorsolateral cortex and inferior
frontal area. MPG did not demonstrate lower functional connectivity than the OOG in any of

the selected seeds (Table 4, Figure 1).
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Table 4. Significant differences between MPG and OOG in seed-based functional
connectivity

Seed Brain Region X y z ke Peak t Seed’system
value
MPG>00G
IBLA Visual - Cuneus 10 -80 18 329 476 Impulsive
IVLPFC Brainstem 4 20  -32 533 5.77 Reflective
Thalamus 8 -10  -12 179 4.33
Thalamus -8 -8 0 200 4.40
Insular cortex 32 -20 8 117 4.38
rDLPFC Sensorimotor area 30 -16 18 101 5.08 Reflective
IDLPFC Middle temporal gyrus  -46  -50 16 126 4.35 Reflective
rPI Fusiform gyrus -40  -42 -18 161 4.35 Interoceptive
Heschl Gyrus 34 -32 4 111 4.19
IPI Angular Gyrus -50 -54 38 276 4.40 Interoceptive
Middle Temporal area -56  -40 -8 479 5.42
Putamen -18 6 10 121 4.25
Dorsolateral cortex -30 30 18 162 4.20
Cerebellum 28 -66  -46 268 5.42
Inferior frontal area -46 22 14 135 4.70
MPG<00G
No results

Note. Coordinates (x, y, z) are given in Montreal Neurological Institute atlas space (MNI). ke = cluster size in voxels; All the
results have exceeded the minimum threshold p <.001 and number of voxels for each seed. Seed’s system = system to which
each seed corresponds according to the Triadic reflective-impulsive-interoceptive awareness model; MPG = male
perpetrators group; OOG; other offenders group; IBLA = left basolateral amygdala; IVLPFC = left ventrolateral prefrontal
cortex; rDLPFC = right dorsolateral prefrontal cortex; IDLPFC = left dorsolateral prefrontal cortex; rPI = right posterior insula;
IPI = left posterior insula.

Exploratory analyses: correlations between rsFC and behavioral variables in male
perpetrators

Exploratory partial Pearson correlations were conducted to explore the associations
between specific male perpetrators rsFC and executive functions and socioemotional
processes. Regarding executive functions, exploratory correlations showed a negative
association between go/no go task and left PI. Regarding socioemotional processes, negative
correlations were found between irrational thoughts about women and rsFC of left VLPFC and
between cognitive reappraisal and rsFC of the right PI. Also, negative correlation was found
between empathy and rsFC of the right Pl and between difficulties in emotional regulation
and rsFC of the right Pl and right CMA. Pearson correlation coefficients of all these
correlations ranged between - 0.408 and - 0.565. However, none of these results remain

significant after Bonferroni correction for multiple comparisons. We additionally report all the
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correlational results at an uncorrected significance level of 0.05 in Supplementary File 3 and
Supplementary Fig. 1 (Anexo 1). Finally, performance in executive functions and

socioemotional measures are summarized in Supplementary File 4 (Anexo 1).

A MPG > NOG B MPG < NOG

rVLPFC

/&‘"V\
r’?%#*’

rDLPFC IVLPFC

Figure 1. Significant group differences in seed-based analysis.

Note. Each brain image represents the correlations with the seed written below. MPG male perpetrators group, OOG other
offenders group, NOG non-offenders group. (A) MPG demonstrated higher functional connectivity than NOG between rBLA
(right basolateral amygdala) and temporal pole, between IVLPFC (left ventrolateral prefrontal cortex) and brainstem, middle
temporal area and bilateral hippocampus, between IDLPFC (left dorsolateral prefrontal cortex) and putamen-caudate,
between rPI (right posterior insula) and putamen and finally between IPI (left posterior insula) and bilateral angular gyrus
and middle temporal area. (B) MPG demonstrated lower functional connectivity than NOG between rCMA (right
centromedial amygdala), intraparietal, fusiform gyrus, and occipital area, and between rVLPFC (right ventrolateral prefrontal
cortex) and sensorimotor, premotor, intraparietal and occipital areas. (C) MPG showed higher functional connectivity in
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comparison to OOG between IBLA (left basolateral amygdala) and visual-cuneus, between IVLPFC (left ventrolateral
prefrontal cortex) and brainstem, insular cortex and bilateral thalamus, between rDLPFC (right dorsolateral prefrontal cortex)
and sensorimotor, between IDLPFC (left dorsolateral prefrontal cortex) and middle temporal gyrus, between rPI (right
posterior insula) and fusiform gyrus and Heschl Gyrus, and finally between IPI (left posterior insula) and angular gyrus, middle
temporal, putamen, dorsolateral cortex, cerebellum and inferior frontal area.

4. Discussion

The main objective of this research was to study the resting-state functional
connectivity underlying the process of social decision-making (Turel & Bechara, 2016) in male
perpetrators convicted for an IPVAW crime and compare it to other offenders and non-
offenders. Results showed that male perpetrators present different resting-state functional

connectivity between brain areas related to impulsive, reflective and interoceptive systems.

Our main hypothesis proposed that male perpetrators would present disruptive
resting-state connectivity between the reflective system and the impulsive and interoceptive
brain systems in comparison to non-offenders and other offenders. Our results support this
hypothesis. First, regarding the reflective brain system, male perpetrators presented higher
functional connectivity between left ventrolateral prefrontal cortex seed and brainstem,
middle temporal and limbic areas. Neuroimaging studies in male perpetrators suggest an
inadequate prefrontal control in top-down regulatory control over excessive limbic activation
(Lee et al., 2008). Underlying the importance of adding the brainstem to this network due to
its critical role in the integration of emotional stimulus (Venkatraman et al., 2017), this result
might be pointing out a different resting-state functional connectivity in a vertical-integrative
system composed by brainstem, limbic and cortical areas. Along the same line of reasoning,
perpetrators showed higher functional connectivity between the reflective left dorsolateral
prefrontal cortex seed and dorsal striatum in comparison to non-offenders. Dorsolateral
prefrontal cortex is strongly related to the regulation of aggressive behavior (Achterberg et
al.,, 2016), while dorsal striatum has been found related to reinforcement of aggression
(Kramer et al., 2007). Together, these two areas have an important role in down-regulation
process. Indeed, literature demonstrated that in violent populations, the lateral prefrontal
cortex exerts top-down control over subcortical areas such as striatum, in order to suppress
output that lead to impulsive responses (Siever, 2008). In addition, male perpetrators
demonstrated lower resting-state functional connectivity between right ventrolateral

prefrontal cortex seed and primary motor area, premotor area, and intraparietal sulcus. A

62



recent study showed that a good cognitive and motor control requires the participation of a
network comprising prefrontal areas, premotor and motor regions and that weaker

connectivity between these areas is correlated with poorer inhibition (Tsvetanov et al., 2018).

Regarding the interoceptive brain system, male perpetrators showed higher resting-
state functional connectivity between the posterior insula seed and bilateral putamen. This
connectivity has been studied in gaming disorders (Hong et al., 2015) and in addiction
(Akkermans et al., 2018) demonstrating the strong relation between functional connectivity
putamen-insula and the trait of impulsivity, a key component in IPVAW research. Posterior
insula has also been found highly functionally connected with posterior areas of the default
mode network in male perpetrators. This result is consistent with another study (Bueso-
Izquierdo et al., 2016a) where they demonstrated that male perpetrators presented higher
activation of the insula, angular gyrus and temporal areas when they viewed images of
intimate partner violence. In fact, different studies have confirmed the functional connectivity
between posterior insula and posterior areas of the default mode network proposing that
self-reference and integrative/interoceptive processes are functionally connected (Harrison,

2011).

In relation to the impulsive brain system, male perpetrators presented lower resting-
state functional connectivity between right centromedial amygdala seed and fusiform face
area, and occipital superior area. These areas have been firmly found related to the emotion
recognition process (Herrington et al., 2011). Increased functional coactivation between the
fusiform gyrus and amygdala has been demonstrated when participants observed facial
expressions of fear, disgust and happiness (Miyahara et al., 2011; Amting et al., 2010). Also,
male perpetrators demonstrated higher functional connectivity between left basolateral
amygdala seed and left angular gyrus in comparison to non-offenders. The significant higher
functional connectivity between these areas has not been assessed in previous studies in
violent populations; however they have been found functionally or structurally altered in

psychopathic/antisocial populations under moral decision making (Raine, 2019).

Finally, in relation to the exploratory correlations, the results seem to suggest that
male perpetrators' intrinsic connectivity might be more associated with socioemotional

processes than with executive functions. Emotional regulation, empathy, emotion recognition
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and distorted thoughts, are part of what is now known as social cognition. This novel research
field is defined as the study of all processes related to how people make sense of the world,
events, other people and themselves, focusing on cognitive and affective processes and their
corresponding biomarkers (Fiske & Taylor, 2013). Over the last decade, research in male
perpetrators has been exploring these processes as mediators (Vecina & Pifiuela, 2017;
Langer & Lawrence, 2010; Babcock et al., 2008) in IPVAW (Romero-Martinez et al., 20163;
Bennett et al., 2005). Although the correlations do not remain significant after correction for
multiple comparisons, these results are intended to support a novel research interest on
social cognition in male perpetrators in order to promote further research and future

replications (see Supplementary File 4).

The study results should be interpreted with a degree of caution due to several
limitations: first, male perpetrators who presented a psychological disorder or had a history
of substance abuse were excluded from the study in order to reduce the effect of confounders
in the analysis. Second, even if seed-analysis has been one of the most used approaches in
fMRI studies in violent populations (Romero-Martinez et al., 2019a), the dependence on the
selection of seed makes the analysis vulnerable to bias (Lv et al., 2018). Third, due to the lack
of specificity on the hypotheses regarding which connections and directions would be
disrupted, the correlation analyses were exploratory in nature. Finally, since there are no
previous resting-state studies in male perpetrators, the required sample size was calculated
from a single fMRI study that uses a task-based approach comparing male perpetrators versus
other offenders (Bueso-lzquierdo et al., 2016a). This power analysis could be biased and is
likely using an inflated effect size, thus, the study may be underpowered. However, it should

be noted that there is no neuroimaging study of male perpetrators with larger sample size.

Despite these limitations, this study provides the first evidence that resting-state
functional connectivity is different in male perpetrators. These preliminary findings highlight
that male perpetrators showed a specific resting-state functional connectivity between the
reflective brain system and the impulsive and interoceptive brain systems. More concretely,
relevant differences in rsFC have been found between prefrontal and limbic, middle temporal
and brainstem areas supporting the idea of an altered top-down regulation (Lee et al., 2008).

These results reinforce previous neuroimaging studies with male perpetrators (Marin-
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Morales et al., 2022a; Bueso-lzquierdo et al., 2016a) suggesting that this population is
different to other offenders. As the authors of the Triadic Model (Turel y Bechara, 2016)
reveal, each system can be more complex and connect other brain areas that have not been
proposed by the model. Our results seem to support this complexity, emphasizing the specific
connectivity between insula and default mode network, and between amygdala and basal
ganglia areas, as brain areas specialized in interoception processes. Future research requires
replicating the results with more robust analyses and, to take into account other key brain
areas such as the default mode network and the cerebellum. Both networks have also been
proved to be very relevant in the study of violence (Marin-Morales et al., 2021; Leutgeb et al.,
2016). Finally, it is crucial to place emphasis on social cognition processes in IPVAW research.
Future steps will be on validating neural models of social cognition in male perpetrators and
studying if male perpetrators are not only different to other offenders but also different to

other violent men.

This study brings new insights to the study of intimate partner violence. The results
reveal that specific functional connectivity of male perpetrators might be related to social
processes underlying IPVAW. Studying the brain functioning of male perpetrators will allow
us to explore potential brain differences that may act as predictors of this specific violence
(Romero-Martinez et al., 2019a). For now, our results reinforce the need to integrate work on
cognitive and affective control, empathy and emotional processing in intervention and

prevention programs with male perpetrators (Verdejo-Roman et al., 2019; Siegel, 2013).
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CAPITULO 6:

SOCIAL MENTALIZING IN MALE PERPETRATORS OF
INTIMATE PARTNER VIOLENCE AGAINST WOMEN IS
ASSOCIATED WITH RESTING-STATE FUNCTIONAL
CONNECTIVITY OF THE CRUS 1l

Este capitulo se encuentra publicado en:

Amaoui, S., Marin-Morales, A., Martin-Pérez, C., Pérez-Garcia, M., & Verdejo-Roman, J.
(2022). Social mentalizing in male perpetrators of intimate partner violence against women
is associated with resting-state functional connectivity of the Crus Il. Journal of psychiatric

research, 150, 264-271.
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1. Introduction

Social cognition includes mental operations concerning how we create
representations of others and how these representations guide social actions, judgments and
perceptions (Fiske and Taylor, 2020; Amodio, 2019). A key aspect of social cognitive functions
is social mentalizing, the ability to understand the intentions, causes, emotions and beliefs of
another person or the self (Baetens et al., 2014). This mind-to-mind process includes a range
of meta-operations such as theory of mind, empathy, emotion recognition and self-reflective
function (Adshead et al., 2013). Distortions in mentalizing could cause difficulties in both
affective and social processing, and may lead to the emergence of antisocial behaviors such

as violence (Moller et al., 2014).

Social mentalizing plays an undeniable role on intimate partner violence against
women (IPVAW) perpetration (Misso et al., 2019). According to previous literature, male
perpetrators of IPVAW present difficulties in emotional decoding, empathy and theory of
mind (Romero-Martinez et al., 2013; Bueso-lzquierdo et al., 2015b; Romero-Martinez et al.,
2016a). Moreover, it has been demonstrated that male perpetrators present irrational
thoughts about women and the use of violence as an adaptive way of solving problems (for a
more comprehensive review, see Ubillos-Landa et al., 2020). All these studies reveal the need
for further research on social mentalizing in order to improve intervention programs for male

perpetrators of IPVAW crime.

The underlying neurobiology contributing to social cognition in male perpetrators
remains poorly understood. To date, only 5 studies have been published in this regard (Lee et
al., 2008, Lee et al., 2009; Bueso-lzquierdo et al., 2016a; Marin-Morales et al., 2021, Marin-
Morales et al., 2022a). Their results have shown different brain activation during emotion
processing and moral dilemmas in male perpetrators of IPVAW in comparison to other
offenders (men convicted for crimes other than IPVAW) and non-offenders (men with no
criminal records). In the last decade, resting-state functional connectivity magnetic resonance
imaging (rs-fMRI) has rapidly gained traction as a method of brain imaging (Leutgeb et al.,
2016). Numerous rs-fMRI studies have identified altered connectivity between brain areas in
violent populations (for a more comprehensive review, see Romero-Martinez et al., 2019a).

However, there is only one study that has explored the resting-state functional connectivity
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(rsFC) of male perpetrators, demonstrating that they present different rsFC between
prefrontal, limbic and default mode network areas, and that this specific rsFC was associated

with socioemotional processes (Amaoui et al., 2022).

Neuroimaging studies that have attempted to study the process of social mentalizing
agree that the key cerebral areas are the temporoparietal junction (TPJ) and the default mode
network (DMN) (Li, 2014; Van Overwalle et al.,, 2015a), which encompasses the medial
prefrontal cortex (MPFC), the posterior cingulum cortex (PCC), the middle temporal gyrus
(mTG) and parietal areas including the precuneus and bilateral angular gyrus (AG) (Wang et
al., 2020). However, a recent meta-analysis has shown the need to consider cerebro-
cerebellar connections in such a complex process (Van Overwalle et al., 2015b). In fact, in the
last decade, the number of studies focused on exploring the function of the cerebellum in
social cognition has increased exponentially, highlighting the anatomical and functional
connections between the cerebellum and the default mode network (Habas et al., 2009;

Buckner et al., 2011; Yeo et al., 2011; Strata, 2015; Guell., 2018).

This novel literature proposes that the cerebellum modulates cortical activity by
generating internal predictions based on the information it receives from the mentalizing
regions and sending error signals if there is a mismatch between the predicted social events
and actual behaviors (Van Overwalle et al., 2020a). Besides, novel studies have shown that
there is an anatomical and functional specificity within the cerebellum, revealing that the Crus
Il area would show the higher implication on social mentalizing (Van Overwalle et al., 2020b)
and presents a greater connectivity with the key cerebral areas (Van Overwalle and Marién,
2016). In particular, numerous studies assessing processes requiring social mentalizing
(Leggio and Olivito, 2018; Ma et al., 2021) have found greater activation of Crus Il compared
to other cerebro-cerebellar areas. Moreover, functional connectivity research showed that
cerebellar Crus Il area was specially related to executive network (Habas et al., 2009), and to

DMN when social cognition processes are involved (Van Overwalle and Marién, 2016).

