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A B S T R A C T   

Intimate Partner Violence (IPV) has been linked to difficulties in socio-affective functions. Nevertheless, the 
underlying psychobiological mechanisms that might be responsible for them remain unclear. Oxytocin (OXT) 
stands out as an important hormone that may favor the salience of social information, due to its relevance in 
empathy and prosocial behavior. Thus, the study of salivary OXT (sOXT) may provide further information about 
potential impairments in social cognition in IPV perpetrators. This study analyzed the effects of an empathic 
induction task, performed through negative emotion-eliciting videos, on endogenous sOXT levels, mood state, 
and emotional perception in 30 IPV perpetrators compared to 32 controls. Additionally, we explored their 
performance on prosocial behavior after the empathic induction task, using Hare’s donation procedure. Lower 
sOXT levels were found in IPV perpetrators after the task compared to controls, along with a general decreasing 
tendency in their sOXT levels. Additionally, IPV perpetrators exhibited no change in their mood state and 
perceived others’ emotions as more positive and less intense. Moreover, the mood state response and alexithymia 
traits, respectively, positively and negatively predicted the sOXT levels after the empathic induction task in the 
entire sample. Finally, we did not observe a lower appearance of prosocial behaviors in IPV perpetrators; 
however, higher sOXT levels after the empathic induction task were found in subjects who donated when 
considering the whole sample. In sum, IPV perpetrators exhibited differences in their sOXT levels when empa
thizing, compared to controls, with alexithymia and the emotional response potentially explaining the sOXT 
levels after the task. Furthermore, prosocial behavior was more related to these sOXT levels than to IPV. As our 
knowledge about the emotional processing of IPV perpetrators increases, we will be better able to develop and 
include coadjutant treatments in current psychotherapeutic programs, in order to focus on their emotional needs, 
which, in turn, would reduce the future risk of recidivism.   

1. Introduction 

Intimate partner violence (IPV), defined as any act that results or 
may result in physical, sexual, or psychological harm to women in het
erosexual relationships (World Health Organization, 2019), has 
emerged as a serious public health problem with high social, economic, 
and human costs (Vilariño and Arce, 2018). Research has focused on 
addressing IPV characteristics in order to develop comprehensive and 
effective intervention programs to prevent this type of violence (Santirso 

et al., 2020). For this purpose, the Biopsychosocial Model is an impor
tant explanatory approach that views IPV as a multi-causal variable and 
highlights the relevance of integrating psychosocial, affective, and bio
logical aspects (Pinto et al., 2010), incorporating neuroscience meth
odology into models focused on psychosocial factors (Kelly and Wilson, 
2020). 

Impairments in socio-affective functions have recently been identi
fied as an important factor in IPV (Brem et al., 2018; Romero-Martínez 
et al., 2013), with many IPV perpetrators showing difficulties in 
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identifying, describing, and/or expressing their own and others’ feel
ings, deficits that are defined as alexithymia (Romero-Martínez et al., 
2020). This construct has been directly implicated in difficulties in social 
cognition processing, specifically in recognizing others’ emotions (Di 
Tella et al., 2020; Romero-Martínez et al., 2019c). This inability to 
recognize and/or regulate emotional inner states might underlie poor 
understanding of others’ thoughts and emotions (perspective taking) 
(Grynberg et al., 2010; Lyvers et al., 2018). This impaired processing of 
socio-affective stimuli could result in difficulties in responding to or 
sharing emotions with others, as well as considerable affective distress 
when dealing with social interactions, which would make them feel 
overwhelmed (Finkel and Hall, 2018; Leshem et al., 2019; Strickland 
et al., 2017). Therefore, these serious difficulties have been pointed out 
as mechanisms that partially explain the reduction in adaptive social 
functioning and the risk of IPV maintenance and recidivism (Romer
o-Martínez et al., 2016a, 2019b, 2019d). 

