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Abstract
Aim  Many authors have suggested that intimate partner violence (IPV) perpetrators present an imbalance between both 
branches of the autonomous nervous system when coping with acute stress. Concretely, there is a predominance of the 
sympathetic branches over the parasympathetic ones when recovering from stress. This imbalance can be explained by their 
tendency toward anger rumination, and more concretely, by their focus on thoughts of revenge during this period. Unfor-
tunately, there is a gap in the scientific literature in terms of using magnetic resonance imaging (MRI) techniques to assess 
which brain structures would explain this tendency of IPV perpetrators when coping with acute stress.
Method  The main objective of this study was to assess whether the gray matter volume (GMV) of relevant brain structures, 
signaled in previous scientific literature, moderates the association between thoughts of revenge and sympathetic activation 
during the recovery period, based on skin conductance levels (SCL) after being exposed to stress, in a group of IPV perpe-
trators (n = 58) and non-violent men (n = 61).
Results  This study highlighted that the GMV of the left nucleus accumbens, right lobules of the cerebellum, and inferior 
temporal gyrus in IPV perpetrators moderated the association between thoughts of revenge and SCL during the recovery 
period. Accordingly, the higher the thoughts of revenge, the higher the sympathetic predominance (or higher SCL levels), 
especially among IPV perpetrators with the lowest GMV of these brain structures. Nonetheless, those variables were unre-
lated in the control group.
Conclusions  Our study highlights the involvement of certain brain structures and how they explain the tendency of some 
IPV perpetrators to ruminate anger or, more precisely, to focus on thoughts of revenge when they recover from acute stress. 
These results reinforce the need to incorporate neuroimaging techniques during screening processes to properly understand 
how IPV perpetrators deal with stress, which in turn helps target their needs and design concrete intervention modules.

Keywords  Brain volume · Intimate partner violence perpetrators · Neuroimaging · Skin conductance levels · Thoughts of 
revenge

Introduction

The application of psychophysiological and neuroimaging 
techniques in the forensic setting deepens our knowledge of 
the underlying foundations of violence perpetration (Glenn 
and Raine 2014; Lamsma et al. 2017). Intimate partner 
violence (IPV) represents a global health problem which 
has experienced a considerable increase, both during the 
COVID-19 pandemic lockdown (Ebert and Steinert 2021; 
World Health Organization 2020) and even after lockdown, 
with the number of women experiencing some form of 
violence perpetrated by their male partner still being high 
across the world (Sardinha et al. 2022). For these reasons, 

 *	 Ángel Romero‑Martínez 
	 Angel.Romero@uv.es

1	 Department of Psychobiology, University of Valencia, 
Avenida Blasco Ibañez, 21, 46010 Valencia, Spain

2	 Department of Social Psychology, University of Valencia, 
Valencia, Spain

3	 Biomedical Imaging Research Group (GIBI230), La Fe 
Health Research Institute, Valencia, Spain

http://crossmark.crossref.org/dialog/?doi=10.1007/s00429-024-02772-w&domain=pdf


798	 Brain Structure and Function (2024) 229:797–808

many scholars have dedicated important efforts to disentan-
gling factors that may lead specific men to IPV perpetration 
given that the deeper the knowledge regarding these vari-
ables, the better the abilities of scholars and therapists to 
prevent it.

In recent years, psychophysiological studies assessing 
IPV perpetrators’ response to acute laboratory stressors 
concluded that those men tend to be characterized by a 
marked imbalance between both branches of the autonomous 
nervous system (i.e., the sympathetic and parasympathetic 
nervous systems) when coping with different types of acute 
stressors (Pinto et al. 2010; Romero-Martínez et al. 2022). 
In fact, in humans, both branches of the autonomic nerv-
ous system tend to maintain a dynamic balance through a 
dual innervation of most organs. This helps individuals to 
adequately cope with a challenging context by employing 
or optimizing the body energy requirements (Porges 2011; 
Thayer et al. 2010; Wulsin et al. 2018). While the sympa-
thetic nervous system (SNS) tends to activate the organism 
to effectively cope with acute stress by mobilizing energy, 
the parasympathetic nervous system (PNS) tends to return 
the body to the normal or initial state after stress, promot-
ing restorative functions (recovery) (Critchley 2002; Porges 
2011; Thayer et al. 2010; Wulsin et al. 2018). In IPV perpe-
trators, especially in those characterized by high impulsivity 
and emotionally driven violence, this imbalance or antago-
nistic association between both branches was especially evi-
dent during the recovery period or after acute stress. That is, 
during the restorative or recovery process of the organism. 
It seemed that instead of a predominance of PNS over SNS 
during recovery, these men showed higher or excessive SNS 
activation, measured with cardiorespiratory and electroder-
mal indicators, and lower PNS activation during this period 
when compared to non-violent men (Romero-Martínez et al. 
2013, 2014, 2022; Sarrate-Costa et al. 2022; Vitoria-Estruch 
et al. 2018).