In this study, we aimed to investigate the resting-state functional connectivity of the
Crus Il in male perpetrators of IPVAW in comparison to other offenders and non-offenders. In
addition, we aimed to examine the association between the specific rsFC of the Crus Il and

social mentalizing processes found altered in male perpetrators. Based on a previous study of
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resting-state functional connectivity in male perpetrators (Amaoui et al.,, 2022), we
hypothesized that: (1) male perpetrators will present higher rsFC between Crus Il seed and
TPJ and DMN areas in comparison to other offenders and non-offenders; (2) The specific rsFC
would be negatively associated with empathy and emotion decoding but positively associated

with irrational thoughts about women and violence.
2. Methods
Participants

Sample-size was estimated using the statistical tool G* Power (Faul et al., 2007). Based
on a previous neuroimaging study of Bueso-lzquierdo et al. (2016a) with an expected power
of 0.8, an effect size of 0.9 and an alpha-level of 0.05, the resulting sample size had to be
equal or higher to 25 participants per group. Finally, 84 participants were enrolled for this
study: 26 men convicted for IPVAW crime (male perpatrators, MPG), 29 men convicted of
crimes other than IPVAW crime (other offenders, O0OG) and 29 men with no criminal records
(non-offenders, NOG). Participants from both convicted groups were recruited from the
Center for Social Insertion (CSl) in Granada (Spain). Non-offenders were recruited via

advertisement, social networks and academies.

The inclusion criteria were: men aged 18 years or older. More specific criteria were set
per study group. For male perpetrators group (MPG): being convicted of an intimate partner
violence crime regulated by the Spanish law (de Espafia, 2004, Law 1/2004, Comprehensive
Protection Law against Intimate Partner Violence, IPV). This law covers any act of physical,
psychological and sexual violence exercised over women by those who are or have been their
male spouses or by those who are or have been linked to them by a similar relationship of
affectivity, whether they are cohabiting or not. For other offenders group (OOG): being
convicted for crimes other than intimate partner violence such as robbery, drug trafficking or
traffic violation; and for the non-offenders group (NOG): not having any prior criminal record.
Exclusion criteria for all participants were as follows: (a) illiteracy, (b) brain injury that has
caused a loss of consciousness of more than 1 hour (Cohen et al., 2003), (c) antecedents of
relevant psychological disorder, (d) history of drug or alcohol abuse (according to the
Diagnostic and Statistical Manual of Mental Disorders 4th ed; DSM-1V) and (e) the presence

of anomalies or contraindications to MRI scanning. Also, additional exclusion criteria for other

69



offenders and non-offenders groups were added in order to control that none of the
participants had a history of IPVAW. Based on previous studies (Bueso-lzquierdo et al., 2016a;
Marin-Morales et al., 2021, Marin-Morales et al., 2022), those men from the other offenders
and non-offenders groups who obtained a score equal or greater to 11 on the severity
subscale of the Conflict Tactic Scale-2 (Loinaz et al., 2012) were excluded. Specific information

about demographic and crime characteristics of the sample are presented in Table 1.

Participants were invited to participate voluntarily and anonymously according to the
Spanish legislation on personal data protection (Organic Law 3/2018, December 5). An
informed consent was obtained from each participant prior to entering the study and they
received 50 euros for participating in the study at the end of the evaluation. No penal benefit
was obtained for the convicted groups. All examinations were approved by the Research Ethic

Committee of the University of Granada in Spain (humber issued: 1000/CEIH/2019).
Materials

The Interview evaluating the risk of serious couple violence (Echeburua et al., 2008)
was conducted to collect socio-demographic information about the perpetrator and the
victim, type of violence (physical, psychological and sexual), information about the
relationship status, the risk of serious couple violence, and vulnerability factors of the victim.
Questions regarding head injury, medication use, childhood trauma (direct and indirect child
violence experience) and substance dependence were added. Cronbach a values for the

interview was .71.

The Conflict Tactic Scale-2 (Spanish version, Loinaz et al., 2012) was used to assess the
severity, frequency and intensity of the violence in the relationship. It also measures different
conflict tactics used inside the relationship. The scale comprises 5 subscales (damages,
negotiation, physical violence, sexual coercion and psychological aggression) and two levels
of severity (minor or severe). It uses an 8-point Likert scale ranged from 0 “this has never
happened” to 6 “more than 20 times in the past year”, and 7 means “not in the past year, but

it did happen before”. Cronbach a values for the CTS-2 ranged from 0.34 to 0.94.

The Inventory of Distorted Thoughts about Women and Violence (IPDMV; Echeburia
& Fernandez-Montalvo, 1997) is a self-report inventory to measure irrational thoughts. The

inventory is divided in two subscales: 13 items related to irrational thought about sexual roles
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and inferiority of women (IPDM) and 16 items related to the use of violence as a correct

method of conflict resolution (IPDV). Cronbach a values were 0.662 and 0.519 respectively.

The Interpersonal Reactivity Index (IRl) by Pérez-Albéniz et al. (2003) was conducted
to assess empathy as a self-report measure. Two subscales were used in this study: cognitive
empathy (composed of perspective taking and fantasy subscales) and affective empathy
(composed of empathic concern and personal distress subscales), with a Cronbach a ranging

from 0.56 to 0.70.

The Eyes Test of Ferndndez-Abascal et al. (2013) is a conductual task used to evaluate
the ability to recognize complex mental states expressed by human eyes. It consists of 36
photographs of eyes and in each item participants are instructed to choose among four
descriptors based on what they think the person in the photography is feeling. Each item is
scored as correct or incorrect. Consequently, the higher the score, the greater is the ability to

recognize emotions. This task present a test-retest value of 0.63.

Table 1. Sociodemographic and crime information of MPG, NOG and OOG.

Variables (Mean (SD)) MPG (n = 25) 00G (n =29) NOG (n = 28) F/ x2 p-value
Sociodemographic information
Age (years) 41.20 (9.91) 39.00 (11.05) 37.80 (8.02) 0.928 0.40
Years of education 9.00 (4.28) 9.55 (3.58) 9.79 (2.45) 0.324 0.72
Drug severity 1.11 (0.41) 1.09 (0.36) 0.91 (0.34) 2.58 0.08
Loss consciousness
Yes (<30 min) 4% (1) 3.4% (1) 0% (0) 1.645 0.801
Yes (<15 min) 20% (5) 13.8% (4) 21.4% (6)
No 76% (19) 82.8% (24) 78.6% (22)
Prescribed medication 0.263
Yes 41,7% (10) 24,1% (7) 14,3% (4)
No 12,5% (3) 13,8% (4) 14,35 (4)
No medication 45,8% (11) 62,1% (18) 71,4% (20)
Direct violence during
. 1.675 0.433
childhood
Yes 12% (3) 24.1% (7) 25% (7)
No 88% (22) 75.9% (22) 75% (21)
Indirect violence during
. 1.389 0.499
childhood
Yes 20% (5) 20.7% (6) 32.1%(9)
No 80% (20) 79.3% (23) 67.9% (19)
Crime characterization
CTS-2
Severity of violence 4.32 (6.39) 0.24 (0.51) 0.32(0.95) 5.02* <0.01
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Physical aggression 2 (2.02) 0.24 (0.51) 0.32(0.94)
Psychological aggression 3.52(2.28) 1.55(1.62) 1.32(1.52)
Sexual Coercion 0.68 (1.22) 0.7 (0.26) 0.14 (0.36)
Injury 0.88 (1.51) 0.21(0.77) 0.11 (0.42)
Negotiation 4.16 (1.67) 4.41 (1.57) 4.96 (1.37)
Type of crime
PV =56% (14) SCF=10.3% (3) 2.619 0.106

PPV =44% (11) DD=17.24% (5)
UM=10.3% (3)
GAR =24.26%
(7)
DT =34.5% (10)
VF = 3.4% (1)
Social mentalizing measures

IPDMV
IPDV 2.92 (2.18) 3.76 (2.82) 1.75(1.29)  5.976*  0.002
IPDM 3.84(3.41) 4.69 (2.97) 2.93 (2.00) 2.755 0.065
IRI
Cognitive empathy 36.56 (6.63) 42.00 (6.15) 43.75 (7.68) 7.817* <0.01
Affective empathy 37.24 (6.83) 40.34 (5.03) 38.71(5.00) 2.053  0.164
Eyes’ Test
Emotion recognition® 19.33 (4.78) 19.40 (4.36) 20.56 (4.41)  0.695  0.061

Measures of loss consciousness, violence during childhood and type of crime on (% [n]). MPG = male perpetrators group;
00G = other offenders group; NOG = non-offenders group; CTS-2 = Conflict Tactic Scale-2; Drug severity variable (logl0
normalized); PV = psychological violence; PPV = physical and psychological violence; SCF = scams or crimes of forgery; DD =
dangerous driving; GAR = Grave assault/robbery; DT = drug trafficking; VF = violent fight; UM = unspecified misdemeanor
(lost answers). IPDV = Inventory of distorted thoughts about the use of violence; IPDM = Inventory of distorted thoughts
about women; Cognitive empathy = composed of perspective taking and fantasy subscales of the IRI; affective empathy =
composed of empathic concern and personal distress subscales of the IRI); Emotion recognition = measured using the Eyes’
test. 1 Lost answers. MPG (N = 15), 00G (N = 15), NOG (N = 16).

MRI data acquisition and preprocessing

Anatomical and resting-state functional MRI were acquired with a 3-T scanner
(Siemens TRIO) at the Mind, Brain and Behavior Research Center of the University of Granada
(Spain). High spatial resolution T1-weighted anatomic images were acquired in the sagittal
orientation using a three-dimensional weighted turbo-gradient-echo sequence (repetition
time (TR) = 2300 ms; Echo time (TE) = 3.1 ms, Field of view (FOV) = 208; Voxel size = 0.8 x 0.8
x 0.8 mm, Number of slices = 208) in order to check for any gross anatomical abnormality.
Functional MRI data were acquired during a resting-state scan. Participants were instructed
to lie still with their eyes close without falling asleep during 8 min. Functional images were

acquired using a T2*-weighted echo-planar imaging (EPI) sequence through the following
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parameters: TR = 2.0s; TE = 25 ms; FOV = 238 x 238 mm; Acquisition Matrix = 68 x 68; thirty-

five 3.5 m axial slices, Voxel Size = 3.5 x 3.5 x 3.5 mm, 240 whole-brain volumes.

Functional images were preprocessed using the Functional Connectivity CONNv17
Toolbox (Whitfield-Gabrieli and Nieto-Castanon, 2012) running under Matlab R2017a
(MatchWorks, Natick, MA, USA). Briefly, the preprocessing included the following steps: (a)
realignment and slice-timing correction, (b) denoising and outlier detection (c) segmentation,
(d) co-registration of each participant's anatomical scan to functional images, (e)
normalization, (f) reslice to a 2 mm voxel size in MNI space, (g) smoothing of functional images
with a 6-mm FWHM isotropic Gaussian Kernel, (h) temporal band-pass filtering (0.008—0.09
Hz) and linear detrending term. Two subjects, one from the MPG group and one from the

NOG group, were excluded because cerebellar images could not be acquired.
Seed definition and functional connectivity analysis

To assess functional connectivity of the Crus I, we performed a seed-based functional
connectivity analysis using the functional connectivity CONNv17 Toolbox (Whitfield-Gabrieli
and Nieto-Castanon, 2012). Seeds of interest were determined based on the meta-analysis of
Van Overwalle et al. (2015). Coordinates from the meta-analysis were transformed to the MNI
stereotaxic space. Then, to avoid overlap between seeds, those located less than 8 mm apart
were identified and replaced by a new region of interest in the centroid of these seeds.
Therefore, from the original 24 seeds, we lasted with 16 seeds. Finally, only those that were

localized in Crus Il were selected.

In total, 2 Crus Il seeds were defined in each cerebellar hemisphere using a 5-mm
radius sphere: left posterior Crus Il (x = -13, y = -80, z = -42), left lateral Crus Il (x =-25,y =
-82, z = -38); right posterior Crus Il (x =10,y =-79, z = -43) and right lateral Crus Il (x =24,y

=-82, z = -36) using the Marsbar Toolbox for SPM12 in MNI stereotaxic space.

Subject specific first-level general linear models (GLM) were defined including the
mean activity courses of each seed extracted from the MarsBaR toolbox
(http://marsbar.sourceforge.net) and nuisance signals as regressors of no interest. Nuisance
signals included motion, white matter and cerebrospinal fluid time series. A high-pass filter
(128 s) was used to eliminate low-frequency noise. Images were created for each subject by

calculating the regression coefficient between all brain voxels and each seed's time series.
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In order to investigate group differences in each seed's connectivity, first-level
contrast images were included in a separate second-level one-way ANOVA model. Drug
severity and age were included as covariates. The imaging results were corrected for multiple
comparisons using Monte Carlo simulations using AlphaSim implemented in the RESTplusV1.2
Toolbox. For between-group comparisons, Alphasim input parameters included a whole brain
mask (242 545 voxels; 2 x 2 x 2 mm), a cluster connection radius of 5 mm, and results were
significant at an a value of 0.025 and an individual voxel threshold probability of p <.001. The
resulting minimum cluster size was different for each seed; for left posterior Crus Il was 103
voxels (824 mma3), for left lateral Crus Il was 93 voxels (744 mm3), for right posterior Crus I

was 95 voxels (760 mm3) and for right lateral Crus Il was 97 voxels (776 mm3).
Statistical analyses

Demographic and behavioral data were analyzed using Jamovi (Version 1.6, The
jamovi project, 2021). ANOVA tests were conducted to assess differences between groups.
Only group differences were found in drug consumption, therefore, a variable of drug severity
was created by the sum of the criteria of the DSM-IV for alcohol and drugs, including
frequency and intensity of the consumption. Then, this variable was normalized and used as

a confounding variable in all analyses.

Additionally, we tested if the specific rsFC of the Crus |l in male perpetrators correlated
with social mentalizing measures. For this purpose, the database was imputed (5.8% missing
values) using the algorithm of the missforest package (Stekhoven and Biihimann, 2012). Then,
Spearman partial correlations were conducted between the extracted values of each rsFC and
the behavioral measures (distorted thoughts about women and the use of violence, cognitive
empathy, affective empathy and emotion recognition) controlling for age and drug severity.
The correlational analyses were considered significant at a threshold at p <.05. Finally, Fisher
r-to-z transformation was performed to calculate between-group interactions in these

correlations.
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3. Results
Demographic data and crime characteristics

Groups did not differ in age, education level, type of crimes and child violence
experience. Differences were found in the severity subscale of the Conflict Tactic Scale (CTS-
2), where male perpetrators showed significantly higher scores in comparison to other

offenders and non-offenders (Table 1).
Between-group differences in functional connectivity

Male perpetrators group (MPG) > non-offenders group (NOG). MPG showed higher
functional connectivity between left posterior Crus Il and left
parahippocampus/hippocampus. Moreover, MPG showed higher functional connectivity
between right posterior Crus Il and right precuneus, right angular gyrus (AG), left posterior
cingulum cortex and bilateral parahippocampal. Finally, male perpetrators demonstrated also
higher functional connectivity between right lateral Crus Il and mid-temporal gyrus (mTG).
There were no group differences in left lateral Crus Il functional connectivity. NOG did not
demonstrate higher functional connectivity than MPG in any of the seeds (Table 2 and Figure

1).

Male perpetrators (MPG) > other offenders group (OOG). MPG demonstrated higher
functional connectivity between left posterior Crus Il and bilateral intraparietal sulcus (IPS),
left precuneus/parietal superior area and left frontal inferior operculum in comparison to
0O0G. Moreover, MPG showed higher functional connectivity between right posterior Crus I
and cuneus, right mid-occipital area, right fusiform gyrus and left parahippocampal. Finally,

MPG demonstrated higher functional connectivity than the non-offenders group between

right lateral Crus Il and cuneus. Again, there were no differences in left lateral Crus Il
functional connectivity. OOG did not demonstrate higher functional connectivity than MPG in
any of the selected seeds (Table 2 and Fig. 1). Comparisons between other offenders (00G)

and non-offenders (NOG) are described in the Supplementary material 1 (Anexo 2).
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Figure 1. Significant group differences in Crus Il seed-based analysis.

Note. Each brain image represents the correlation of the seed written below. MPG = male perpetrators group; OOG = other
offenders group NOG = non-offenders group A. MPG demonstrated higher functional connectivity than NOG between left
posterior Crus Il and parahippocampal/hippocampus, between right lateral Crus Il and precuneus, angular gyrus, posterior
cingulum and parahippocampal, and between right posterior Crus Il and mid-temporal gyrus B. MPG demonstrated higher
functional connectivity than OOG between left posterior Crus Il and bilateral intraparietal sulcus, precuneus/parietal superior
and frontal inferior gyrus, between right posterior Crus Il and cuneus, mid-occipital area, parahippocampal and fusiform
gyrus, and between right lateral Crus Il and cuneus and mid-temporal gyrus.

Correlations with social mentalizing variables in male perpetrators

Functional connectivity between right posterior Crus Il and precuneus was found
positively correlated with irrational thoughts about women only in male perpetrators (r =
0.430, p = .041). This correlation was found inverse in non-offenders (r = -0.480, p = .013).
The comparison between these correlations showed a significant difference (z score =3.43, p

<.001). This correlation was not found significant in the other offenders group.

Functional connectivity between right lateral Crus Il and mid-temporal gyrus was
negatively correlated with affective empathy in male perpetrators (r = -0.458, p = .028). This
correlation was not found significant in any of the other two groups. Direct comparison
between these correlations (MPG vs NOG) revealed a significant difference (z score = -2.05,
p < .05) (see Fig. 2). Specific information about the scores in all scales are presented in Table

1.
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Table 2. Significant differences between male perpetrators (MPG), non-offenders (NOG)

and other offenders (OOG) in functional connectivity.