From the Biopsychosocial Model perspective, the hypothalamic 
neuropeptide oxytocin (OXT) could be of special interest for the study of 
IPV because it plays an important role in social cognition (Patin and 
Hurlemann, 2015). Particularly, OXT has been linked to the salience of 
socio-affective information, facilitating emotional decoding processes 
and the mediation of social reward sensitivity, processes that may be 
relevant for functions such as empathy, bonding, and prosocial behavior 
(Crespi, 2016; Shamay-Tsoory and Abu-Akel, 2016). Research in this 
field has focused on the study of the relationship between endogenous 
basal levels of OXT and psychological traits that are important for social 
cognition and empathy, or it has examined the behavioral effects of 
intranasal administration of OXT (Geng et al., 2018; Hurlemann and 
Grinevich, 2018). However, several authors have highlighted the 
importance of complementing this research with the study of endoge
nous OXT levels in response to socio-affective stimuli (Hurlemann and 
Grinevich, 2018). These authors emphasize the importance of research 
with naturally induced approaches that favor a more realistic under
standing of the relationship between empathy and OXT, such as the 
study of the endogenous OXT response to empathic induction tasks. In a 
first study, Barraza and Zak (2009) showed an increase in endogenous 
plasma OXT (pOXT) levels in a sample of college students (52% women) 
after watching a video with high emotional content of people in distress. 
They also observed a positive relationship between pOXT and the degree 
of empathy experienced, measured by the increase in their mood state. 
This result was reproduced in another study on endogenous salivary 
OXT (sOXT) that also showed an increase in sOXT levels after exposure 
to the same empathic induction task (Procyshyn et al., 2020) in a similar 
sample of college students (54% women). 

In addition, sOXT has also been implicated in prosocial behaviors 
through the strengthening of trust and helping behaviors (Hurlemann 
and Marsh, 2016). Marsh et al. (2015) found a relationship between 
prosocial behavior and changes in endogenous sOXT. In their study, they 
found that male and female students who anonymously donated part of 
their experimental retribution to social charities had an increase in their 
sOXT levels. Moreover, Barraza and Zak (2009) reported that partici
pants who had a greater response to an empathic induction task, 
measured by increased pOXT and positive mood state response, donated 
more money to social charities. These findings led to the idea that 
interpersonal relationships involving prosocial behavior could be 
significantly modulated by sOXT through the empathic function. 

However, the effect of OXT on social cognition can differ substan
tially, with some authors establishing a complex pattern where the social 
context and individual differences moderate both central and peripheral 
OXT release (DeWall et al., 2014). Specifically, research suggests that 
highly aggressive men differ from the general population with respect to 
their OXT system, linking lower OXT levels in this population to deficits 
in socio-affective functions (Demirci et al., 2016; Levy et al., 2015). 
Unfortunately, these studies did not assess group differences in baseline 
OXT levels. Even though a previous study failed to report baseline sOXT 
level differences between IPV perpetrators and controls 

(Romero-Martínez et al., 2021), they did not assess whether baseline 
sOXT levels were related to socio-affective alterations (e.g., alexithymia, 
empathy, prosocial behavior…) in IPV perpetrators. However, to the 
best of our knowledge, there are no studies that have considered the 
influence of these socio-affective difficulties in the sOXT response to an 
empathic induction task in both IPV perpetrators and in non-violent 
men. 

Therefore, the main objective of this study was fourfold. First, this 
study aimed to analyze whether there are differences between IPV 
perpetrators and controls in their baseline sOXT levels and alexithymia 
traits. We first hypothesized that, in line with previous research (Hur
lemann and Grinevich, 2018; Romero-Martínez et al., 2019c, 2021), the 
groups would not differ in their baseline sOXT levels. Moreover, we also 
expected that IPV perpetrators would present higher alexithymia traits 
than controls. Second, we also aimed to assess whether there are dif
ferences between IPV perpetrators and controls on their endogenous 
sOXT levels and negative mood state in response to an empathic in
duction task. Accordingly, prior literature has found increases in 
endogenous sOXT and negative mood state following an empathic in
duction task in a normative population (Barraza and Zak, 2009; Procy
shyn et al., 2020). Nonetheless, IPV perpetrators tend to present 
important alterations in perceiving the affective state of others and 
higher alexithymia traits (Romero-Martínez et al., 2016a, 2019c, 2020). 
Therefore, we hypothesized that IPV perpetrators would present a 
buffered sOXT response. Conversely, we expected an increase in sOXT 
levels and a worsening of mood after the task in controls. 

Third, we also aimed to explore whether negative mood state, 
emotional perception after the emotion induction task, and/or alex
ithymia predict sOXT changes in response to the task. Based on previous 
conclusions in this field (Hurlemann and Grinevich, 2018; Romer
o-Martínez et al., 2016a, 2019b, 2020; Shamay-Tsoory and Abu-Akel, 
2016), we would expect low emotional perception and high alex
ithymia traits to predict the buffered sOXT response in IPV perpetrators, 
whereas high emotional perception and worse mood would predict 
sOXT changes in controls. 