The predominance of SNS after ending laboratory stress 
tasks, which was indicated by high skin conductance (SCL) 
and reduced respiratory sinus arrythmia levels, might be 
indicative of the tendency of those men to reexperience and 
perseverate with angry thoughts focused on a concrete topic 
(i.e., negative events), more specifically, after the trigger-
ing stimuli disappears, which is known as anger rumination 
(Martin and Tesser 1996; Ray et al. 2008; Sarrate-Costa 
et al. 2022). This entails increases in SCL activation (or 
SNS predominance) during tasks in which subjects rumi-
nate angry thoughts (Whinery et al. 2022). In this sense, 
the higher the anger rumination, including recurrent revenge 
thoughts, the higher the proneness to maintain and/or 
amplify the angry affect (Martin and Tesser 1996; Ray et al. 
2008). This predominance of negative affect interferes with 
attention processing. Concretely, it can lead individuals to 
pay more attention to a stimulus that matches this emotional 

state and the source of provocation (Birkley and Eckhardt 
2015; Yiend 2010). This, together with certain emotional 
instability and hostile cognitive attributions, facilitates 
violence intake under uncomfortable or uncertain circum-
stances (Alia-Klein et al. 2020). In this regard, the regulation 
of autonomic balance comprises different brain cortical and 
subcortical networks, with some of these brain areas over-
lapping to keep the balance between both branches (Beissner 
et al. 2013). Therefore, studying how the central nervous 
system (CNS) correlates with anger rumination beyond the 
analysis of the autonomic nervous system might help clarify 
our understanding surrounding this phenomenon.

Anger rumination processes, including revenge feelings, 
recruit different brain structures across the entire brain pro-
cesses that underlie self-regulation, thought suppression, 
social cognition, arousal regulation, among others (Denson 
2013). Some empirical research has highlighted that gray 
matter volume (GMV) alterations of the left middle frontal 
gyrus (left-MedFG) entails high scores in self-reports meas-
uring anger rumination, and specifically reported a positive 
association between both (Wang et al. 2018). However, it is 
also necessary to contemplate other frontal structures, con-
cretely the prefrontal cortex (PFC), and the role of the left 
orbitofrontal cortex (OFC) in inhibitory control, including 
inhibiting persistence of angry thoughts and revenge feelings 
(Romero-Martínez et al. 2019). Not only did these struc-
tures seem relevant for regulating anger rumination and/or 
processing anger emotions, so did the bilateral cerebellum, 
right lingual, angular and temporal gyrus (superior, middle, 
and inferior) (Alia-Klein et al. 2020; Klaus and Schutter 
2021; Romero-Martínez et al. 2019), amygdala bilaterally 
(Nikolic et al. 2022; Romero-Martínez et al. 2019) and the 
left intracalcarine cortex (Jehna et al. 2011). Lastly, it is 
also necessary to keep in mind that feelings of revenge may 
bring a sense of satisfaction, depending on the outcome 
of such thoughts and the resulting consequences. In some 
cases, revenge feelings can sometimes lead to reinforcement, 
which tends to be associated with the differential activa-
tion and/or topography of structures such as the PFC and 
nucleus accumbens (bilateral). This helps maintain a nega-
tive association between both structures to regulate behavior 
(Chester and DeWall 2016). Thus, combining SNS meas-
urements with the morphology of the previously mentioned 
brain structures could help develop a more comprehensive 
model for better understanding the tendency toward feelings 
of revenge (as part of an angry rumination processes) in 
IPV perpetrators after stress (or during the recovery period). 
Nonetheless, there is a gap in the scientific literature ana-
lyzing whether these brain structures would explain anger 
rumination, concretely, revenge feelings after coping with 
acute stress in IPV perpetrators.