Seed Brain Region X y z ke Peak t value
MPG>NOG
. Parahippocampal/
L posterior Crus Il . -22 -34 -10 136 4.46
hippocampus
R posterior Crus Il Precuneus 20 -64 24 248 4.32
Angular gyrus 42 -50 32 240 4.33
Parahippocampal -18 -36 -8 217 5.58
Posterior cingulum -8 -44 20 151 4.78
Parahippocampal 18 -36 -16 113 4.39
Mid-temporal
R lateral Crus II -60 -14 -14 126 4.60
gyrus
MPG>00G
L posterior Crus Il Intraparietal sulcus -26 -62 42 296 4.49
Intraparietal sulcus 22 -60 48 269 4.60
Precuneus /
. . -18 -74 52 161 4.46
parietal superior
Frontal inferior
-36 14 28 150 4.29
gyrus
R posterior Crus Il Cuneus -4 -82 20 1152 4.66
Mid occipital 42 -76 6 393 4.72
Parahippocampal -22 -28 -16 260 4,58
Fusiform gyrus 36 -48 -12 192 4.64
R lateral Crus I Cuneus -4 -86 18 841 5.06

Note. Coordinates (x, y, z) are given in Montreal Neurological Institute atlas space (MNI). ke = cluster size in voxels.

4. Discussion

The goal of this study was to investigate Crus Il resting-state functional connectivity in
male perpetrators in comparison to non-offenders and other offenders, and how it relates to
social mentalizing processes. We observed hyperconnectivity of the Crus Il with
parahippocampal/hippocampus, default mode network, intraparietal sulcus and occipital
areas in male perpetrators. We also found that the specific resting-state functional
connectivity in male perpetrators was associated with irrational thoughts about women and

with affective empathy.
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Figure 2. Significant Spearman partial correlations between resting-state functional

connectivity and social mentalizing processes in male perpetrators.

Note. Age and drug severity as control variables. MPG = male perpetrators group. A. Negative correlation between resting-
state functional connectivity Crus Il — mid temporal gyrus and affective empathy. B. Positive correlation between the resting-
state functional connectivity Crus Il — precuneus and distorted thoughts about women.

Our principal connectivity hypothesis was supported by these results, demonstrating
that male perpetrators presented higher resting-state functional connectivity between Crus
Il and posterior areas of the default mode network in comparison to non-offenders. More
concretely, perpetrators showed higher resting-state functional connectivity of the right
posterior Crus Il seed with the middle temporal gyrus, precuneus, right angular gyrus and left
posterior cingulate cortex. This interaction or connectivity and its clinical implications have
been widely evidenced (Schmahmann, 2004), and most of the findings converge on the
assumption that hypoconnectivity would result in deficits in social mentalizing (Shinn et al.,
2015). However, less recognition has been given to the study of cerebellum in non-clinical
research and more specifically in forensic research (Demirtas-Tatlidede & Schamahmann,
2013). Only few studies have shown that violent populations exhibit altered resting-state
functional connectivity between the cerebellum and the default mode network (DMN) in
relation to violent proneness (for a more comprehensive review, see Romero-Martinez et al.,
2019a). Furthermore, in a meta-analysis by Klaus & Schutter (2021) it has been demonstrated

that the posterior cerebellum (Crus | and Crus Il) is co-activated together with the default
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mode network during fear and anger processing. We therefore, suggest that higher functional
connectivity between the Crus Il and the default mode network might be related with

difficulties in emotional processing in male perpetrators.

Interestingly, the connectivity in this network did not remain significant when comparing
male perpetrators and other offenders. Despite this, perpetrators showed a higher resting-
state functional connectivity between right posterior Crus Il and bilateral intraparietal sulcus
and inferior frontal operculum. These cerebral areas are key regions within the brain
networks that monitor executive functions, cognitive control and motor control processes
(Hampshire et al., 2010; Bray et al., 2015). Significantly, several studies support the role of the
cerebellum in these networks. Indeed, during cognitive tasks (executive functions, working
memory and attentional processes), the activation of the cerebellum comes along with the
activation of prefrontal and parietal regions (Stoodley, 2012; Leggio & Olivito, 2018; Skouras
et al., 2018). The proposed function of the cerebellum in these cognitive processes would
consist in detecting errors between the predicted output and the current behavior, and
sending back this information to brain areas in order to generate adaptive behavior (Leggio
and Olivito, 2018). These results may indicate that the difference in resting-state functional
connectivity between other offenders and specific male perpetrators may be located in a

more cognitive domain.

Also, male perpetrators showed greater connectivity between Crus Il and the
parahippocampus/hippocampus in comparison to other offenders and non-offenders. The
posterior cerebellum has various anatomical and functional connections with cerebral regions
involved in high-level mental processes like emotion regulation (Snow et al., 2014), empathy
(Lang et al., 2011), moral judgment and violence (Demirtas-Tatlidede & Schmahmann, 2013).
These regions include the limbic system, and more concretely the amygdala and hippocampus
(Strick et al., 2009). The higher connectivity found between Crus Il, parahippocampus and
hippocampus in male perpetrators might be related to difficulties in processing moral

emotions (Leutgeb et al., 2016).

These neuroimaging results can be further understood by looking at the correlational
results. In fact, it has been found that the higher the resting-state connectivity between the

cerebellar Crus Il area and posterior default mode network (specifically, precuneus and mid-
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temporal gyrus), the greater the number of distorted thoughts about women and the lower
the empathy. Literature has shown that the resting-state connectivity between these areas
may be a reliable marker of specific cognitive abilities and personality traits that are related
to behavior regulation, and more specifically to violent proneness (Romero-Martinez et al.,
2019a). These correlations allow us to propose that there is a specific relationship between
resting-state connectivity of Crus-Il with posterior areas of the DMN and disturbances in social
cognition processes that may promote IPVAW perpetration (Ubillos-Landa et al., 2020;

Romero-Martinez et al., 2016a).

There are several limitations to the present study. First, the nature of male perpetrators
is very diverse, consequently, in this study we were unable to take into account other relevant
variables such as personality characteristics, or other sociocultural variables. Therefore, we
propose the need to carry out future studies where these variables could be under
consideration. Second, some of the social mentalizing measures are not specific to intimate
partner violence and even if significant results have been found, previous literature proposes
that the brain activation of male perpetrators is strongly related to intimate partner violence
stimuli (Marin-Morales et al., 2021). Third, although seed analysis is one of the most used
techniques in the violent population, it is a tool that depends on prior seed selection, which

makes results interpretable (Lv et al., 2018).

Despite the above limitations, this is the second study to explore the resting-state brain
mechanisms underlying social cognition processes in men convicted of intimate partner
violence. The value of studying intrinsic connectivity in violent populations has been widely
defended in the literature, not only because it is a neuroimaging tool that allows us to
understand how the brain processes social information (Doruyter et al., 2017), but also as a
possible marker of violent proneness (Romero-Martinez et al., 2019a). Alterations in the
process of social mentalizing could lead to a spiral of behavior that is not only maladaptive,
but violent towards other people (Mdller et al., 2014). In this study it has been found again
that male perpetrators show hyperconnectivity compared to men with no criminal records

and men convicted of other crimes.

The most extended research line argues that cerebro-cerebellar hypoconnectivity could

underlie alterations in different social cognition processes in people with clinical diagnoses
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(Shinn et al., 2015). Although studies with non-clinical populations are scarcer, one would
expect to find the same results. However, what we found in male perpetrators is a
hyperconnectivity accompanied by significant associations with measures of social
mentalizing. One possible explanation is the existence of compensatory mechanisms. This
proposal has been taken in violent populations (Leutgeb et al., 2016) and psychopathic
criminals (Contreras-Rodriguez et al., 2014). This mechanism would suggest the need of an
effort to compensate for deficient coupling between brain areas involved in socioemotional
processing (Leutgeb et al., 2016). This is a novel proposal that would require future studies in

order to validate it.

We conclude that the cerebellum is a core structure for social cognition processes. More
concretely, in this study we found that resting-state functional connectivity between Crus Il
and default mode network, limbic areas and prefrontal areas is specific of male perpetrators
and it is related to social mentalizing processes associated with violent perpetration. Although
in this study we focus on Crus Il as a specialized area in social mentalizing process (Van
Overwalle et al., 20203, Van Overwalle et al., 2020b), future studies are needed in order to
explore the cerebellar functioning of anterior (IV, V and VI) and posterior (Crus | and lobule
IX) areas in male perpetrators as a modulator of social processes. Finally, we highlight the
great importance of including the work on the different processes of social cognition in

intervention programs with male perpetrators and in prevention programs.
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CAPITULO 7.

INTRINSIC NEURAL DYNAMICS UNDERLYING THE
ABILITY TO DOWN-REGULATE EMOTIONS IN MALE
PERPETRATORS OF INTIMATE PARTNER VIOLENCE
AGAINST WOMEN

Este capitulo se encuentra prerregistrado en OSF:

Amaoui, S., Marin-Morales, A., Martin-Pérez, C., Pérez-Garcia, M., Verdejo-Roman, J., &
Morawetz, C. (2022). Intrinsic neural dynamics underlying the ability to down-regulate
emotions in male perpetrators of intimate partner violence against women

https://doi.org/10.17605/0SF.I0/AUJ2M (en preparacion).
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1. Introduction

Intimate partner violence against women (IPVAW) is the most severe expression of
inequality and power relations of men over women (World Health Organization [WHO],
2018). According to the last estimates, about 38% of femicides worldwide are committed by
male intimate partners, and 22-31% of all women have been subjected to violence from an
intimate male partner at least once in their lifetime (WHO, 2018). The societal and personal
consequences for survivors of IPVAW are tremendous. Women survivors suffer from life-long
physical, sexual and (neuro)psychological sequelae (Fernandez-Fillol et al., 2021; Bacchus et
al., 2018; Daugherty et al., 2019). These statistics provide compelling evidence for a more
detailed understanding of the neural mechanisms underlying IPVAW perpetration in order to

predict and prevent this sort of violence (Bueso-lzquierdo et al., 2016b).

The etiologic mechanisms and risk factors implicated in IPVAW are highly diverse (Patro-
Hernandez, 2017). Therefore, one efficacious approach to reduce global incidence would be
identifying common characteristics. Recent research points to difficulties in emotion
regulation among male perpetrators of IPVAW as being one consistent risk factor for the
expression of violence (Marin-Morales et al., 2021; Berke et al., 2019). Emotion regulation
describes the ability to effectively manage emotional experiences by applying cognitive
strategies to either up- or down-regulate their intensity (Gross, 2002). Effective emotion
regulation is associated with several positive outcomes, such as improved mental and physical
well-being (Singh & Mishra, 2011), adaptive social behavior (Marroquin et al., 2017), and
quality of our personal and professional relationships (Fischer et al., 2016). In contrast,
emotion dysregulation represents a transdiagnostic factor related to a large diversity of
conditions, including major depression, anxiety disorders (Gross & Jazaieri, 2014), substance
use disorders (Wilcox et al., 2016), schizophrenia (Horan et al., 2013), and other diagnoses
(Aldao et al., 2016). Additionally, deficits in emotion regulation have been associated with
lower empathy for others (Zaki, 2020) and greater use of violence to solve conflicts (Roberton

etal., 2012).

So far, in particular, one cognitive strategy has been studied most in violent populations,
namely reappraisal (e.g., Walker et al., 2022; Barlett & Anderson, 2011). Reappraisal is the

reinterpretation of an emotion-eliciting situation in a way that alters its meaning and changes
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its emotional impact (Gross, 2015). Behavioral research demonstrates that the use of
reappraisal to down-regulate emotions reduces indicators of anger provocation (Mauss et al.,
2007) and aggressive behaviors (Shorey et al., 2015; Barlett & Anderson, 2011). These results
are in line with studies focusing on intimate partner violence experiences, pointing out that
male perpetrators struggle to regulate negative emotions, resulting in violent reactions
against their partners (McNulty & Hellmuth, 2008). In addition, studies showed that male
perpetrators who used reappraisal to down-regulate anger provocation tended to articulate

less aggressive verbalizations (Birkley & Eckhardt, 2019).

At a neural level, a large body of literature examined the neural architecture underlying
reappraisal (e.g., Morawetz et al., 2020; Langner et al., 2018; Kohn et al., 2014). Reappraisal
is based upon a wide-spread network including frontal and temporoparietal regions: the
ventrolateral and dorsolateral prefrontal cortex (VLPFC and DLPFC) involved in cognitive
control and top-down regulation (Sturm et al., 2016), the middle temporal area (MTA)
suggested to play an intermediary role between prefrontal and subcortical areas (Ochsner et
al., 2012), the supplementary motor area (SMA) associated to emotion processing balance
between preparation and behavior (Morawetz et al., 2016), and the temporoparietal junction
(TPJ/STG) implicated in self-reference and the attribution of mental states and intentions to
others (Schurz & Perner, 2015; Kohn et al., 2014). Notably, a meta-analysis has demonstrated
that the large-scale network underlying reappraisal is modulated by the regulation goal (up-

or down-regulation) and the stimulus valence (Sokolowski et al., 2022; Morawetz et al., 2017).

While the neural basis of reappraisal in healthy individuals is well understood, literature
investigating the neural networks underlying emotion regulation difficulties in male
perpetrators is sparse (Marin-Morales et al., 2021). To the best of our knowledge, to date,
only one functional magnetic resonance imaging (fMRI) study examined the neural
underpinnings of reappraisal in this specific group of men (Marin-Morales et al., 2021). The
study showed that during down-regulation condition, male perpetrators reported increased
activation of the rVLPFC when viewing IPVAW pictures compared to other offenders. They
also exhibited greater activation of the right ventral anterior cingulate cortex and left insula
while viewing IPVAW stimuli versus negative stimuli during the down-regulation condition. In

addition, a recent resting-state fMRI study (Amaoui et al., 2022) investigated the functional
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connectivity in male perpetrators compared to two control groups (non-offenders and other
offenders) and reported increased functional connectivity between reappraisal core brain
regions, specifically, between MTA, DLPFC and VLPFC and between DLPFC and SMA. These
findings suggest that male perpetrators present a specific brain functioning associated to

reappraisal strategy.

However, it remains unknown how the ability to down-regulate emotions is related to
intrinsic brain connectivity. Moreover, functional connectivity analyses are correlational;
thus, no causal (directed) inferences could be drawn about the neural architecture underlying
reappraisal in male perpetrators. Using spectral dynamic causal modeling (spDCM; Friston et
al., 2014) it is possible to examine brain network dynamics without a task, thereby revealing
information about baseline connectivity patterns. This novel technique allows the estimation
of effective connectivity parameters such as the connection strength, the directionality and
whether a specific connection is more likely to exert an excitatory or an inhibitory effect on
another region (Stephan et al., 2010). This neural information could be related to behavioral
and cognitive manifestations of emotion regulation difficulties and, in turn, partially explain
violent behavior. Given the recent development of the neuroscientific field IPVAW, it could
be of particular relevance to use this intriguing possibility of spDCM analysis to identify

possible biomarkers that could be used in intervention studies.

The present preregistered study (https://osf.io/auj2m) investigates for the first time the
effective (directed causal) connectivity at rest within the brain network support reappraisal
to down-regulate emotions (obtained from a recent meta-analysis; Morawetz et al., 2022) in
men convicted for an IPVAW crime and relates it to the ability to down-regulate emotions.
Given the preciousness of a dataset of men convicted for an IPVAW crime, this work
represents an extension of the previously published studies (Marin-Morales et al., 2021;
Amaoui et al. 2022). In the present research, we aimed to determine whether the task effects
(i.e. emotional state ratings obtained during task-based fMRI; Marin-Morales et al., 2021) is
—to some extent —related to the effective connectivity of the reappraisal network at rest. To
address this issue, spDCM represents the optimal analysis approach. Two groups of men
served as a control to determine differences in effective connectivity changes. The first

control group consisted of men with no criminal records, and the second control group
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included men convicted for crimes other than IPVAW (e.g. drug trafficking, dangerous
driving). Given the sparse literature on resting-state brain connectivity of male perpetrators
(Amaoui et al., 2022), we hypothesized that: (1) male perpetrators would demonstrate
different patterns of effective connectivity within reappraisal brain network compared to
both control groups, and (2) that the intrinsic effective connectivity of male perpetrators will
be modulated by the ability to down-regulate negative emotions when viewing IPVAW-

related stimuli.

2. Methods

Participants

A total of 84 men aged 18 years or older participated in the present study: 26 male
perpetrators (MPG; mean age =41.19, SD =9.71), 29 other offenders (OOG; mean age =38.97,
SD = 11.05) and 29 non-offenders (NOG; mean age = 38.28, SD = 8.54). Inclusion criteria were
defined as follows. The MPG consisted of men convicted of an intimate partner violence crime
against women, which, according to Spanish law “covers any act of physical, psychological
and sexual violence exercised over women by those who are or have been their male spouses
or by those who are or have been linked to them by a similar relationship” (Law 1/2004,
Comprehensive Protection Law against Intimate Partner Violence, IPV). The OOG consisted of
men convicted of a crime unrelated to IPVAW, such as drug trafficking, dangerous driving or
scams. The NOG consisted of men with no previous criminal records. All groups shared the
following exclusion criteria: neurological disease, antecedents of drug or alcohol abuse history
(based on the Diagnostic and Statistical Manual of Mental Disorders 4th ed; DSM-IV), illiteracy
and the presence of contraindications for the MRI scanning. In addition, participants from the
NOG and OOG that obtained a score equal to or greater than 11 on the severity scale of the
Conflict Tactic Scale-2 (Loinaz et al., 2012) were excluded. This criterion was added to ensure
that none of the participants from both control groups had a previous history of IPVAW
(Bueso-lzquierdo et al., 2016a; Verdejo-Roman et al., 2019; Marin Morales et al., 2021; 20223;

2022b). A detailed description of the sample is shown in Table 2.