Bearing all this in mind, the main objective of this study 
was to assess whether the structural or morphological 
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analysis of the above-mentioned brain structures might mod-
erate the association between revenge feelings, as a form of 
anger rumination, and sympathetic predominance, measured 
with the SCL, during the recovery period after acute stress 
exposure in a group of IPV perpetrators and another group 
of non-violent men. In accordance with previous empirical 
literature (Alia-Klein et al. 2020; Martin and Tesser 1996; 
Ray et al. 2008; Romero-Martínez et al. 2013, 2014, 2022, 
Sarrate-Costa et al. 2022; Vitoria-Estruch et al. 2018), we 
initially hypothesized that the higher the anger rumination, 
concretely, the tendency to experience revenge feelings, the 
higher the sympathetic predominance, higher SCL, dur-
ing the recovery period in IPV perpetrators dealing with 
an acute laboratory stressor in a novel study with new data. 
Moreover, as stated above (Alia-Klein et al. 2020; Chester 
and DeWall 2016; Klaus and Schutter 2021; Nikolic et al. 
2022; Romero-Martínez et al. 2019), the tendency to rumi-
nate anger was associated with higher GMV in the left-MFG 
and OFC, but diminished GMV in the right lobules of the 
cerebellum, angular (AG), lingual (LG) and superior (STG) 
middle (MTG), and inferior temporal gyrus (ITG) amyg-
dala bilaterally, left intracalcarine cortex (ICC) and nucleus 
accumbens. Therefore, we expected that the variations in 
GMV of these brain structures would moderate the associa-
tion between anger rumination or revenge feelings and SCL 
during the recovery period in IPV perpetrators. Calculating 
these models would allow us to deepen our knowledge and 
comprehension of the underlying factors of IPV recidivism, 
while also targeting the future therapeutic focus of IPV 
interventions.

Method

Participants

From an initial sample of 125 participants, who were 
informed about the characteristics of the study and who vol-
untarily agreed to participate after written informed consent, 
six were removed from the statistical analysis. Concretely, 
three abandoned the study before completing it and the other 
three were removed due to failures during the fMRI acquisi-
tion (e.g., a considerable number of artifacts during acquisi-
tion…). Therefore, the final sample was composed of 58 IPV 
perpetrators and 61 controls.

All those male IPV perpetrators were recruited from the 
CONTEXTO Program. This is an intervention program, spe-
cifically a community-based psychoeducational intervention, 
which is mandatory for men convicted of gender-based vio-
lence (see Lila et al. 2018 for further details). Nonetheless, 
not all men convicted of gender-based violence receive this 
intervention program. In fact, only men with a gender-based 
violence sentence equal to or less than two years receive 

a sentence reduction on the condition that they attend this 
intervention program. This sentence includes causing inju-
ries, mistreatment, threats with or without weapons or other 
dangerous instruments, coercion (physical, psychological, 
or sexual), insults, or minor unfair humiliation. In addition, 
another condition for the sentence reduction was for IPV 
perpetrators to have no previous criminal records, includ-
ing IPV. It should be kept in mind that IPV perpetrators 
included in our study were classified as impulsive given that 
they committed IPV in reaction to marital conflicts without 
premeditation. Moreover, to take part in the study, not only 
was a sentence of less than two years necessary, but the 
absence of neurological (traumatic brain injuries, stroke, 
mild or severe cranioencephalic trauma, etc.) or mental dis-
orders (e.g., schizophrenia, depression, alcohol and/or drug 
use disorder, etc.), current use of psychotropic medications 
as well as good comprehension of Spanish (i.e., writing and 
speaking skills), and an intelligence quotient (IQ) equal to or 
above 80 was also required, being measured with the Kauf-
man Brief Intelligence Test (Kaufman and Kaufman 1997). 
To check the criteria, all participants were interviewed and 
screened for neurological and mental disorders by two psy-
chologists with an extensive experience in this field. To be 
included in the study, inter‐rater agreement between the two 
qualitative interviewers had to be above 0.80 for the neuro-
logical and mental disorders. Additionally, it was necessary 
to meet additional criteria for the fMRI acquisition such as 
not having class III obesity (body mass index > 40), crani-
oencephalic metallic implants, and/or agoraphobia.

Except for the gender violence conviction, all the other 
inclusion criteria were the same for the control groups. 
That is, a group of men who presented similar anthropo-
metric, socio-demographic (age, nationality, educational 
level, and/or laterality) and IQ to those of the IPV perpe-
trators. The absence of neurological or mental disorders, 
as stated above, was also required. Moreover, controls 
could have no previous criminal records (IPV or other 
type of conviction) or score below 1 on psychological 
abuse, physical assault, or sexual abuse on conflict tactics 
(Muñoz-Rivas et al. 2007; Straus et al. 1996). Controls 
were recruited in Valencia (Spain), and contact was made 
through advertisements posted on social networks and 
several advertisements published in the city of Valencia. 
After a first contact via e-mail, each control participant 
was interviewed and screened for neurological and/or 
mental disorders by two clinical psychologists. As in the 
case of IPV perpetrators, and inter‐rater agreement above 
0.80 between both raters was needed.

Finally, it should be kept in mind that the implementa-
tion and completion of this study was done in accordance 
with the Declaration of Helsinki and was also approved by 
the Ethics Committee of the University of Valencia (code: 
H1515749368278).
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Procedure

To complete this study, participants needed to attend three 
experimental sessions, two of them in the Psychobiology 
laboratories at the University of Valencia and the third one 
in the Fe Health Research Institute (Supplementary Fig. 1).