This study is part of a larger project approved by the Research Ethics Committee of the

University of Granada in Spain (number issued: 1000/CEIH/2019). The participants belonging
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to the convicted groups were collected from the Social Integration Centre “Matilde Cantos
Ferndndez" in Granada (Spain). Non-offenders were recruited through academies and social
media. Afterwards, they were requested to fill out the informed consent form voluntarily and
anonymously (Organic Law 3/2018, December 5). All participants received 50 euros for

participating in the study, but no penal benefit was given to the convicted groups.

Questionnaires/Self-report data

Sociodemographic background

The Interview evaluating the Risk of Serious Couple Violence (Echeburua et al., 2008) was
used to assess general sociodemographic information about both the victim and the
perpetrator, the violence committed during the relationship, vulnerability factors of the
victim, and relationship status were also included. Finally, information was collected

regarding other crimes, drug abuse, head injury, and childhood and family support.

Crime characterization

The Spanish version of the Conflict Tactic Scale-2 (Loinaz et al.,, 2012) was used to
evaluate the severity, frequency and intensity of the violence committed during the last year
before the experiment and throughout the whole relationship. It comprises two levels of
severity (minor or severe) in 5 different subscales (physical violence, psychological aggression,

sexual coercion, damages and negotiation).

Emotion regulation assessment

The Difficulties in Emotional Regulation Scale (DERS; Gratz & Roemer, 2004) in its Spanish
version (Hervds & Jodar, 2008) evaluates issues in different emotional regulation aspects
through 28 items assessed on a 5- point Likert scale ranging from 1 “almost never” to 5
“almost always”. It is composed by the following six subscales: (a) lack of emotional
awareness, (b) non-acceptance of emotional responses, (c) difficulty engaging in goal-
directed behavior, (d) impulse control difficulties, (e) limited access to emotion regulation
strategies and, (f) lack of emotional clarity. In each subscale, the higher the score, the greater

the difficulties in emotional regulation.
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The Emotional Regulation Questionnaire (ERQ; Gross & John, 2003) in its Spanish version
(Cabello et al., 2013). It is a 10-item scale designed to measure the tendency to regulate
emotions in two ways: cognitive reappraisal (6 items) and expressive suppression (4 items).
Participants answer each item on a 7-point Likert scale ranging from 1 “strongly disagree” to
7 “strongly agree”. Within each subscale, the higher the score, the greater the use of the

emotional regulation strategy.

Emotion regulation task

The emotion regulation task (Marin-Morales et al., 2021) was adapted from a previous
study (Phan et al., 2005). Forty pictures were used as stimuli, divided into 8 neutral pictures,
16 negative pictures unrelated to IPVAW collected from the International Affective Picture
System (IAPS; Lang et al., 1997) (e.g. injured animals, men in a war), and 16 IPVAW-related
pictures (e.g., men threatening a woman, men hitting their female partner) used in a previous
study with the same population (Bueso-lzquierdo et al.,, 2016a). Three conditions were
implemented in the task: (1) In the ‘Observe’ condition, participants had to passively observe
neutral pictures, without trying to manipulate their own emotional state. (2) In the
‘Experience’ condition, participants were asked to increase the intensity of their emotional
state by using reappraisal strategies viewing negative IPVAW-unrelated pictures or IPVAW-
related pictures. Participants were asked to up-regulate the emotional impact by putting
themselves in the actors’ position. (3) In the ‘Suppress’ condition, participants were asked to
reduce the intensity of their emotional state by using reappraisal strategies while viewing
negative IPVAW-unrelated pictures or IPVAW-related pictures. They were instructed to down-
regulate the emotional impact by taking an external perspective, distancing from the
experience or thinking that the situation is not real. All participants had a pre-scanner training,

where they practiced reappraisal strategies.

The task consisted of four blocks for each condition (20 blocks in total). Each block started
with the written instruction presented on the screen for four seconds indicating the
experimental condition. During the regulation phase, participants had to implement the
instructed reappraisal goal or passively observe the pictures for 10 seconds. This was followed
by an emotional state rating (5 seconds). Participants had to rate the intensity of the

experienced emotion on a scale ranging from 1 (slightly unpleasant) to 5 (very unpleasant).
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After each block, a fixation cross was presented in the center of the screen for 10 seconds.
The task duration was 780 seconds. Behavioral data from the down-regulation condition were

used to create the covariate of interest for the spDCM analysis (section 2.5.1).

MRI data acquisition

All subjects underwent MRI scanning at the Mind, Brain and Behavior Research Center
(Granada, Espafia). Resting-state images were acquired using a 3-T Siemens Trio MRI scanner
with a 32-channel whole brain coil. First, high-resolution T1-weighted anatomic images were
acquired using a three-dimensional weighted turbo-gradient-echo sequence in the sagittal
orientation. Acquisition parameters were: Repetition time (TR) = 2300 ms; Echo time (TE) =
3.1 ms, Field of view (FOV) = 208; Voxel size = 0.8 x 0.8 x 0.8 mm, 208 slices. Functional images
were acquired using a T2*-weighted echo-planar imaging (EPI) sequence. A total of 240
whole-brain volumes were recorded with the following parameters: TR = 2.0s; TE = 25 ms;
FOV = 238 x 238 mm2; Acquisition Matrix = 68 x 68; thirty-five 3.5m axial slices, Voxel Size =
3.5x3.5x3.5mm3. All subjects were asked to close their eyes and try not to think of anything

particular during the 8 minutes scan.

Analyses

Behavioral data

Behavioral data were analyzed using the Statistical Package for the Social Sciences,
version 22 (SPSS; Chicago, IL, USA). ANOVAs or contingency tables (depending on the type of
variable) were carried out in order to verify that there were no significant between-group
differences in the sociodemographic (i.e. age, drug consumption, brain injury) and crime
variables. Differences were found in drug consumption and consequently, a new variable
named “drug severity” was created by summing the affirmative responses to the DSM-IV
criteria for alcohol and drugs, adding the intensity and frequency of the consumption. Drug

severity was used as a control variable in all fMRI analyses.

The emotional state ratings of the emotion regulation task-based fMRI (Marin-Morales et al.,
2021) were used to calculate the ability to down-regulate emotions in response to IPVAW-

related pictures. This variable was calculated from the down-regulation condition, by
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subtracting the mean emotional state in response to negative IPVAW-unrelated images from
the mean emotional state while viewing IPVAW-related images. This means that the higher
the value, the higher the difficulty to down-regulate the emotional state while viewing
IPVAW-related images. This new variable was used as a covariate of interest in the

connectivity analyses.

fMRI data

Preprocessing

Brain images were preprocessed using the Functional Connectivity CONNv20b Toolbox
(Whitfield-Gabrieli & Nieto-Castanon, 2012) running under Matlab R2020a (MathWorks,
Natick, MA, USA). Preprocessing comprised: (1) functional realignment and slice timing
correction, (2) outlier detection using ART toolbox, (3) denoising of potential confounding
effects using by CompCor procedure, including five principal components from cerebrospinal
areas and white matter, 12 motion regressors, (4) translation, three rotation plus their second
temporal derivatives) and regressors of noise components (one for each identified outlier
scan), (5) segmentation of the structural and functional data, (6) coregistration of functional
images using each participant’s anatomical scans, (7) normalization of the functional images,
(8) reslice to a 2mm voxel size in Montreal Neurological Institute space (MNI) and (9) spatial
smoothing using a 6-mm FWHM isotropic Gaussian Kernel. Due to group differences in motion
during the scanning, mean motion value was used as a control variable in all subsequent fMRI

analyses.

ROl selection

Seven regions of interest (ROIs) representing the brain network supporting reappraisal to
down-regulate emotions were selected from a recent meta-analysis by Morawetz et al.
(2022), including the left inferior frontal gyrus (LIFG), right inferior frontal gyrus (RIFG), right
middle frontal gyrus (RMFG), left medial frontal gyrus (LMeFG), left middle temporal gyrus
(LMTG), left superior temporal gyrus (LSTG) and right supramarginal gyrus (RSMG). ROls were
defined as spheres with a radius of 6mm. The MNI coordinates are reported in Table 1 and
illustrated in Figure 1. MarsBaR Toolbox was used to extract the time courses for each ROI.

First-level maps were estimated in a general linear model (GLM) in SPM12 by including each
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ROIs’ time courses and nuisance signals (motion, white matter, CSF time series and invalid
scans) as regressors of no interest. Finally, a high-pass filter with a 128-second cutoff period

was used.

Table 1. Coordinates of Regions of Interest (ROls)

ROIs R/L Shorthand term MNI Coordinates
X y z

Inferior frontal gyrus L LIFG -46 28 -8
Inferior frontal gyrus R RIFG 50 30 -8
Middle frontal gyrus R RMFG 42 24 40
Medial frontal gyrus/SMA L LMeFG -4 12 62
Middle temporal gyrus L LMTG -60 -38 -2
Superior temporal gyrus L STG -42 -56 24
Supramarginal gyrus R RSMG 58 -54 38

Spectral dynamic causal modeling

Spectral DCM for resting state fMRI is a Bayesian framework for inferring unobserved
(hidden) neural states from measured brain activity (BOLD signal). This analysis estimates
effective connectivity parameters: connection strength, directionality and whether a specific
connection is more likely to exert an excitatory or an inhibitory effect on a target region

(Stephan et al., 2010).

This study examined resting-state effective connectivity using DCM12 implemented in
SPM12. Each participant specified a fully connected 7-nodes DCM (49 connections) without
exogenous inputs. Unlike stochastic DCM, Cross Spectral Densities (CSD) are used for
modelling rs-fMRI data in the frequency domain instead of the time domain. This
transformation allows for a more efficient inversion of the full model (Friston et al., 2014).
Bayesian Model Inversion (BMI) was based on the standard variational Laplace procedure.
This method uses Free Energy as a proxy for (log) model evidence (Zeidman et al., 2019a). As
a result, the percentage of variance explained by the model for each participant ranged from
79.24 to 93.54, which reflects good data fits for each estimated model. Specific diagnostics of
the success of model inversion for each participant are presented in Supplemental Figures S1

and S2 (Anexo 3).

91



RIFG . \

LIFG ¢

LMeFG N .0 e RSMG
® LsTG \
|
LMTG [ ” |-MTG0 A V& :
[ ) LIFG“ - " 'RIFG

LSTG p RSMG

Figure 1. Selected anatomical Region of Interest (ROIs).

Note. 7 ROls were selected from a recent meta-analysis of Morawetz et al. (2022). ROIs radius of all seeds = 6 mm.

For the second-level analyses, hierarchical models over the parameters were specified
within the Parametric Empirical Bayes (PEB) framework (Friston et al., 2016). Three separate
Bayesian models were assessed: (1) differences in effective connectivity of MPG versus NOG
and OOG, (2) differences in effective connectivity of OOG versus NOG; (3) changes in effective
connectivity in male perpetrators modulated by the ability to down-regulate emotions in
response to IPVAW-related pictures. All models included age, drug severity and mean motion
as regressors of no interest. For the first two models, groups were modeled as a covariate of
interest. The first two models included a first vector [1 (MPG), 0 (O0G), -1 (NOG)] and a
second vector [1 (MPG), -1 (O0G), 0 (NOG)]. The second group model included a first vector
[0 (MPG), 1 (O0G), -1 (NOG)] and a second vector [ -1 (MPG), 1 (O0OG), 0 (NOG)]. The third
model included only participants from male perpetrator group. The ability to down-regulate
emotions in response to IPVAW-related stimuli was first mean-centered (each participant’s
value minus the mean group) and then included as variable of interest in the model. Bayesian
Model Reduction (BMR) was applied to restrict the parameters and connectivity strengths to
find the best model to explain the data. This exploratory approach assumes that all reduced
models are equally probable a priori and discards those parameters that do not contribute to
model evidence (Zeidman et al., 2019b). A Bayesian Model Average (BMA) was calculated,
and models were compared using log Bayesian model evidence. A posterior probability of

95% was used as a threshold for inference.
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Table 2. Sociodemographic background, crime characteristics and emotion regulation self-

reports of the 3 groups

Variables MPG (n = 26) 00G (n =29) NOG (n =29) F/ x2 p-value
Sociodemographic background
Age (years) 41.19 (9.71) 38.97 (11.05) 38.28 (8.54) 0.66 .51
Years of education 9.19 (4.30) 9.55 (3.58) 9.86 (2.44) 0.25 77
Drug severity 1.11 (.40) 1.09 (.36) 0.91 (.33) 2.61 .08
Loss consciousness
Yes (<30 min) 3.8% (1) 3.4% (1) 0% (0) 2.66 95
Yes (<15 min) 19.3% (5) 13.7% (4) 20.6% (6)
No 77% (20) 82.7% (24) 79.3% (23)
Crime characterization
Severity (CTS-2) 4.27 (6.27) 0.24 (.51) 0.31(.93) 11.43 <.00
Type of crime
PV = 57.7% (15) SCF = 10.3% (3)
PPV =42.3% (11) DD =17.24% (5)
GAR =24.1% (7)
DT =34.5% (10)
AA =3.4% (1)
UM=10.3% (3)
Self-report emotion regulation measures
DERS*
Non acceptance of
negative emotional 12.88 (6.54) 12.61 (5.92) 11.64 ( 5.18) 33 71
responses
Difficulties engaging in
goal-directed behaviour 11.76 (4.25) 11.07 (4.35) 11.31(3.84) 19 83
Difficulties controlling
impulsive behaviour 11.62 (5.84) 11.72 (5.75) 10.07 (3.23) .89 41
Lack of emotional
awareness 15.00 ( 4.63) 12.75 (4.48) 14.79 (3.42) 2.41 .09
Limited access to ER
strategies 14.04 ( 6.48) 13.04 ( 5.98) 12.52 (5.57) 41 67
Lack of emotional 9.08 ( 3.00) 8.41 (3.49) 8.36 (2.68) 46 63
clarity
ERQ
Cognitive reappraisal 30.79 (7.11) 29.59 (6.86) 29.34 (7.46) .30 74
Expressive 18.20 (6.09) 16.00 ( 6.45) 15.28 (5.09) 1.67 19
suppression
Behavioural variable emotion regulation
Difficulty to down-regulate .72 (.76) .60 (.95) A2 (.84) .87 A2
fMRI Mean movement .29 (.13) .21 (.08) .22 (.08) 4.61 .01

Note. MPG = male perpetrators group; OOG = other offenders group; NOG = non-offenders group; CTS-2 = Conflict Tactic
Scale-2; Drug severity variable (log10 normalised); PV = psychological violence; PPV = physical and psychological violence;
SCF = scams or crimes of forgery; DD = dangerous driving; GAR = Grave assault/robbery; DT = drug trafficking; VF = violent
fight; AA = Attack on authority; UM = unspecified misdemeanor (lost answers). DERS = the Difficulties in Emotion

Regulation Scale; ERQ = Emotion Regulation Questionnaire. * Lost answers. MPG (N = 24), 00G (N = 27), NOG (N = 25).
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Predictive validity: cross-validation

To determine if specific male perpetrators’ effective connectivity could predict the ability
to down-regulate emotions in response to IPVAW-related pictures, a leave-one-out cross-
validation (LOOCV) analysis was performed (Zeidman et al., 2019b). A PEB model was applied
only to connections found significant in the third model (modulation of the effective
connectivity within MPG by the ability to down-regulate emotions in response to IPVAW-
related pictures) using a 95% credible interval of the prediction. This analysis fits all except
one subject, and the excluded subject's covariates are predicted. This process is repeated with

each subject left out, and the accuracy of the prediction is assessed (95% credible interval).

Pearson's correlation coefficient was calculated (p <.05), and those values that remained
significant represent which connections larger enough to predict the ability to down-regulate

emotions in response to IPVAW-related stimuli.

3. Results

Behavioral results and self-report measures

There were no between-group differences in any of the sociodemographic variables (age,
years of education or head injury). Finally, no significant differences were found between the
three groups in the self-report emotion regulation measures nor in the ability to down-
regulate emotions in response to IPVAW-related pictures tested in the task-based fMRI
(Marin-Morales et al., 2021). Results are reported in detail in Table 2. Differences were found
in drug severity and mean motion during fMRI scanning. Thus, age, drug severity and motion

were used as control variables in the effective connectivity analyses.

Between-group differences in effective connectivity.

Criminal men (male perpetrators and other offenders) versus non-offenders

Male perpetrator group (MPG) versus non-offender group (NOG): Half of the significant
connections (5/10) demonstrated increased connectivity in male perpetrators compared to
non-offenders. Specifically, male perpetrators showed increased connectivity within frontal

areas, from RIFG to LMeFG and from LIFG to RMFG. In addition, increased connectivity was
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observed from frontal areas (LIFG) to temporoparietal areas (LSTG and RSMG), while reduced
effective connectivity was found from temporoparietal areas (LMTG, LSTG and RSMG) to
frontal areas (bilateral IFG and LMeFG) in male perpetrators compared to non-offenders. All
connections were inhibitory, except from LMTG to RMFG projection. Of note, LIFG was found
to be the brain region with the most input and output connections. Results are shown in

Figure 2a and Table 3.
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Figure 2. Effective connectivity differences between criminal men and non-offenders.

Note. A. Male perpetrators (MPG) compared to non-offenders (NOG) B. Other offenders (OOG) compared to non-offenders
(NOG). Positive values (green) indicate increased connectivity for MPG and OOG compared to NOG. Negative values (orange)
indicate reduced connectivity for MPG and OOG compared to NOG. Effective connectivity can be interpreted from source
(column) to target (row). The connections highlighted in black are those that overlap in both comparisons.

Other offender group (OOG) versus non-offender group (NOG): The analysis showed a
large amount of overlap with the previous comparison. Specifically, other offenders
demonstrated increased effective connectivity within frontal regions (from bilateral IFG to
RMFG and LMeFG) compared to non-offenders. Moreover, other offenders also showed
increased connectivity from frontal (LIFG) to temporoparietal regions (LSTG and RSMG), but
decreased connectivity in the opposite direction. Finally, unlike male perpetrators, other
offenders also demonstrated decreased connectivity from frontal LMeFG and RMFG regions
to temporoparietal areas (LSTG and RSMG) compared to non-offenders. 77% of the
connections (10/13) were inhibitory and 33% were excitatory. Results are presented in Figure

2b and Table 3.
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Table 3 - Significant differences in effective connectivity between male perpetrators and
other offenders compared to non-offenders.

Network Connectivity Group comparison Effect size in Hz
Source Target
MPG-NOG

Inhibition LIFG - RMFG + 0.13
LIFG - LSTG + 0.13
LIFG - RSMG + 0.13
RIFG - LMeFG + 0.08
RSMG - RMFG + 0.07
LMeFG - LIFG - -0.09
LSTG -> LMeFG - -0.14
RSMG - LIFG - -0.11
RSMG - RIFG - -0.07

Excitation  LMTG - RMFG - -0.11

00G-NOG

Inhibition LIFG -> RMFG + 0.13
LIFG - RSMG + 0.12
RIFG > LMeFG + 0.08
RSMG - RMFG + 0.08
LMeFG - LIFG - -0.10
LMeFG - LSTG - -0.10
LMeFG -> RSMG - -0.09
RSMG - LIFG - -0.13
RSMG - RIFG - -0.08
LIFG - LSTG + 0.16

Excitation LMTG - RMFG - -0.06
LSTG - LMeFG - -0.13
RMFG - RSMG - -0.10

Note. MPG = male perpetrator group; OOG = other offender group; NOG = non-offender group; Group comparison always
in relation to the convicted groups (MPG and OOG). Increased connectivity in MPG or OOG compared to NOG is
represented by “+”, while decreased connectivity in MPG or OOG compared to NOG is represented by “-”. Left inferior
frontal gyrus (LIFG), right inferior frontal gyrus (RIFG), right middle frontal gyrus (RMFG), left medial frontal gyrus (LMeFG),
left middle temporal gyrus (LMTG), left superior temporal gyrus (LSTG) and right supramarginal gyrus (RSMG).

Differences between criminal groups

Male perpetrator group (MPG) versus other offender group (OOG): From the total of
connections, 60% (12/20) were increased in male perpetrators and 40% were reduced
compared to other offenders. Within frontal areas, increased connectivity was found from
bilateral IFG to RMFG and LMeFG, while a reverse pattern was found in the opposite direction.
No clear pattern was found from frontal to temporo-parietal regions, however, we observe
increased connectivity from RMFG and LMeFG to temporoparietal areas, but reduced

connectivity from left IFG. Finally, male perpetrators also reported increased connectivity
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from temporoparietal areas (LSTG and RSMG) to frontal areas (bilateral IFG and LMeFG).
Similar to the previous contrasts, more connections were inhibitory. 60% of all connections
modulated by the group factor were inhibitory and 40% were excitatory. Results are shown

in Figure 3a and Table 4.
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Figure 3. Effective connectivity differences between convicted men and association
between the ability to down-regulate emotions in response to IPVAW-related pictures and

male perpetrators’ effective connectivity.

Note. A. Male perpetrators (MGP) compared to other offenders (OOG). B. Association between the ability to down-regulate
emotions in response to IPVAW-related pictures and specific effective connectivity within male perpetrator group. Positive
values (green) indicate increased connectivity for MPG and OOG compared to NOG. Negative values (orange) indicate
reduced connectivity for MPG and OOG compared to NOG. Effective connectivity can be interpreted from source (column)
to target (row). The connections highlighted in black are those that overlap in both analyses.

Association between the ability to down-regulate emotions in response to IPVAW-related

stimuli and male perpetrators’ effective connectivity.

After determining the neural differences between-groups, we were specifically
interested in how the effective connectivity at rest was related to the behavioral ability to
down-regulate emotions in response to IPVAW-related pictures within male perpetrator

group. The results of this analysis are shown in Figure 3b and reported in Table 5.
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Table 4 - Significant differences in effective connectivity between male perpetrators and
other offenders.

Network Connectivity GrouP Effect size in Hz
comparison
Source Target
MPG-00G

Inhibition RMFG > LSTG + 0.06
LMeFG -> LIFG + 0.09
LMeFG -> RMFG + 0.13
LMeFG -> LMTG + 0.08
LSTG -> LIFG + 0.13
RSMG > LIFG + 0.14
RSMG -> RIFG + 0.08
LIFG > RMFG - -0.11
LIFG - RSMG - -0.09
RIFG -> LMeFG - -0.07
RMFG > LIFG - -0.09
RMFG - LMTG - -0.08

Excitation RIFG - LIFG + 0.08
RIFG - LMTG + 0.13
RMFG > RSMG + 0.25
LSTG - LMeFG + 0.09
LSTG > RSMG + 0.17
RSMG - RMFG - -0.18
LIFG -> LMTG - -0.09
LIFG > LSTG - -0.18

Note. MPG = male perpetrator group; OOG = other offender group. Group comparison always in relation to male
perpetrators. Increased connectivity in MPG compared to OOG is represented by “+”, while decreased connectivity in MPG

compared to OOG is represented by “-”. Left inferior frontal gyrus (LIFG), right inferior frontal gyrus (RIFG), right middle

frontal gyrus (RMFG), left medial frontal gyrus (LMeFG), left middle temporal gyrus (LMTG), left superior temporal gyrus
(LSTG) and right supramarginal gyrus (RSMG)

Within the reappraisal network, half of the connections (12/24) were positively
associated with the ability to down-regulate emotions in response to IPVAW-related pictures.
Connections within frontal regions, specifically those coupling the IFG to RMFG/LMeFG, were
positively associated. In contrast, connections in the opposite direction (from RMFG/LMeFG
to IFG) were negatively associated with the ability to down-regulate emotions in response to
IPVAW-related stimuli. Regarding fronto-temporoparietal projections, connections from
LIFG/RMFG to LSTG/RSMG were positively associated. In contrast, projections from
RIFG/LMeFG to LSTG/RSMG demonstrated a negative association. Moreover, connections
from temporoparietal to frontal regions were negatively associated with the ability to down-

regulate emotions in response to IPVAW-related stimuli, except for LMTG. Finally,
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connections within temporoparietal areas were also negatively associated. Overall, 54%

connections were inhibitory and 46% were excitatory.

Additionally, from all the aforementioned connections, 13 overlapped with male
perpetrators vs other offenders comparison. These connections included: all projections from
frontal to temporoparietal regions except for RIFG to RSMG and LMeFG to LSTG, and mostly
all within prefrontal connections and from temporoparietal to frontal projections overlapped
with the between-criminal group comparison. LIFG node was the brain region presenting

most overlap in both contrasts.

Prediction of the ability to down-regulate emotions in response to IPVAW-related pictures

from effective connectivity of male perpetrators

Finally, we assessed whether the ability to down-regulate emotions in response to
IPVAW-related pictures could be predicted by the effective connectivity between those areas
that survived a threshold of a posterior probability of >.95. The LOOCV analysis revealed that
effect sizes were large enough to predict the ability to down-regulate emotions in response
to IPVAW-related stimuli with an out-of-sample estimate for five connections: from LMeFG
to LSTG, from LIFG to RMFG and, from RMFG to 3 different areas (LSTG, LMeFG and RSMG).
In addition, all these connections overlapped with the effective connectivity comparison
between MPG and OOG (except for the RMFG to RSMG projection). Results are shown in

Figure 4 and reported in Table 6.
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Table 5. Significant associations between the ability to down-regulate emotions in
response to IPVAW-related pictures and effective connectivity in male perpetrators.

Network Connectivity Association with Effect size in
covariate Hz
Source Target
Inhibition LIFG - RMFG + 0.31
LIFG - LSTG + 0.10
LIFG - RSMG + 0.16
RIFG - LMeFG + 0.07
RMFG - LSTG + 0.18
LMTG - RIFG + 0.12
LMTG - RMFG + 0.10
LMTG - LMeFG + 0.11
RMFG -> LIFG - -0.24
RMFG -> LMeFG - -0.21
LMTG -> LSTG - -0.12
LSTG -> LIFG - -0.11
RSMG - LIFG - -0.09
Excitation LIFG - LMeFG + 0.11
RMFG - RSMG + 0.35
LMeFG - RMFG + 0.09
RSMG - RIFG + 0.12
LIFG - LMTG - -0.14
RIFG -> RSMG - -0.21
LMeFG -> LIFG - -0.21
LMeFG > RIFG - -0.10
LMeFG - LSTG - -0.21
LSTG - RMFG - -0.12
RSMG -> LSTG - -0.07

Note. MPG = male perpetrators group; OOG = other offenders group; NOG = non-offenders group; Association with the
covariate: “+” represents a positive association between the specific connectivity and the covariate of interest while “-”
represents a negative association between the specific connectivity and the covariate of interest. Left inferior frontal gyrus
(LIFG), right inferior frontal gyrus (RIFG), right middle frontal gyrus (RMFG), left medial frontal gyrus (LMeFG), left middle
temporal gyrus (LMTG), left superior temporal gyrus (LSTG) and right supramarginal gyrus (RSMG).

Table 6 - Significant associations after cross-validation between the ability to down-
regulate emotions in response to IPVAW-related pictures and EC in male perpetrators.

Association with

Network Connectivity X Pearson’sr p-value
covariate

Source Target

Inhibition LIFG - RMFG + A7 .01
RMFG -> LSTG + .38 .03
RMFG -> LMeFG - .36 .04

Excitation RMFG -> RSMG + 40 .02
LMeFG - LSTG - .36 .04
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Figure 4. Leave-one-out-cross-validation results.

Note. Only significant effect sizes (p <.05) to predict the ability to down-regulate emotions in response to IPVAW-related
pictures are represented. Green/orange arrows represent a positive/negative association between the ability to down-
regulate emotions in response to IPVAW-related stimuli and effective connectivity in MPG. Red/blue triangles indicate
excitatory/inhibitory connection.

4. Discussion

Here we studied for the first time whether intrinsic neural dynamics supporting
reappraisal are specific to male perpetrators of IPVAW and its association with the ability to
down-regulate emotions in response to IPVAW-related stimuli. Our results showed that both
criminal groups (male perpetrators and other offenders) shared a specific reciprocal
mechanism reflected in increased effective connectivity within prefrontal regions, increased
effective connectivity from prefrontal to temporoparietal regions, but reduced connectivity
in the opposite direction. In addition, male perpetrators presented a different effective
connectivity compared to other offenders. They simultaneously exhibited an increased
connectivity from ventrolateral prefrontal cortex and a decreased connectivity from
dorsolateral prefrontal cortex to the same hub: the temporoparietal regions. They also
showed an enhanced connectivity from SMA to frontal and temporal areas. Finally, cross-
validation analysis revealed that connections from VLPFC to DLPFC and from DLPFC to
temporoparietal areas could be possible predictors of the ability to down-regulate emotions

in response to IPVAW stimuli in male perpetrators. The present study is the first attempt to
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explore whether the neural dynamics at rest are related to manifestations of emotion

regulation difficulties in IPVAW perpetration.

Do male perpetrators exhibit a different effective connectivity within reappraisal-related

brain network compared to non-offenders and other offenders?

Our first main finding revealed a large amount of overlap between male perpetrators
and other offenders when comparing with non-offenders. Both convicted groups showed
increased effective connectivity within prefrontal areas (VLPFC to rDLPFC), increased effective
connectivity from prefrontal (IVLPFC) to temporoparietal regions (TPJ/STG) and reduced
connectivity in the opposite direction compared to men with no criminal records. These
results extend the current knowledge of brain functioning on criminal populations. According
to the neuromoral theory (Raine, 2019), the aforementioned areas are core components of
the moral brain network, and specific structural or functional alterations within this network
would contribute to the generation of moral thoughts, emotions and conducts that underlie
different antisocial or criminal behavior (Raine et al., 2019). From this point of view, the
increased effective connectivity within prefrontal regions aligns with prior resting-state and
task-based fMRI studies on psychopaths and high-risk prisoners (Leutgeb et al., 2016;
Contreras-Rodriguez et al., 2015; Glenn et al., 2009). In this line, the heightened intra-frontal
connectivity at rest might reflect a compensatory mechanism that facilitates the enhanced
activity of prefrontal regions during moral decision making (Korponay et al., 2017; Yang &
Wang, 2012). Furthermore, both convicted groups also showed increased effective
connectivity from prefrontal to parietal regions and reduced connectivity in the opposite
direction. This finding suggests a specific reciprocal mechanism from DLPFC and VLPFC top-
down regulatory cores (Morawetz et al., 2016) to TPJ/STG regions involved in the attribution
of intentions (Vollm et al., 2012) and backward to the prefrontal areas (Tettamanti et al.,
2017). Considering the present results, both convicted groups share specific reappraisal-
related neural dynamics that might be also involved in moral processing. In fact, a large body
of literature has demonstrated that emotion regulation and morality are interdependent
constructs (Zhang et al., 2017) that share common neural bases (Helion & Ochner, 2018;

Harenski & Hamann, 2006).
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The second main finding showed that male perpetrators also exhibited different
effective connectivity compared to other offenders. It should be noted that variability within
the group of other offenders (integrated by men convicted for robbery, drug
trafficking,dangerous driving) could have had some impact at a brain connectivity level, which
may explain why male perpetrators present more differences when comparing to other
offenders than to non-offenders. Yet, a general reversed pattern regarding fronto-
temporoparietal connections needs to be highlighted. We observe that male perpetrators
exhibited decreased connectivity from VLPFC but increased connectivity from rDLPFC to
temporoparietal regions (TPJ/STG). These results are in line with our previous findings, where
we found differences in connectivity and brain activation between male perpetrators and
other offenders in these specific brain regions (Marin-Morales et al., 2021; Amaoui et al.,
2022). Additionally, an exploratory analysis found that the decreased rs-functional
connectivity of the VLPFC was positively correlated to more sexist thoughts toward women

(Amaoui et al., 2022).

Importantly, this contrast revealed an increased effective connectivity from SMA to
prefrontal and temporal regions in male perpetrators. SMA is involved in the creation of
mental representations (Kohn et al., 2014), which makes it a core component for
empathy and moral evaluation (Buhle et al., 2014; Yoder et al., 2015). The increased effective
connectivity between SMA-prefrontal regions could suggest that male perpetrators present a
different intrinsic neural pattern supporting the reformulation and reconceptualization of
mental representations (Silvers & Guassi Moreira, 2019). In line with this view, previous MRI
studies showed that male perpetrators exhibited an over-activation of the SMA when
processing general violence images compared to other criminals (Bueso-lzquierdo et al.,
2016a) and to non-offenders (Lee et al., 2009) which was interpreted as a hyper-response to
threatening situations. Taken together, dysfunctions in neural dynamics underlying social

representations could lead to an altered hyper-response to situations.

Although further research is needed in this field, the present findings are in line with
previous task-based and rs-fMRI studies in male perpetrators (Marin-Morales et al., 20223;
Amaoui et al.,, 2022; Bueso-lzquierdo et al., 2016a), indicating that men convicted for an

IPVAW crime present different neural mechanisms when it comes to emotional processing.
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Does the ability to down-regulate emotions in response to IPVAW-related stimuli is

associated with the intrinsic neural dynamics in male perpetrators?

This is the first study that uses a stimulus-specific related to crime variable in a rs-fMRI
study with male perpetrators. The advantage of considering this behavioral variable lies in the
possibility to examine those neural connections that are particularly related to IPVAW crime.
Although no clear pattern was found, nearly all connections in the network were modulated
by the ability to down-regulate emotions in response to IPVAW-related stimuli, which might
indicate that this ability is strongly linked to the underlying network architecture. Taking a
step further, cross-validation analysis (Friston et al., 2014) revealed which connections might
be potential predictors of the ability to down-regulate emotions in response to IPVAW-related
stimuli. Special attention should be paid to rDLPFC, since we found it to be the most
connected brain region, receiving inputs from IVLPFC and sending outputs to SMA, LSTG and
RSMG. Considering the results, it seems that rDLPFC is a potential hub in the neural network
supporting down-regulation ability related to IPVAW perpetration. According to literature,
DLPFC manages higher-order control functions including monitoring and manipulating
representations in working memory (Morawetz et al., 2016) it is also responsible for top-down

regulation (Kohn et al., 2014) and control inhibition (Ochsner et al., 2012).