Those who were included in the study after being 
screened (first session) and signed their informed consent 
were scheduled for the second session in the Faculty of Psy-
chology between 4:00 and 7:00 p.m. This time frame was 
established due to the stability of several biological markers 
during this period (De Andrés-García et al. 2012). This ses-
sion lasted approximately an hour and a half. Participants 
were taken to a noise-insulated room with a constant tem-
perature of 22 ± 1 °C. First, socio-demographic character-
istics were collected through a short, individual, and semi-
structured interview and a set of self-reports, including the 
Anger Rumination Scale (ARS) (Ramos-Cejudo et al 2017; 
Sukhodolsky et al. 2001). Then, participants were submit-
ted to a laboratory stress task, which lasted approximately 
40 min. During this session, participants needed to respond 
to a set of neuropsychological tests to evaluate their cogni-
tive performance in front of a committee of experts (of both 
genders). The experts tried to promote a social evaluative 
threat by offering negative feedback regarding participants’ 
performance throughout the session (De Andrés-García et al. 
2012; Romero-Martínez et al. 2013; 2014; 2022). SCL was 
registered continuously during four periods: resting (5 min), 
preparatory (5 min), stressor (20 min), and recovery (post-
task; 10 min).

After ending the laboratory session, participants were 
scheduled within one week to undergo an MRI at the Fe 
Health Research Institute. This period of time between 
was established due to the considerable physical distance 
between the two research centers involved in the study and 
the working schedule of the participants. This lasted approx-
imately 30 min, the participants were introduced to the MRI 
process and were asked to relax, keep their eyes closed, and 
remain awake, their heads empty of worries, that is, “not 
thinking about anything”. Once the session ended, partici-
pants were thanked for their participation and received €100 
to cover dietary and travel expenses.

Thoughts of revenge

This scale was part of the Anger Rumination Scale (ARS) 
developed by Sukhodolsky et al. (2001) and conveniently 
adapted to Spanish (Ramos-Cejudo et al 2017). Thoughts 
of revenge comprise several items which measure whether 
participants tend to present dreams and fantasies of a violent 
nature. Participants answer each item, rated on a four-point 
Likert scale (from 1 or almost never to 4 almost always), 
obtaining a total score by adding the score on each item. 

The higher the score, the higher the tendency to experience 
revenge feelings. Cronbach alpha for this study was 0.73.

Electrophysiological recording

For the recording of the psychophysiological signals, 
the Ambulatory Monitoring System (VU-DAMS) was 
employed, and the data were processed with data manage-
ment and analysis software (DAMS) (http://​www.​vu-​ams.​
nl/​vu-​ams/​softw​are/). For this study, the Biopac TSD203 
was combined with isotonic gel (GEL101) to measure skin 
conductance levels (SCL), which was measured in microSie-
mens (μSi). Psychophysiological devices were placed in the 
medial phalanges of the index and ring finger. SCL has been 
widely employed as an indicator of sympathetic activation 
(Critchley 2002).

Magnetic resonance imaging data acquisition 
and analysis

For the brain volume measurement, magnetic resonance 
imaging (MRI) images were acquired on a 3 T magnet 
(Achieva TX, Philips Healthcare Best, The Netherlands) 
using an 8-channel head coil with parallel acquisition 
technology (SENSE). The acquisition protocol consisted 
of a T1-weighted high spatial resolution 3D gradient echo 
sequence with the following parameters: echo time = 3 s, 
repetition time = 6.2 s, flip angle = 100, voxel size = 1 × 1 
× 1 mm3, and 6 min duration. The T2*-weighted MRI 2D 
echo planar BOLD sequence was acquired with the follow-
ing main parameters TE = 35 ms, TR = 2000 ms, temporal 
dynamics = 265, pixel size = 1.8 × 1.8mm2, slice thick-
ness = 5 mm, and a total duration of 9 min.

All images were preprocessed with Statistical Parametric 
Mapping software, (SPM, https://​www.​fil.​ion.​ucl.​ac.​uk/​spm/​
softw​are/​spm12/) from MATLAB (MathWorks, Inc., Natick, 
MA, USA), using the voxel-based morphometry (VBM) 
technique (Ashburner 2009; Salmond et al. 2002). The study 
atlas based on the Harvard Oxford atlas (https://​scala​blebr​
ainat​las.​incf.​org/​human/​HOA06) was employed. We con-
sidered the following brain structures: left OFC, MedFG 
left, amygdala (bilateral), nucleus accumbens (bilateral), AG 
right, LG right, cerebellum lobules (bilateral), right temporal 
gyrus (STG, MTG and ITG), and ICC left.

Data analysis plan

Before applying moderation models, the pattern of signifi-
cant zero-order correlations between the predictor (e.g., 
thoughts of revenge), moderators (gray matter brain region 
volume), and the predicted outcome (SCL recovery) had to 

http://www.vu-ams.nl/vu-ams/software/
http://www.vu-ams.nl/vu-ams/software/
https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
https://scalablebrainatlas.incf.org/human/HOA06
https://scalablebrainatlas.incf.org/human/HOA06
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be calculated for both groups separately, as stated by Hayes 
and Rockwood (2020). Then, when correlation analysis sup-
ported the interrelationship between variables, linear regres-
sion models were used to calculate moderation. Specifically, 
the existence of moderation was considered when the two-
way interaction between predictor and potential moderator 
variables significantly increased the amount of explained 
variance of the predicted outcome. Finally, Hayes (2022) 
recommended that among significant moderation models it 
is important to test for simple slopes. That is, the interac-
tion of each predictor and the moderators for “low (16th 
percentile)”, “moderate (50th percentile)”, and “high (84th 
percentile)” percentiles.

All statistical analyses were performed with IBM SPSS 
Statistics for Windows, Version 28.0, with the alpha level set 
at 0.05. Furthermore, to conduct the moderation analysis, we 
employed PROCESS 3.5 (Hayes 2022).

Results

Characteristics of participants are summarized in Table 1. 
Results of correlations between predictor, moderators, and 
predicted outcomes are summarized in Table 2 for IPV 
perpetrators and in Table 3 for controls. From all signif-
icant associated variables, it seemed that it would only 
be possible to test for four potential moderation models 
in IPV perpetrators. Initially, thoughts of revenge (pre-
dictor) were significantly and positively associated with 
SCL recovery. That is, the higher the tendency to rumi-
nate anger, specifically presenting feelings of revenge, the 
higher the SCL during the recovery period. That is, IPV 
perpetrators exhibited increased sympathetic activation 

during a stage of the stress response that should be char-
acterized by a shift to a dominant parasympathetic acti-
vation. Moreover, thoughts of revenge were significantly 
associated with the left nucleus accumbens, LG left, right 
lobules of the cerebellum and ITG which, in turn, were 
associated with SCL recovery.

Regarding the main objective of this study, we first 
applied a regression model (checking for moderation mod-
els) between thoughts of revenge and the potential modera-
tors (nucleus accumbens left, LG left, cerebellum lobules 
right, ITG right, or ICC left) to predict SCL during recovery. 
From the five regression models that we conducted, three 
of them revealed a significant moderation model (Table 4), 
described below.

The interaction between both thoughts of revenge and 
nucleus accumbens left increased the amount of SCL recov-
ery explained variance (R2 change = 0.0693, F = 4.938, 
p = 0.0305, coeff = −92.29, SE = 41.53, t = −2.22; 95% 
CI −175.55 to −9.031), with the following values for the 
full model (R2 = 0.2421, p = 0.0017). The Boostrap analysis 
revealed the following values for the interaction between pre-
dictor and moderator (coeff = −92.29, bootmean = −91.93, 
bootSE = 43.03, 95% CI −171.16 to −0.6460). The analysis 
of simple slopes highlighted the moderation to be exclu-
sive to participants with ‘low’ nucleus accumbens vol-
ume (coeff = 0.0860, effect = 1.266, SE = 0.4073, t = 3.11, 
p = 0.0030, 95% CI 0.4497–2.082), but not moderate (stand-
ardized effect = 0.2503, SE = 0.3126, t = 0.8008, p = 0.4267, 
95% CI −0.3763 to 0.8769) or high (effect = −0.4534, 
SE = 0.5436, t = −0.8341, p = 0.4079, 95% CI −1.543 to 
0.6364). Hence, the higher the thoughts of revenge, the 
higher the SCL during recovery for IPV perpetrators with 
low volume in the left nucleus accumbens (Fig. 1).