Furthermore, all connections recruiting DLPFC (except for DLPFC-SMA projection)
positively predicted the ability to down-regulate the emotional states in response to IPVAW-
related pictures. In other words, the increased connectivity exhibited by male perpetrators,
the worse their ability to down-regulate emotions related to IPVAW stimuli. This finding
supports the hypothesis of an enhanced brain network underlying emotion regulation

difficulties (Repple et al., 2017) that seems specific to IPVAW perpetration.

The present study has some limitations to be acknowledged. First, variability within
the group of other offenders could be a source of variability in brain connectivity. In order to
control this issue, both groups were equally matched in severity of the crime, however, future
studies need to address whether men convicted for IPVAW differ from men sentenced for
violent crimes other than IPVAW. Additionally, taking the presence of drug abuse or brain
damage as exclusion criterion could be a limitation as it reduces the representativeness of the

target group (Marin-Morales et al., 2021). However, we believe this is the best way to study
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those specific factors that make IPVAW different from other types of violence. Our population
of interest are not those men who have committed violence due to head injury or substance
abuse but those who have committed intimate partner violence due to the social factors that
surround this reality (e.g., patriarchal system, sexism...). In addition, male perpetrators might
exhibit high social desirability (Eckhardt et al., 2012), which may have affected self-report
results, explaining the possible lack of differences between the three groups. Finally, relevant
variables such as time spent in prison could not be controlled. These issues would need to be

addressed in future studies.

Conclusions

Our study provides the first evidence for a specific intrinsic neural network supporting
reappraisal in men convicted for an IPVAW crime. The results corroborate that male
perpetrators exhibit a different brain pattern related to reappraisal compared to non-
offenders and to other offenders (Marin-Morales et al., 2021). Our first result showed that
male perpetrators and other offenders shared effective connectivity differences vis-a-vis non-
offenders. The connectivity pattern is characterized by a specific reciprocal mechanism
between prefrontal top-down regulatory core regions and temporoparietal areas involved in
the generation of social representation. In addition, compared to other offenders, male
perpetrators also showed a different neural pattern, highlighting the increased SMA to
prefrontal effective connectivity. Our most important finding is that we were able to propose
possible predictors of the ability to down-regulate emotions in male perpetrators, although
there is still a lot of variability to be explained. Concretely, connections involving the DLPFC,
by integrating inputs from VLPFC and sending outputs to temporoparietal regions, seem to
predict the ability to down-regulate emotions in response to IPVAW stimuli in male
perpetrators, which reinforce the relevance of cognitive processing in emotional regulation
(Golkar et al., 2012). From a biopsychosocial model, the present study provides a deeper
characterization of brain architecture of the emotional processes that underlie IPVAW
perpetration. We want to emphasize the importance of paying attention to difficulties in
emotional regulation as a risk factor in IPVAW perpetration and therefore encourage future
research to explore other regulatory strategies and the multiple large-scale neural

underpinnings (Morawetz et al., 2020). This knowledge promotes the work of adaptive
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emotion regulation strategies in intervention treatment with male perpetrators in order to
reduce the high rates of recidivism as well as its implementation in prevention programs in

order to fight against IPVAW.
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1. Discusion general

Para acercarnos a las posibles causas de la violencia de género que sufren las mujeres
y diferenciarla de otro tipo de violencias, es necesario entender por qué los hombres
maltratadores llevan a cabo esta violencia (Lorente, 2004). Desde las neurociencias se han
hecho importantes avances en la comprensién del papel de los procesos sociales que se
encuentran detras de las relaciones de violencia de género, utilizando, entre otras lineas, el
estudio de los correlatos neurobiolégicos de hombres maltratadores (Marin-Morales et al.,
2021; Verdejo-Romadn et al., 2019; Bueso-lzquierdo et al., 2016a; Lee et al., 2009). Con el fin
de contribuir a esta linea, la presente tesis recoge tres estudios orientados a explorar por
primera vez la conectividad cerebral en reposo - intrinseca - en hombres maltratadores.
Concretamente, se estudio la conectividad de las areas cerebrales asociadas con la toma de
decisiones sociales, la mentalizacién social y la regulacion emocional en hombres condenados
por violencia de género y se comparé con dos grupos controles: un primer grupo de hombres
sin historial criminal y un segundo grupo de hombres condenados por delitos distintos de la
violencia de género. Ademas, se exploré si la conectividad especifica de hombres
maltratadores se asociaba con procesos cognitivos y socioemocionales que se han visto
previamente relacionados con la violencia de género. Nuestros resultados han mostrado que
los hombres condenados por violencia de género presentan una conectividad intrinseca

especifica asociada a procesos de la cognicion social subyacentes a la violencia de género.

El primer estudio tenia por objetivo estudiar la conectividad funcional en estado de
reposo de los 3 sistemas cerebrales que componen la toma de decisiones de acuerdo al
modelo Triddico de Turel y Bechara (2016). Los resultados avalaron parcialmente nuestras
hipdtesis, mostrando que los hombres condenados por violencia de género presentan una
conectividad funcional especifica entre los sistemas prefrontal-reflectivo y los sistemas
amigdala-estriado-impulsivo e insular-interoceptivo. Concretamente, destacamos la
hiperconectividad entre regiones prefrontales y subcorticales (limbicas y estriado), y la
hipoconectividad entre regiones prefrontales y areas motoras, premotoras y parietales.
Ambos resultados sugieren un proceso top-down regulatorio especifico de hombres
maltratadores, previamente hipotetizado (Lee et al.,, 2009). También resaltamos la

hiperconectividad entre la insula posterior y regiones posteriores de la red cerebral por
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defecto (o DMN), consistente con estudios previos que detectaron activacidn en estas areas
ante estimulos de violencia en esta misma poblacién (Bueso-lzquierdo et al., 2016a). De este
modo, nuestros resultados van en la linea de los estudios previos que plantean que los
hombres maltratadores podrian presentar un procesamiento interoceptivo exaltado. Cabe
destacar que los analisis exploratorios demostraron que la conectividad en reposo podria
estar mas relacionada con procesos socioemocionales que con procesos puramente
neuropsicoldgicos. Estos resultados concuerdan con la amplia literatura que relaciona los
mecanismos cerebrales en estado de reposo con componentes de la cognicidon social (Fiske y
Taylor, 2013). En definitiva, este primer estudio mostré que los hombres maltratadores
muestran una conectividad diferente entre los 3 sistemas que subyacen a la toma de

decisiones y subrayd la importancia de analizar los procesos de cardcter social.

Por ello, nuestro segundo estudio tuvo por objetivo estudiar la conectividad funcional
cerebro-cerebelar asociada a la mentalizacion social. Tal y como comentamos en el capitulo
2, este proceso se refiere a la capacidad de entendernos a nosotros/as mismos/as y a los/as
demas en términos de estados mentales, emociones, deseos y objetivos (Luyten y Fonagy,
2015). Para ello, nos basamos en el trabajo realizado durante los ultimos 10 afios por Van
Overwalle, donde muestra que el Crus Il es una regidn clave para el proceso de mentalizacién
social (Van Overwalle et al., 2020a; Leggio y Olivito, 2018; Van Overwalle y Marién, 2016). Los
resultados revelaron que, en comparacion con los dos grupos control, los hombres
maltratadores exhiben una hiperconectividad del Crus Il con el pDMN vy con el
hipocampo/parahipocampo. Estudios previos con poblacidn violenta, sugieren que esta
conectividad podria estar relacionada con un procesamiento emocional y moral alterado
(Leutgeb et al., 2016). Por otro lado, se encontré que a mayor conectividad entre el Crus Il y
el pDMN, mayores pensamientos distorsionados sobre la mujer y menor empatia. Este
estudio reveld la importancia de incluir el cerebelo en la comprensién de las bases neurales
gue sostienen la cognicidn social en la violencia de género y sugirié que la hiperconectividad
cerebro-cerebelar podria estar asociada a una funcién moduladora de la actividad cortical

(Van Overwalle et al., 2020b).

Finalmente, la presente tesis concluye con un tercer estudio cuyo objetivo consistia

en investigar si la conectividad efectiva - interacciones causales- subyacentes a la reevaluacion
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es especifica en hombres condenados por violencia de género y evaluar su relacién con la
habilidad de regular las emociones ante estimulos de violencia de género. Los resultados
revelaron que, en comparacién a hombres sin historial criminal, los hombres maltratadores y
otros delincuentes presentaron un alto solapamiento de conectividad caracterizado por un
mecanismo bidireccional especifico entre regiones prefrontales responsables de la regulacién
y control top-down (Morawetz et al., 2016) y areas temporoparietales (TPJ/STG) claves para
la creacién de representaciones sociales (Vollm et al.,, 2006). Ademas, los hombres
maltratadores mostraron una conectividad efectiva diferente al grupo de otros delincuentes.
Destacamos una mayor conectividad efectiva entre la SMA vy las regiones prefrontales, cuya
coactivacion se habia encontrado previamente en un estudio de procesamiento emocional
(Bueso-lzquierdo et al., 2016a), sugiriendo un patrdn diferente de las regiones que soportan
la formulaciéon y reconceptualizacidon de las representaciones sociales (Silvers y Guassi-
Moreira, 2019). Una de las novedades de nuestro estudio ha sido la propuesta de posibles
predictores de la habilidad de regular las emociones generadas especificamente por
estimulos de violencia de género, siendo el DLPFC un posible hub que recibe inputs del VLPFC
y envia outputs a la SMA y a regiones temporoparietales. Ademads, se mostré que a mayor
conectividad efectiva entre estas regiones, peor habilidad de regular las emociones ante
estimulos de violencia de género. En definitiva, nuestro ultimo estudio mostré que la
conectividad efectiva entre regiones que sustentan la reevaluacién de hombres
maltratadores estd asociada a la habilidad de regulacion de emociones especificas de la

violencia de género.

La presente tesis es la primera aproximacion hacia el estudio de la conectividad
cerebral en estado de reposo de hombres maltratadores. Por ello, partimos de una
interpretacion cautelosa de los resultados y siempre haciendo referencia a una conectividad
diferente o especifica, ya que el funcionamiento cerebral no explica por si mismo la
manifestacion de la violencia de género (Marin-Morales et al., 2021a; Bueso-lzquierdo et al.,
2016a). Sin embargo, estos hallazgos si revelan informacién valiosa sobre los correlatos
neurales de los procesos que subyacen a la violencia de género. Por ello, es importante
entender que esta propuesta de investigacidon es transversal a los modelos explicativos. Bajo

este razonamiento, nuestro propodsito final es ofrecer una mirada diferente pero
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complementaria a lo aportado por otras lineas de trabajo. Teniendo en cuenta lo anterior y

desde esa perspectiva complementaria, discutiremos los siguientes tres resultados generales.

En primer lugar, los hombres condenados por violencia de género presentan una
conectividad intrinseca especifica que sustenta procesos de la cognicion social. Este hallazgo
concuerda con los estudios previos de activacién cerebral en la misma poblacién (Marin-
Morales et al., 2022a; 2021; Bueso-lzquierdo et al., 2016a) y nos sugieren que los hombres
maltratadores presentan un procesamiento de la informacién social (especialmente cuando
estd relacionada con la violencia de género), diferente a otros criminales. La presente linea
de resultados va en consonancia con la hipdtesis de que la violencia de género es un crimen
especificoy, por tanto, requerird de una intervencién y prevencion particular (Expdsito y Ruiz,

2010).

En segundo lugar, los dos primeros estudios de conectividad funcional muestran que
los hombres maltratadores presentan un patrén general caracterizado por mayor
conectividad funcional en comparacidon con los dos grupos controles. Este resultado
concuerda con resultados de estudios de conectividad en reposo en distintas poblaciones
violentas, mayormente de criminales de alto riesgo y psicopatas (Leutgeb et al., 2016;
Contreras-Rodriguez et al., 2015). Esto sugiere un posible mecanismo compensatorio que
facilitaria la participacion de determinadas regiones en tareas de procesamiento social y
moral (Korponay et al., 2017). En este punto, destacamos la funcidn del cerebelo como regién
moduladora de la actividad cortical que enviaria sefiales cuando existe un desajuste entre las
conductas y las predicciones realizadas a las areas implicadas en la mentalizacién social y, que
hemos encontrado hiperconectada en nuestra muestra de maltratadores (Van Overwalle et

al., 2020b).

Estos resultados nos han permitido revelar la existencia de diferencias en conectividad
intrinseca entre los grupos. Sin embargo, la interpretacidén funcional de estas diferencias solo
se puede realizar en relacién a procesos cognitivos, afectivos y sociales. Por ello, nuestra linea
de resultados mds importante tiene que ver con este tercer punto. El primer estudio mostré
gue la conectividad especifica de hombres maltratadores parece estar mas relacionada con
procesos sociales que con procesos puramente cognitivos. El segundo estudio, mostré que la

hiperconectividad cerebro-cerebelar se relaciona con menor empatia y mayores sesgos hacia

112



la mujer. Para finalizar, el tercer estudio mostré que la conectividad efectiva entre regiones
prefrontales y dreas temporoparietales podria predecir la habilidad de regular las emociones

ante estimulos de violencia de género.

En conclusidén, los hallazgos de los tres estudios muestran que los hombres
maltratadores presentan una conectividad cerebral en reposo diferente a hombres
condenados por otros delitos y a hombres sin historial criminal, que se relaciona con procesos

gue sustentan la violencia de género.

1.1. Implicaciones tedricas de la presente tesis

Los 3 resultados generales de la tesis apoyan parcialmente la teoria neuromoral de
Raine (2019). La propuesta de este modelo causal es que la presencia de alteraciones
estructurales o funcionales especificas de la red de la moralidad contribuyen, en cierto nivel,
a la generaciéon de pensamientos, emociones y conductas morales que subyacen a los
comportamientos antisociales o delictivos (Raine et al., 2019). Asi, diferentes poblaciones
antisociales/criminales presentarian diferentes grados de disfuncion en la red moral.
Nuestros resultados revelan diferencias en conectividad funcional en reposo asociada a
procesos sociales y morales especificos de la violencia de género, por lo que no se puede
hablar de una disfuncién en la red ni de una causa de la conducta violenta. Sin embargo, si
podemos rescatar de la teoria neuromoral de Raine (2019) que diferentes poblaciones de
criminales presentan un funcionamiento cerebral distinto y que éste, a su vez, podria estar
asociado a alteraciones cognitivas, emocionales y/o sociales especificas del crimen cometido.
A pesar de ser un modelo neurobiolégico que ofrece mucha informacion, no tiene en cuenta
el factor social que es previo a cualquier “disfuncion” neuromoral subyacente a la conducta
violenta. En otras palabras, no hace referencia al sistema social. Por ello, a continuacién
discutiremos nuestros resultados tomando como referencia el modelo social de la violencia

contra las mujeres de Bosch-Fiol y Ferrer-Pérez (2019).

Recordemos que este modelo propone una estructura piramidal para explicar el
estallido de la violencia contra las mujeres y, en concreto, la que ocurre dentro de la pareja.
Asi, la violencia de género se funda en el sistema patriarcal - escalén 1 -, cuya difusion se da

a través de los mandatos de género tradicionales y de las relaciones sexo-afectivas - escalén
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2 -. Estos modos de vinculacidn justifican los derechos (expectativas de control) - escalén 3 -
gue tienen los hombres sobre las mujeres (sobre sus cuerpos, vidas, sexualidad, economia,
etc.) y que finalmente se materializan ante los eventos desencadenantes - escalén 4 -, que
pueden ser tanto individuales, relacionales o cambios en el propio sistema social (ver capitulo

1).

Bajo esta propuesta, las diferencias en la conectividad intrinseca de hombres
maltratadores estdn asociadas a procesos de la cognicién social especificos de la violencia de
género - escalones 2 y 3 -, tales como los pensamientos distorsionados hacia la mujer o la
habilidad de regular las emociones provocadas por estimulos de violencia de género. Esto
demuestra que no hay alteraciones en los procesos estudiados sino un procesamiento
diferente dependiendo de los estimulos presentados. Es decir, los hombres maltratadores
empatizan y regulan de forma adaptativa sus emociones, pero parece que no lo hacen cuando
se trata de su pareja o expareja. De acuerdo al modelo piramidal, la violencia de género tiene
una base social, que materializa la legitimacion de las desigualdades entre hombres y mujeres
y, mas concretamente, las funciones que debe ocupar cada uno de ellos/as dentro de una
relaciéon romantica. Cuando existe un conflicto porque estas expectativas no se cumplen, los
maltratadores ejercen distintos modos de violencia para restablecer la posicién de poder y no
perder el control (Bosch-Fiol y Ferrer-Pérez, 2019). Por ultimo, en el escalén 4,
encontrariamos los posibles eventos desencadenantes, como el abuso de drogas o la
presencia de TCE (Bueso-lzquierdo et al., 2019b; Walling et al., 2012), que sélo ejercerian una
funcidn facilitadora o desinhibidora de la violencia (Bueso-lzquierdo et al., 2016b). De acuerdo
al modelo, estos factores desencadenantes tienen en comun la funcidon de desatar el miedo

del agresor a perder el control sobre las mujeres y legitimar la violencia ejercida.

En definitiva, los resultados de la tesis avalan parcialmente la teoria neuromoral de
Raine (2019), al identificar la especificidad de los mecanismos cerebrales de los procesos
sociales de los hombres maltratadores en comparaciéon con otros delincuentes, asi como
permiten profundizar en la comprension de los procesos sociales que conforman la pirdmide

del modelo de Bosch-Fiol y Ferrer-Pérez (2019).
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1.2. Implicaciones practicas de la presente tesis

A través del estudio de los correlatos neurobioldgicos, la presente tesis aporta nueva
informacidn sobre los procesos sociales que subyacen a la violencia de género, permitiendo

la consideracion de algunas implicaciones practicas.

En primer lugar, los hallazgos encontrados apoyan la perspectiva de la neurociencia
social como un marco de investigacion necesario para caracterizar a los hombres
maltratadores. Las herramientas neurocientificas aportan objetividad a la evaluacion,
complementando otras medidas como los autoinformes o las evaluaciones cualitativas, que
podrian estar influidas por la deseabilidad social que presenta esta poblacion (Teva et al.,

2022).

En segundo lugar, los resultados muestran que los hombres maltratadores presentan
un funcionamiento cerebral asociado a procesos sociales distinto al de otros delincuentes.
Esta caracterizacidon nos situa ante un crimen especifico que requiere de una intervencion y
prevencidn concretas. Por ello, es importante que en los programas de intervencion se ponga
el foco en el trabajo en la asuncién de responsabilidad, la reevaluacién de las distorsiones
cognitivas sobre los modelos hegemédnicos del género y los mitos del amor, asi como el

trabajo del reconocimiento propio de emociones (Sudrez et al., 2015).

En tercer lugar, retomando la importancia de los nuevos modos de violencia de género
entre jovenes, defendemos un trabajo preventivo que radique en los modelos de vinculos
basados en los sesgos de género asi como en el trabajo de las estrategias de regulacion

emocional.

1.3. Limitaciones generales

Los resultados de la presente tesis deben interpretarse teniendo en cuenta diversas
limitaciones. Dentro de cada estudio hemos presentado las limitaciones especificas de cada

uno de ellos, asi que a continuacién nos focalizaremos en las generales de la tesis:

En primer lugar, es necesario tener en cuenta el tamafo de la muestra. Dado que no
existian estudios previos de RMNf-reposo en maltratadores, el tamafio de la muestra fue

calculado a partir de un estudio previo realizado con una tarea de procesamiento emocional
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gue comparaba a maltratadores con otros delincuentes (Bueso-lzquierdo et al., 2016a).
Aunque nuestros resultados deben ser replicados en muestras mas grandes, éste se trata del
estudio de neuroimagen con mayor muestra analizada, junto al estudio de regulacion

emocional (Marin-Morales et al., 2021).

En segundo lugar, los criterios de inclusiéon establecidos pueden limitar la
representatividad de la muestra estudiada. Entre ellos, se requeria no tener un historial
psicopatoldgico grave o de abuso de sustancias, asi como no haber sufrido un TCE que
provocase mas de una hora de pérdida de conciencia. Somos conscientes que estas variables,
junto al analfabetismo, pueden estar presentes en poblaciones de maltratadores, sin
embargo, consideramos que controlar o excluir estos eventos desencadenantes (salvo el
analfabetismo), es la mejor forma de estudiar aquellos factores especificos que hacen que la
violencia de género sea diferente de otros tipos de violencia. Nuestra poblacién de interés no
son aquellos hombres que han ejercido violencia debido a un dafio cerebral, al abuso de
sustancias o por la presencia de psicopatologias graves, sino aquellos que han ejercido
violencia debido a los factores sociales como el sexismo o las expectativas de control,

enmarcados en el sistema patriarcal.

En tercer lugar, tal y como comentamos anteriormente, los resultados de conectividad
en estado de reposo no pueden tener una interpretacién funcional si no se relacionan con
procesos determinados. Asi, debemos valorar la gran heterogeneidad fenomenolégica de Ia
experiencia subjetiva que tiene cada persona cuando estd siendo evaluada durante el
paradigma de estado de reposo (Hurlburt et al., 2015). Por otro lado, siendo conscientes de
la existencia de un solapamiento entre las regiones analizadas (el primer y tercer estudio),
cada uno de ellos se ha centrado en estudiar una conectividad diferente, funcional en el
primer caso y efectiva en el segundo, lo que nos proporciona informacién distinta y

complementaria (Friston et al., 2016).

En cuarto lugar, varias de nuestras medidas son autoinformadas, cuyas respuestas
podrian estar afectadas por la deseabilidad social en esta poblacién en concreto (Eckhart et
al., 2012). Del mismo modo, las medidas de empatia y regulacion emocional medidas a través
de cuestionarios, no son especificas de la pareja. Sin embargo, son las escalas mas utilizadas

en esta poblacion (Marin-Morales et al., 2022a; Romero-Martinez et al., 2016a; Loinaz et al.,
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2012). Finalmente, debido a problemas técnicos no hemos podido evaluar otros procesos de

interés como la inteligencia abstracta, asi como variables sociodemograficas de gran valor,

como los afios cumplidos y restantes en prisidn. Estas cuestiones deberan considerarse en

futuros estudios.

2. Perspectivas futuras

Considerando los resultados y las implicaciones comentadas de esta tesis, se derivan

los siguientes objetivos cientificos:

Estudiar las redes en estado de reposo, en concreto la red neural por defecto, ya que
existe una extensa literatura que la relaciona estrechamente con la cognicion social,
los procesos interoceptivos y la creacidn de representaciones mentales y la memoria
autobiografica (Dorutey et al., 2017). Esto nos permitiria avanzar en el conocimiento
de las redes cerebrales involucradas en la cognicién social.

Profundizar en el estudio de la actividad cerebral en estado de reposo, utilizando
métodos complementarios como el andlisis de grafos que, a través del examen de la
organizacién tanto local como global de las redes neurales, nos permitiria obtener una
imagen mas completa de la topologia de la arquitectura cerebral en reposo (Lv et al.,
2018).

Explorar las distintas regiones del cerebelo y su conectividad con determinadas areas
encontradas previamente en estudios con maltratadores como son la DMN, dareas
prefrontales y subcorticales. Esto permitiria profundizar en los resultados del segundo
estudio de esta tesis y contribuir a la novedosa linea de investigacién que muestra que
el cerebelo tiene una funcién clave en la agresion (Klaus y Schutter, 2021).

Estudiar los mecanismos cerebrales de otras estrategias regulatorias (Aldao et al.,
2012), ya que la literatura muestra que ademads de la reevaluacion cognitiva, existen
otras estrategias de regulacion emocional asociadas a la expresion de la violencia de
género, como puede ser la supresion expresiva (Marin-Morales et al., 2021).
Comparar la conectividad en reposo de hombres maltratadores con otras poblaciones
violentas, ya que como se ha comentado previamente la violencia es un constructo

muy heterogéneo.
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— Fomentar el estudio de los rasgos psicopaticos en relacidon con la conectividad en
reposo de hombres maltratadores, dada su relevancia encontrada en la literatura

sobre tipologias (Fernandez-Montalvo y Echeburua, 2008).

3. Conclusiones

1. Los hombres condenados por violencia de género presentan una conectividad
intrinseca diferente de las bases neurales de la toma de decisiones sociales,
mentalizacion social y revaluacién, en comparacién a hombres sin historial criminal y

a hombres condenados por otros delitos.

2. La conectividad funcional que sustenta la toma de decisiones de hombres
maltratadores se relaciona mas estrechamente con procesos de la cognicién social

gue con procesos puramente neuropsicoldgicos.

3. La conectividad funcional que sostiene la mentalizacién social de hombres
maltratadores, en concreto la conectividad entre el Crus Il y pDMN, se relaciona con
menor empatia y con mayores sesgos sobre la inferioridad de la mujer y los roles de

género.

4. En comparacién a los hombres sin historial criminal, los dos grupos de delincuentes
(hombres condenados por violencia de género y hombres condenados por otros
delitos) muestran una conectividad efectiva especifica que involucra dreas

prefrontales (VLPFC y DLPFC) y regiones temporoparietales (TPJ/STG).

5. Los hombres maltratadores presentan mayor conectividad efectiva entre la SMA y

regiones prefrontales en comparacién a otros delincuentes.

6. Las conexiones del VLPFC al DLPFC y del DLPFC a regiones temporoparietales podrian
ser posibles predictores de la habilidad de regular las emociones ante situaciones de

violencia de género.

7. El DLPFC podria ser un posible hub en los mecanismos neurales que sustenta la

habilidad de regular las emociones en hombres maltratadores.
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CAPITULO 9.
INTERNATIONAL DOCTORATE

GENERAL DISCUSSION, CONCLUSIONS,
AND FUTURE PERSPECTIVES
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1. Discussion

In order to understand the possible causes of IPVAW and differentiate it from other
types of violence, it is necessary to comprehend why male perpetrators commit this violence
(Lorente et al., 2004). From a neuroscientific perspective, important advances have been
made to understand the role of the social processes behind IPVAW using the study of the
neurobiological correlates of male perpetrators, among different approaches (Marin-Morales
et al., 2021; Verdejo-Roman et al., 2019; Bueso-lzquierdo et al., 2016a; Lee et al., 2009). In
order to contribute to this line, the present thesis compiles three empirical studies that aimed
to examine, for the first time, the resting-state connectivity within brain areas associated to
social decision-making, social mentalizing and emotion regulation in men convicted for
IPVAW crime and compare it to two control groups: a first group comprising men with no
criminal records and a second group of men convicted for crimes other than IPVAW. In
addition, we explored whether the specific connectivity of male perpetrators was associated
with cognitive and socioemotional processes that have previously been found to be related
to IPVAW. In general, our results showed that men convicted for IPVAW crime present a
specific intrinsic connectivity associated with social cognition processes underlying this

violence.

The first study aimed to explore the resting-state functional connectivity of the three
brain systems composing decision-making according to the Triadic model of Turel & Bechara
(2016). The results showed that male perpetrators present a specific functional connectivity
between the reflective brain system and both impulsive and interoceptive brain systems.
Specifically, we highlight the hyperconnectivity between prefrontal and subcortical regions
(limbic and striatum), and the hypoconnectivity between prefrontal regions and
motor/premotor and parietal areas. Both results suggest that male perpetrators present a
specific top-down brain regulatory process (Lee et al., 2009). The study also revealed that
male perpetrators present hyperconnectivity between the insula and posterior regions of the
DMN, which is consistent with previous studies that detected activation of such areas when
viewing violence stimuli (Bueso-lzquierdo et al., 2016a). Notably, exploratory analyses
showed that male perpetrators’ resting-state connectivity might be more associated with

socioemotional processes than to strictly neuropsychological domains. Overall, these first
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findings suggest that male perpetrators present different connectivity within the three
systems involving decision making and highlight the importance of studying social cognition

processes.

For this reason, our second study aimed to explore the functional cerebral-cerebellar
functional connectivity supporting social mentalizing (Van Overwalle et al., 2016). As
discussed in chapter 2, this process refers to the ability to understand ourselves and others in
terms of mental states, goals and emotions (Luyten & Fonagy, 2015). The results revealed
that, compared to both control groups, male perpetrators exhibit hyperconnectivity between
Crus I, pDMN and hippocampus/parahippocampus. Our findings are in accordance with
previous studies conducted on violent populations which suggested that this connectivity
could be related to an altered emotional and moral processing (Leutgeb et al., 2016).
Moreover, we also found that the greater the connectivity between Crus Il and pDMN, the
higher the number of distorted thoughts towards women and the lower the empathy showed.
These findings emphasize the importance of including the analysis of the cerebellum for the
understanding of the neural underpinnings of social cognition in relation IPVAW perpetration.
Finally, this second study suggests that cerebro-cerebellar hyperconnectivity might be

associated with a modulatory function of cortical activity (Van Overwalle et al., 2020b).

The present thesis concludes with a third study which aimed to investigate whether
the effective connectivity - causal interactions - underlying reappraisal was specific to male
perpetrators and to assess its relationship with the ability to down-regulate emotions in
response to IPVAW-related stimuli. The study revealed that compared to men with no
criminal records, both convicted groups (male perpetrators and other offenders) exhibited
increased effective connectivity from prefrontal regions (VLPFC and DLPFC) to
temporoparietal regions (STG/TPJ). In addition, male perpetrators also presented a different
effective connectivity compared to other offenders. It should be noted the increased
connectivity between the SMA and prefrontal regions, suggesting a different intrinsic pattern
supporting the formulation and reconceptualization of social representations (Silver & Guassi-
Moreira, 2019). One of the most important novelties of this study has been the proposal of
possible predictors of the ability to down-regulate emotions generated specifically by IPVAW

stimuli, being the DLPFC a possible hub that receives inputs from the VLPFC and sends outputs
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to the SMA and temporoparietal regions. Furthermore, we found that the increased effective
connectivity between these regions, the worse the ability to down-regulate emotions in
response to IPVAW stimuli. In summary, our last study showed that male perpetrators exhibit
a specific effective connectivity within reappraisal brain network that seems to be associated

with the ability to regulate emotions.

The present thesis is the first attempt to study the resting-state connectivity in male
perpetrators. Therefore, we assume a cautious interpretation of the results, always referring
to a different or specific brain connectivity, since brain functioning does not explain by itself
the manifestation of IPVAW (Marin-Morales et al.,, 2021; Bueso-lzquierdo et al., 2016a).
However, these findings do reveal valuable information about the neural correlates of the
processes underlying IPVAW. For this reason, it is important to understand that this research
is transversal to other explanatory models. Under this reasoning, our final objective is to offer

a different but complementary view to the contributions made by other research lines.

Considering the above, the main findings of this thesis partially support the
neuromoral theory (Raine, 2019). This causal model proposes that the presence of specific
structural or functional alterations within the moral brain network contribute, at some level,
to the generation of moral thoughts, emotions and behaviors that underlie antisocial and
criminal behaviors (Raine, 2019). Thus, different antisocial/criminal populations would exhibit
different degrees of dysfunctions within the moral network. Our results reveal differences in
resting-state connectivity associated with social processes that seem to be specific to IPVAW.
Therefore, we cannot refer to a dysfunction of the network nor a causal explanation of the
violent behavior. However, our results align with the idea that different criminal populations
present different brain dynamics that, in turn, could be associated with cognitive, emotional
and social alterations that are specific to the committed crime. Although this model
encompasses a neurobiological theory that offers much information, it does not account for
the social factor that precedes any neuromoral “dysfunction”, in other words, it does not refer
to the social system. Therefore, we will now discuss our results by referring to the social

model of violence against women by Bosch-Fiol and Ferrer-Pérez (2019).

This model proposes a pyramidal structure to explain the expression of violence

against women and specifically the one that occurs within an intimate couple. According to
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the model, IPVAW is based on the patriarchal system -step 1- which spreads through
traditional gender norms - step 2 -. These norms justify the rights (control expectations) - step
3- that men have over women (over their bodies, lives, sexuality, economy, etc) and this is
finally manifested in the triggering events - step 4 - which can be individual, relational or even

changes at a social level (Bosch-Fiol & Ferrer-Perez, 2019).

Following this model, the differences in the intrinsic connectivity of male perpetrators are
associated with processes of social cognition that are specific to IPVAW - steps 2 and 3 - such
as the distorted thoughts towards women or the ability to down-regulate emotions in
response to IPVAW stimuli. These findings show that there are no alterations in the processes
but rather different processing depending on the presented stimuli. According to the
pyramidal model, IPVAW has a social foundation, which legitimates the inequalities between
men and women, and more specifically, the roles that each of them must play within a
romantic relationship. When a conflict arises because these social expectations are not
fulfilled, male perpetrators exert violence to reestablish their position of power and to gain
control (Bosch-Fiol & Ferrer-Pérez, 2019). Finally, in the fourth step of the pyramid we would
find possible triggering events such as drug abuse or the presence a TBI (Bueso-lzquierdo et
al., 2019b; Walling et al., 2015), that would only play a facilitating or disinhibiting function of
violence (Bueso-lzquierdo et al., 2016b). According to the model, these events precipitate the
aggressor’s fear to lose control over their female partner/ ex-partner and legitimize the

violence.

2. Future perspectives

The results obtained in this thesis allow us to generate new research possibilities that could

be tested in future studies:

— To study the resting-state networks, specifically the default mode network, given the

extensive literature that relates this network to social cognition.

- To deepen the study of resting-state brain connectivity by using complementary
methods such as graph analysis. This method examines both local and global
organization of neural networks, that would allow us to obtain a more complete

picture of the topology of brain architecture at rest (Lv et al., 2018).
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To explore the different regions of the cerebellum and their connectivity with specific
areas previously studied in male perpetrators, such as the DMN, prefrontal and
subcortical areas. This would allow us to deepen in the results of our second study and
to contribute to the research line by showing that the cerebellum has a key role in

aggression (Klaus and Schutter, 2021).

To study the brain mechanisms underlying other emotion regulation strategies (Aldao
et al., 2012), since the literature shows that besides reappraisal, there are other
strategies associated with the expression of IPVAW, such as expressive suppression

(Marin-Morales et al., 2021).

To compare the resting-state connectivity of male perpetrators with other violent
populations, since, as previously mentioned, violence is a very heterogeneous

construct.