Table 1   Means, standard 
deviations, percentages, and 
means comparisons for socio-
demographic and psychological 
variables

BMI body mass index, IPV intimate personal violence, M mean, SD standard deviation

IPV perpetrators (n = 58) Controls (n = 61) t-test or 
chi-
square

Age (M, SD) 41.40 (11.55) 38.57 (13.98) 1.19
BMI (M, SD) 22.73 (3.49) 22.69 (3.36) 0.06
Nationality (%)
 Spanish 91.4 89 3.27
 Latin Americans 1.7 8
 Others 6.9 3

Educational level (%)
 Primary/lower secondary 56 39 3.69
 Upper secondary/vocational training 35 48
 University 9 13

Laterality (%)
 Right-handed 91 89 0.267
 Left-handed 9 11
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Regarding the interaction between thoughts of revenge 
and the right lobules of the cerebellum, their interaction 
increased the amount of explained variance for SCL dur-
ing recovery (R2 change = 0.0776, F = 6.499, p = 0.0137, 
coeff = −3.178, SE = 1.246, t = −2.549; 95% CI −5.676 to 
−0.6788), the following values for the full model being 
(R2 = 0.3556, p < 0.0001). Boostrap analysis revealed the 
following values (coeff = −3.177, bootmean = −3.072, 
bootSE = 1.378, 95% CI −5.626 to -0.2247). The analysis 
of simple slopes highlighted the moderation to be exclu-
sive to participants with ‘low’ (coeff = 3.798, effect = 1.085, 
SE = 0.3397, t = 3.194, p = 0.0023, 95% CI 0.4040–1.766), 

but not to IPV perpetrators with ‘moderate’ (effect = 0.4584, 
SE = 0.2502, t = 1.832, p = 0.0724, 95% CI −0.0431 to 
0.9600), or ‘high’ volume in the right lobules of the cerebel-
lum (effect = −0.5536, SE = 0.4821, t = −1.148, p = 0.2559, 
95% CI −1.520 to 0.4129). The SCL during the recovery 
period was higher in IPV perpetrators with a high tendency 
to ruminate thoughts of revenge, specifically, among those 
presenting lower volume in the right lobules of the cerebel-
lum (Fig. 2).

The final model checked the interaction between 
thoughts of revenge and ITG right to predict SCL dur-
ing recovery. Accordingly, the interaction of both 

Table 4   Regression models 
testing the interaction between 
predictors thoughts of revenge 
with brain region volume 
to predict skin conductance 
levels during recovery period 
in intimate partner violence 
perpetrators

SE standard error, CI confidence interval, LL lower limit, UL upper limit, LG lingual gyrus, ITG inferior 
temporal gyrus, ICC intracalcarine cortex

Skin conductance levels during recovery

Effect Estimate SE 95% CI p

LL UL

Thoughts of revenge 9.201 3.883 1.416 16.98 0.0214
Nucleus accumbens left 341.21 217.5 −94.82 777.2 0.1225
Thoughts of revenge x nucleus accumbens left −92.29 41.52 −175.5 −9.031 0.0305
Thoughts of revenge −0.6707 4.596 −9.886 8.554 0.8845
LG right −18.76 25.25 −69.38 31.85 0.4606
Thoughts of revenge x LG right 1.295 4.637 −8.003 10.59 0.7811
Thoughts of revenge 13.16 4.970 3.189 23.12 0.0106
Cerebellum lobules right 10.59 6.557 −2.557 23.74 0.1121
Thoughts of revenge x cerebellum lobules right −3.178 1.246 −5.676 −0.6788 0.0137
Thoughts of revenge 10.64 4.622 1.374 19.91 0.0252
ITG right 26.89 18.93 −11.08 64.86 0.1614
Thoughts of revenge x ITG right −7.299 3.351 −14.02 −0.5821 0.0337
Thoughts of revenge 3.381 4.043 −4.725 11.49 0.4068
ICC left 12.66 52.54 −92.68 118.01 0.8105
Thoughts of revenge x ICC left −7.184 10.51 −28.26 13.89 0.4973

Fig. 1   Thoughts of revenge as a predictor of skin conductance levels during recovery moderated by NACC left volume in IPV perpetrators
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variables increased the amount of explained variance (R2 
change = 0.0666, F = 5.740, p = 0.0337, coeff = −7.229, 
SE = 3.351, t = −2.178; 95% CI −14.02 to −0.5821), the 
following values for the full model being (R2 = 0.2418, 
p = 0.0017). Boostrap analysis revealed the following val-
ues (coeff = −7.299, bootmean = −7.513, bootSE = 3.767, 
95% CI −16.23 to −0.1987). The analysis of simple slopes 
highlighted the moderation to be exclusive to participants 
with ‘low’ (coeff = 1.134, effect = 0.3697, SE = 0.3697, 

t = 3.068, p = 0.0034, 95% CI 0.3931–1.875), and ‘moder-
ate’ (effect = 0.6579, SE = 0.2739, t = 2.401, p = 0.0189, 95% 
CI 0.1087–1.207), but not to IPV perpetrators with ‘high’ 
volume of the right ITG (effect = −0.0493, SE = 0.3998, 
t = −0.1232, p = 0.9024, 95% CI −0.8508 to 0.7523). The 
SCL during the recovery period was higher in IPV perpetra-
tors with a high tendency to ruminate thoughts of revenge, 
concretely, among those IPV perpetrators with a low and 
moderate volume in the right ITG (Fig. 3).

Fig. 2   Thoughts of revenge as a predictor of skin conductance levels during recovery moderated by right lobules of cerebellum in IPV perpetra-
tors

Fig. 3   Thoughts of revenge as a predictor of skin conductance levels during recovery moderated by ITG right volume in IPV perpetrators
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Discussion

This study showed that the GMV of three brain structures 
(e.g., left nucleus accumbens, right lobules of cerebellum 
and ITG) in IPV perpetrators moderated the association 
between thoughts of revenge and SCL during the recovery 
period. In this sense, the higher the thoughts of revenge, 
the higher the sympathetic predominance (or higher SCL 
levels), especially among IPV perpetrators with the lowest 
GMV of these brain structures.

In our study, correlations revealed a positive association 
between the MedFG left and a sympathetic predominance 
(SCL levels during recovery period), while the rest of the 
brain structures (e.g., nucleus accumbens, amygdala, cer-
ebellum, LG, ITG, and ICC) maintained a negative asso-
ciation with SCL, which is in line with previous results 
(Alia-Klein et al. 2020; Chester and DeWall 2016; Klaus 
and Schutter 2021; Nikolic et al. 2022; Romero-Martínez 
et al. 2019). Contrary to previous findings (Romero-Mar-
tínez et al. 2019), our data also highlighted that the OFC 
maintained a negative association with SCL. Moreover, 
the superior and middle temporal gyrus as well as the AG 
were unrelated to SCL and/or thoughts of revenge. For 
all of this, it should be kept in mind that not all previ-
ous empirical research employed the same instruments to 
measure anger rumination (i.e., self-reported anger rumi-
nation instead of laboratory procedures) or paid attention 
to GMV instead of brain activation. Therefore, we should 
be cautious when interpreting these conclusions.

The main objective of this study was to clarify whether 
the GMV of specific brain structures, previously high-
lighted by scientific literature, explained the association 
between anger rumination (i.e., thoughts of revenge) and 
SNA imbalance during the recovery period. The hypoth-
esis was that a higher GMV of the left-MFG and OFC 
and a lower GMV of the right lobules of the cerebellum, 
angular (AG), lingual (LG) and temporal gyrus (superior, 
middle, and inferior) amygdala bilaterally, left intracal-
carine cortex (ICC) and nucleus accumbens would moder-
ate the association between rumination and sympathetic 
predominance, as concluded before in different violent 
and non-violent samples (Alia-Klein et al. 2020; Chester 
and DeWall 2016; Klaus and Schutter 2021; Nikolic et al. 
2022; Romero-Martínez et al. 2019). Regarding the mod-
eration models, we checked for five models, but only three 
of them were significant. Particularly, the lowest GMV of 
the left nucleus accumbens, right lobules of the cerebel-
lum and ITG seemed relevant to anger rumination, which 
partly explained sympathetic predominance in IPV per-
petrators. The main interest of nucleus accumbens was its 
relevance in the rewarding processes (Chester and DeWall 
2016). It has been highlighted that the role of revenge 

thoughts toward their couples is particularly important in 
terms of maintaining this type of violence among IPV per-
petrators (Stuart et al. 2006). Hence, the reinforcing role of 
revenge feelings might be a key point for certain modules 
in IPV interventions. In other words, focusing on models 
to deconstruct these cognitive schemas that sustain the rel-
evance and pleasure of revenge and looking for alternative 
ways of dealing with couple conflicts, which in turn might 
diminish participants’ desire for revenge (e.g., Nonjustice 
System Intervention) (Rowe et al. 2018).

Regarding the association with the right lobules of 
the cerebellum, this was the most relevant model as it 
explained the highest variance (around 36%) compared to 
the rest of the regression models (less than 25%). In line 
with previous research, it has been pointed out that reduc-
tions in GMV of the right cerebellum explained interper-
sonal violence proneness (Coccaro et al. 2016; Soloff et al. 
2008; Wolfs et al. 2023; Zhang et al. 2018). Their facilita-
tor role of violence was explained by its contribution to 
non-planning impulsivity. In addition, certain evidence has 
suggested that the cerebellum presents a specificity for 
processing angry stimulus, but not those with a positive 
content (e.g., happiness) (Park et al. 2010). In any case, 
the role of vermis should be clearly differentiated from the 
lobules of the cerebellum for violence proneness; whereas 
GMV of vermis maintained a positive association with 
interpersonal violence, reductions of lobules entailed a 
high risk. In our study, we not only concluded a differen-
tial role of lobules and vermis through revenge thoughts, 
but also differences between right and left lobules, being 
especially important the role of the right lobule of the 
cerebellum. Thus, it would be important not to neglect 
the role of the cerebellum to properly understand violence 
proneness in IPV perpetrators. That is, by not only stating 
that violence is the result of failures in the cortical circuit 
(PFC) and limbic structures, but also, to incorporate the 
cerebellum in this circuit (e.g., cortical (PFC)–limbic–cer-
ebellar) due to its role in impulsivity and emotional stimu-
lus processing.