To encourage the study of psychopathic traits in relation to resting-state connectivity
in male perpetrators, being aware of their relevance in the findings reported about

aggressors’ typologies (Fernandez-Montalvo & Echeburuda, 2008).
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3. Conclusions

1.

Men convicted for an IPVAW crime present a specific intrinsic connectivity within the
neural bases of social decision making, social mentalization and emotional regulation,
that is different from men with no criminal records and men convicted of other
crimes.

Functional connectivity underlying social decision-making in male perpetrators is
more associated to processes of social cognition than to strictly neuropsychological
domains.

Functional connectivity supporting social mentalizing in male perpetrators, specifically
the hyperconnectivity between Crus Il and pDMN, is found to relate to lower empathy
and greater thoughts about women inferiority and gender roles.

Compared to men with no criminal history, both convicted groups (male pereptrators
and other offenders) share a specific effective connectivity that is reflected in a
specific reciprocal mechanism from prefrontal areas (VLPFC and DLPFC) to
temporoparietal regions (TPJ/STG) and returns to prefrontal regions.

Male perpetrators show increased effective connectivity between the SMA and
prefrontal regions compared to other offenders.

Connections from the VLPFC to the DLPFC and from the DLPFC to temporoparietal
regions could be possible predictors of the ability to regulate emotions in response to
IPVAW stimuli.

The DLPFC could be a possible hub in the neural mechanisms underlying the ability to

regulate emotions in male perpetrators.
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ANEXO 1.
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Amaoui, S., Martin-Pérez, C., Marin-Morales, A., Bueso-lzquierdo, N., Garcia-Leén, M. A.,
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Supplemental File 1. Executive functions and socioemotional assessment

Emotional and social assessment

The Inventory of Distorted Thoughts about Women and Violence (Echeburida & Fernandez-
Montalvo, 1997) was employed to measure irrational thoughts. This checklist consists of 29
binary items divided in two subscales: 13 items related to sexual roles and inferiority of
women (IPDM), and 16 items about the use of violence as an acceptable method of conflict
resolution (IPDV). Each affirmative response scores 1, therefore the higher the score, the

greater the number of distorted thoughts within each subscale.

Empathy was measured using the Spanish version of the Interpersonal Reactivity Index (Pérez-
Albéniz et al., 2003). The IRI consists of 28 items and 4 subscales (perspective taking, fantasy,
empathic concern and personal distress) and uses a 5-point Likert scale ranging from 1 (does

not describe me well) to 5 (describes me well).

For the evaluation of emotion recognition, we selected the Spanish translation of the revised
version of the Eyes Test (Fernandez-Abascal et al., 2013). It consists of 36 photographs of eyes
and in each item participants are instructed to choose among four descriptors based on what
they think the person in the photography is feeling. Each item is scored as correct or incorrect.

Consequently, the higher the score, the greater is the ability to recognize emotions.

In order to evaluate emotion regulation, we used two different scales:

The Difficulties in Emotional Regulation Scale (DERS) in it Spanish version (Hervds & Jodar,
2008). This checklist evaluates different aspects of the emotional regulation through 28 items
which are answered on a 5- point Likert Scale ranging from 1 “almost never” to 5 “almost
always”. Five subscales are assessed: lack of awareness, lack of emotional clarity, non-
acceptance of emotional responses, difficulties in goal directed behavior and emotional
dyscontrol. Consequently, the higher the score, the greater are the difficulties in emotional

regulation.
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The Spanish version of the Emotional Regulation Questionnaire (Cabello et al., 2013). It is a
10-item scale designed to measure the capacity to regulate emotions through two processes:
cognitive reappraisal (6 items) and expressive suppression (4 items). Participants answer on

a 7-point Likert scale ranging from 1 “strongly disagree” to 7 “strongly agree”.

For our subsequent correlational analyses, we used the total score of each of the
guestionnaires explained above except for the emotional regulation questionnaire (ERQ),
where cognitive reappraisal and expressive suppression were considered as two different

dependent variables.

Executive functions assessment

Four components of executive functioning were measured based in a previous study [6].
These four components were selected based on prior literature, where differences in male

perpetrator were found (Bueso-lzquierdo et al., 2016b).

Updating process: the letter-number sequencing was used. Participants were asked to repeat
a combination of an increasingly longer list of numbers and letters by organizing the numbers
in ascending order and the letters in alphabetical order. The total number of correct answers

was used as an index of updating ability.

Response inhibition: a go/no go task was employed using a tablet-based task of 100 trials
divided into 4 blocks. In the first 50 trials (1° and 2° blocks), participants were asked to press
a key as quickly as possible when the GO stimulus was presented (a black figure of a bear) and
to inhibit the response for the NO-GO trials (a black figure of a dolphin). Then, participants
hear a bell and have to change their response from the GO to the NO-GO stimulus for the next
50 trials (3° and 4° blocks). Thus, participants were asked to press the key when the NO-GO
stimulus appeared and to inhibit the answer for the GO trials. The interstimulus interval (ISI)
was established in 1.000ms, and each stimulus was presented for 500ms. The score resulting
from the subtraction of the 3° block and the 2° block was used as an indirect measure of

response inhibition.
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Decision making: a computerized version of the lowa Gambling Task (Bechara et al., 2005)
was used. This task involved four decks of cards (A, B, C and D). Participants were told to
choose one card at a time from one of the 4 decks and after each choice, they received an
economic reward and in some cases they also received an economic punishment. A and B
decks were disadvantageous because even if they produced higher immediate gains they also
resulted in higher punishment points. C and D decks were advantageous, because they
resulted in modest rewards but lower punishment. In the long run, choosing from the
advantageous decks would yield more money and less punishment. The variable was first
calculated by subtracting the number of disadvantageous choices from the advantageous
choices for each block (5 blocks of 20 trials). Then, a sum of all blocks' results was computed

and used as an indirect decision- making proxy.

Cognitive flexibility: due to technical problems, instead of using the Trail Making Test as in the
previous study (Bueso-lzquierdo et al., 2016b) with male perpetrators, we selected the arrow-
version of the Spatial Stroop task (Luo et al., 2013). Participants were asked to respond to the
left/right direction of an arrow regardless of its left/right position on a tablet screen. On
congruent trials, the direction in which the arrow pointed was consistent with its location
(right pointing arrow located in the right side, or left pointing arrow located in the left side).
On incongruent trials, the arrow’s direction was opposite to its location (right pointing arrow
located in the left side or left pointing arrow located in the right side). The attentional cost
variable was taken as an indirect measure of cognitive flexibility. It was calculated by
subtracting the reaction time of the change-trials (when a trial is preceded by a different trial)

from the first-repetition-trials (when a trial is preceded by the same trial).

Impulsivity: for this purpose, we selected the Spanish short version of the Impulsive Behavior
Scale (Candido et al., 2012). It consists of 20 items that measure 5 impulsivity traits: negative,
urgency, lack of premeditation, lack of perseverance, sensation of seeking and positive
urgency. The items are scored on a 4-point Likert Scale ranging from 1 “strongly agree” to 4
“strongly disagree”. The higher the score, the higher the impulsivity. We used the total score

of the scale as a measure of impulsivity trait for the correlational analysis.
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Supplemental File 2. Seed Selection and Generation

The selection of the seeds was built on the Triadic Reflective-Impulsive-Interoceptive
Awareness Model of Turel & Bechara (2016). This neurocognitive model was created to study
the basis of problematic behaviors. It is based on the premise that there are three
differentiated but dependent systems that play a crucial role in decision-making: The
Impulsive amygdala-striatal brain system which mediates the generation of impulses to act
headfirst in order to obtain incentive rewards and it is also important to form habituated and
automatic behaviors (Yin & Knowlton, 2006b). Second, the Reflective prefrontal brain system,
which is thought to be involved in executive functions such as working toward a defined goal,
uses conscious reflections, manages predictions and expectation of outcomes and is involved
in social control (Siddiqui et al., 2008). Finally, the Interoceptive-awareness insular brain
system is implicated in perceiving, processing and representing afferent internal bodily signals
Critchley et al., 2017), essential for a functional social behavior. As a result, in this first step,
we selected 4 main areas from which final seeds would be generated: amygdala, prefrontal

area and striatum and insula.

Within the impulsive system, amygdala was divided into: centromedial amygdala (rCMA and
ICMA) and basolateral amygdala (rBLA and IBLA) regions according to its cytoarchitectonic
characteristics (Baur et al., 2013). We chose from the striatum, the ventral striatum (VS). Both
rVS and IVS masks involved the lateralized ventral caudate (VSi) and nucleus accumbens (VSs),
directly related to the rewarding process. Local maxima coordinates were obtained from the
article Functional Connectivity of Human Striatum: A Resting State fMRI Study (Martino et al.,
2008). The amygdala-striatal seeds were located using a 3.5-mm-radius spheres. Within the
reflective system, the prefrontal cortex was divided into: medial prefrontal cortex (MPFC),
bilateral dorsolateral prefrontal cortex (rDLPFC and IDLPFC) and bilateral ventrolateral
prefrontal cortex (rVLPFC and IVLPFC) (MacDonald et al., 2000; Ridderinkhof et al., 2004). The
mean activity of each prefrontal seed was extracted from a 6-mm-radius sphere. Finally,
within the interoceptive-awareness system, the insula was divided in left and right anterior
(Al) and posterior insula (Pl), based on the assumption thateach one belongs to dissociable

resting-state networks (Cauda et al., 2011). Insula’ seeds were located using a 2-mm- radius
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spheres. In total, 15 seed were generated in MNI stereotaxic space using the MarsBar toolbox

for SPM12 (http://marsbar.sourceforge.net).

Supplemental File 3. Selected seeds and minimum cluster size for correction.

SEEDS FWHM (mm) Minimum cluster size
Impulsive system
rBLA 8.6 87
IBLA 8.6 91
rCMA 8.7 97
ICMA 8.8 94
rvs 8.7 92
IVS 8.7 96
Reflective system
MPFC 9 99
rDLPFC 8.96 97
IDLPFC 9 99
rVLPFC 8.9 93
IVLPFC 9.03 98
Interoceptive system
rAl 8.7 94
IAl 8.9 92
rPI 8.7 99
IPI 8.9 93

FWHM = Full width at half maximum. Minimum cluster size were estimated for multiple
comparisons by Monte Carlo simulations using AlphaSim within RESTplus toolbox. rBLA = right
basolateral amygdala; IBLA = left basolateral amygdala; rCMA = right centromedial amygdala;
ICMA = left centromedial amygdala; rVS = right ventral striatum; IVS = left ventral; striatum;
MPFC = medial prefrontal cortex; rDLPFC = right dorsolateral prefrontal cortex; IDLPFC = left
dorsolateral prefrontal cortex; rVLPFC = right ventrolateral prefrontal cortex; IVLPFC = left
ventrolateral prefrontal cortex; rAl = right anterior insula; 1Al = left anterio insula; rPI = right
posterior insula; IPI = left posterior insula.
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Supplemental File 4. Exploratory correlations without correction for multiple comparisons.

Exploratory partial Pearson correlations were conducted to explore the associations between

specific male perpetrators rsFC and executive functions and socioemotional processes. To this

end, the mean value of each seed found significantly different in MPG in comparison to NOG

and OOG were correlated with the selected behavioral measures

Executive functions. In MPG, the rsFC between left posterior insula and posterior
default mode network (pDMN), prefrontal and cerebellum areas correlated negatively
with the go/nogo task (r = -.427, p = .042). No other significant correlation was found
between the executive function measures and resting-state functional connectivity.

Socioemotional processes. In MPG, the rsFC between IVLPFC seed and brainstem,
hippocampus and middle temporal area correlated negatively with irrational thoughts
related to sexual roles and inferiority of women (r = -516, p =.010). The rsFC between
rPl seed, fusiform gyrus and Heschl gyrus correlated negatively with empathy (r = -
499, p = .013), cognitive reappraisal (r = -.447, p = .037) and difficulties in emotion
regulation (r = -.565, p =.014). Also, the rsFC between rPl seed and bilateral putamen
correlated negatively with empathy (r = -.408, p = .048). Finally, rsFC between right
rCMA seed and intraparietal area, occipital and fusiform gyrus correlated negatively

with difficulties in emotion regulation (r = -.483, p =.042).

* Even though these results appear to be contradictory, it might be explained by the model

upon which each scale is based. Concretely, DERS scale (Gratz y Roemer, 2004) is based on a

clinical-contextual model of emotional regulation and therefore focuses on presumed trait-

level abilities. By contrast, ERQ questionnaire (Gross & John, 2003) was created from an

affective science-based framework and attended to processes related to emotional regulation

(Hallion et al., 2018).
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Supplemental Figure 1. Significant Pearson partial correlation between seeds’ functional

connectivity and executive functions and socioemotional processes in MPG
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Supplemental File 5. Performance of MPG, OOG and NOG in executive functions, and

socioemotional measures

VARIABLES MPG 00G NOG
Executive functions N N N
Lns 25 7.24 (3.09) 29 7.45 (3.29) 29 9.10( 2.67)
IGT 26 -1.31(17.49) 29 -3.31(20.66) 29 8.62(22.79)
Gonogo RT 25 -7.64 (32.44) 28 -14.20 (38.86) 29 -12.72(27.97)
Atentional cost 26  -78.14 (66.06) 29 -93.89 (51.17) 28 -111.12 (54.84)

Socioemotional variables

Empathy (IRI) 26 73.85(11.48) 24 83.46 (9.89) 27 82.89 (11.15)
Normalized cognitive reappraisal

(ERQ) 24 997.46 (406.00) 28  923.68(411.64) 29  914.79 (427.31)
Expressive suppression (ERQ) 24 18.25 (6.71) 28 16.00 (6.45) 29 15.28 (5.09)

Difficulties in emotion regulation
20  78.35(23.98) 24 66.21 (21.57) 25 69.32 (18.00)

(DERS)

Normalized IPDV 26 1.21 (0.60) 29 1.39(0.59) 29 0.88 (0.52)
Normalized IPDM 26 1.37(0.72) 29 1.56 (0.68) 29 1.19 (0.60)
Eyes Test 16 17.02 (4.66) 15 19.40 (4.35) 17 20.71 (4.31)
UPPS 20 42.75 (8.932) 23 45.00(9.977) 25 44.32 (7.609)

All values are mean (+ SD). MPG = male perpetrators group, OOG = other offenders group;
NOG = non-offenders group. N = sample size.

Lns = letters and numbers correct answers (updating process); answers; IGT = lowa Gambling
Task (decision-making process); Gonogo RT = Gonogo reaction time (response inhibition)
measured in miliseconds; IRl = Interpersonal Reactivity Index (Empathy); Cognitive reappraisal
of the Emotional Regulation Questionnaire (ERQ); Expressive suppression of the Emotional
Regulation Questionnaire (ERQ); DERS = Difficulties in Emotion Regulation Scale; IPDV =
Inventory of distorted Thoughts about the Use of Violence; IPDM = Inventory of distorted
Thoughts about Women; Eyes test (emotion recognition); UPPS = Impulsive Behavior Scale
(impulsivity).
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ANEXO 2.

MATERIAL SUPLEMENTARIO DEL ESTUDIO 2:

Amaoui, S., Marin-Morales, A., Martin-Pérez, C., Pérez-Garcia, M., & Verdejo-Roman, J.
(2022). Social mentalizing in male perpetrators of intimate partner violence against women
is associated with resting-state functional connectivity of the Crus Il. Journal of psychiatric

research, 150, 264-271.
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Supplementary File 1

Table S1. Significant differences between other offenders (O0OG) and non-offenders (NOG)
in functional connectivity.

Seed Brain Region X y z ke Peak t Value
OO0G>NOG
L posterior Crus Il Superior temporal a4 36 5 106 4.05
gyrus
Temporal pole -50 10 -26 102 454
NOG>00G
L posterior Crus Il Inferior frontal gyrus -42 12 26 168 4.56
R posterior Crus Il Somatosensory area 58 -4 14 302 4.33
Sensorimotor area -48  -10 40 157 4.45
Primary motor area 22 -26 74 122 4.14

Note. Coordinates (x, y, z) are given in Montreal Neurological Institute atlas space (MNI). ke = cluster size in
voxels.
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Supplemental Figure S1.

Spearman partial correlations between resting-state functional connectivity and

mentalizing processes in other offenders and non-offenders group.
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ANEXO 3.

MATERIAL SUPLEMENTARIO DEL ESTUDIO 3:

Amaoui, S., Marin-Morales, A., Martin-Pérez, C., Pérez-Garcia, M., Verdejo-Rman, J., &
Morawetz, C. (2022). Intrinsic neural dynamics underlying the ability to down-regulate
emotions in male perpetrators of intimate partner violence against women

(en preparacién).
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Supplemental Figure S1. Posterior correlations among all parameters
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Supplemental Figure S2. First level DCM model convergence statistics. A. Predicted variance

explained for each participant. B. the largest absolute parameter estimate. C. The effective

number of parameters in terms of divergence between the posterior and prior densities over

the parameters.
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Supplemental Figure S3. Chord diagrams for group comparisons. A. Differences in effective
connectivity between MPG and NOG. B. Differences in effective connectivity between MPG
and OOG. Green: more connectivity in MPG in comparison to NOG and OOG. Orange: less
connectivity in MPG in comparison to NOG and OOG. Red triangle represents inhibitory

connectivity and the blue triangle represents excitatory connectivity.
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