The third model pointed out the importance of a reduced 
GMV of ITG for explaining sympathetic predominance dur-
ing the recovery period. This brain structure presented an 
important contribution for visual perception and recogni-
tion as well as for semantic multimodal sensory integration, 
which affect lexical and phonological decisions (Buckley 
et al. 1997; Mesulam 1998; Tek et al. 2002). Moreover, this 
structure also presented a differential activation depending 
on the emotional content of lexical (Hsu et al. 2015), with 
its activation being especially accused in violent individu-
als when processing stimulus with violent content (Nikolic 
et al. 2022). In this study, the reduced GMV was relevant to 
explain the tendency of some IPV perpetrators to ruminate 
anger (revenge).
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This is the first study that has tried to introduce neuro-
imaging techniques together with other psychobiological 
indicators to explain the main reasons some IPV perpetra-
tors present an ANS imbalance when they recover from 
an acute stressor. Despite its novelty and the strength of 
incorporating biological markers in laboratory procedures 
and self-reports, it is necessary to keep in mind some limi-
tations that might impact the external validity of our con-
clusions which, in turn, might help guide future research 
in the field of IPV. First, we applied regression models to 
explain sympathetic imbalance, but this was employed to a 
relatively homogeneous and reduced sample, mainly Span-
ish men with no psychopathologies, which directly impact 
the generalizability of these findings. Furthermore, if we 
attend to the cross-sectional nature of the study, we can-
not establish a causal association between variables. Addi-
tionally, regression models explain approximately 40% of 
the variance in the sympathetic imbalance, so we should 
assume the involvement of other factors which are not con-
templated in our study. That is, we need a multidisciplinary 
approach beyond biological factors to better understanding 
the complex phenomenon of IPV. Regarding the instruments 
employed in our study, thoughts of revenge were measured 
with a self-report instead of a laboratory procedure. Thus, 
to reliably replicate our conclusions, future research should 
include a larger sample size as diverse as possible, which 
would increase external validity. Second, we only paid atten-
tion to specific brain structures instead of incorporating all 
brain divisions of the Oxford atlas. Although this could be 
considered as a potential limitation, we reinforce the need 
to focus on concrete brain structures to reduce the number 
of comparisons in a reduced number of participants, which 
considerably increases the risk of type 1 error. That is, future 
studies should include the volume measurements of other 
brain regions which are critical for anger modulation such 
as the entorhinal cortex, cingulate gyrus, and the regions of 
the PFC that are not contemplated in this research. Third, 
there are inherent limitations in the psychophysiological 
(transduction of galvanic signals, etc.) and MRI instruments 
(e.g., resolution, statistical models employed for preprocess-
ing images, etc.), which should be considered when building 
complex models to properly understand IPV perpetrators’ 
proneness to violence. In fact, for future research, it would 
be important to combine SNS and PNS (e.g., respiratory 
sinus arrhythmia) by employing appropriate instruments. 
Finally, it is important to note that we did not design a con-
crete laboratory produce to measure thoughts of revenge, 
which could be important for future research.

In summary, our study offers valuable information with 
a clear application in forensic practice to design therapeutic 
modules focused on appropriately dealing with stress and 
reducing anger rumination tendencies. Nevertheless, it is 
still important to be cautious about the interpretation of our 

results and to combine these techniques with other behavio-
ral instruments to clarify the importance of anger rumination 
in IPV proneness. Moreover, our results highlight the exist-
ence of differential profiles of IPV perpetrators when deal-
ing with acute stress, given that statistical models explained 
less than 40% of the explained variance. Therefore, future 
studies should consider all these questions when conduct-
ing adequate research and conducting it in clinical practice.

Even though it is important to be cautious regarding the 
clinical applications of our conclusions, due to important 
limitations of the current research, our research reinforces 
the need for clinical psychologists and specialists in foren-
sic settings, especially in the field of IPV, to combine their 
efforts with other professionals such as psychobiologists, 
medical doctors, among others, to adopt a multidisciplinary 
approach that allows us to better understand a complex phe-
nomenon such as IPV which, in turn, would allow us to 
design different screening tools and therapeutic programs. 
The better our knowledge regarding characteristics of IPV 
perpetrators, the better our ability to attend to their therapeu-
tic needs which, in turn, would positively impact the reduc-
tion of recidivism.
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