Four, we also investigated the difference in the performance of 
prosocial behavior between IPV and controls, as well as the difference in 
the sOXT levels after the task between those who perform prosocial 
behavior and those who do not. We expected a greater sOXT response in 
the prosocial subjects, independently of whether they were IPV perpe
trators or not (Marsh et al., 2015). 

2. Methods 

2.1. Participants 

From an initial total sample of 66 participants, two IPV perpetrators 
and two controls were excluded from the study because their sOXT 
levels exceeded the standard deviation of the total sample by 2.5 or 
more. The final sample consisted of 62 healthy male volunteers (30 IPV 
perpetrators and 32 controls). The IPV perpetrators were recruited from 
the participants in the CONTEXTO Program, a community-based psy
choeducational intervention program that is mandatory for men con
victed of gender-based violence. The study was carried out at the 
Department of Social Psychology at the University of Valencia prior to 
the start of the intervention. 

The IPV perpetrators were required to have a sentence for gender- 
based violence that had been suspended on the condition that they 
attend an intervention program (Lila et al., 2018). They had to be free of 
any mental and/or neurological disorders, not have consumed sub
stances for at least two hours before the study and have good writing and 
speaking skills in Spanish. The assessment of the IPV perpetrators’ his
tory of violence was based on information provided by judicial and 
probation system professionals (e.g., previous violence against other 
people", physical, psychological, and/or sexual IPV perpetration, crim
inal previous records…), as well as information provided by the 
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participant. Furthermore, participants also completed the Conflict Tac
tic Scale 2 (CTS-2) (Straus et al., 1996) validated in Spanish 
(Muñoz-Rivas et al., 2007) during individual interviews. Our sample 
included participants with episodes of physical and/or psychological 
violence. 

The control group was composed of volunteers who presented 
similar anthropometric (age, and/or body mass index) and socio- 
demographic (age, educational level, annual income, and/or marital 
status) characteristics to those of the IPV perpetrators, in addition to not 
having any previous criminal record. Additionally, they had to score 
below 1 on the CTS-2 (Muñoz-Rivas et al., 2007; Straus et al., 1996). 
They were recruited in Valencia (Spain), and contact was made through 
advertisements posted on social networks. The participants were 
selected after performing an individualized phone interview. Prior to the 
experimental phase, each participant was interviewed by two clinical 
psychologists trained in the treatment of IPV to screen for psychopa
thology and/or personality disorders. Inter-rater agreement between the 
two qualitative interviewers had to be above.80 for the psychopatho
logical and personality dimensions evaluated. All participants were 
informed about the study, voluntarily agreed to participate, gave their 
written informed consent, and received a financial retribution of 40 
euros at the end of the study. 

The experiment was conducted in accordance with the Declaration of 
Helsinki and approved by the Ethics Committee of the University of 
Valencia (procedure number: H1538385543901). 

2.2. Procedure 

The procedure was carried out in one experimental session in the 
Psychobiology laboratories at the University of Valencia, where a con
stant temperature (21ºC) and humidity were maintained. The session 
always took place between 4:00 and 7:00 p.m. with an approximate 
duration of 2 h. First, the informed consent was signed, and the 
anthropometric were measurements taken. Then, the first question
naires on the participants’ mood state were completed (baseline), and 
baseline sOXT was collected. Next, the participants were introduced to 
the empathic induction task, and anticipatory sOXT was taken. 

Following the guidelines of Procyshyn et al. (2020), the empathic 
induction task consisted of watching a battery of emotion-eliciting 
videos validated for the Spanish population (PIE) (Fernández-Megías 
et al., 2011). Before watching, the participants were told to actively 
empathize with the main character of each scene (previously singled 
out), and they were informed that they had to complete a questionnaire 
reporting the perceived emotional response of the characters. Four 
scenes (averaging 1’ 21") were selected from the battery based on their 
high arousal and negative affect (see Table 1). The selection of these 
scenes was based on the recommendations proposed in Gracia et al. 
(2015) and Romero-Martínez et al. (2019a, 2019b, 2019c, 2019d, 
2019e). These studies pointed to the existence of alterations in the 

processing of socio-cognitive and emotional stimuli in IPV perpetrators 
when processing clips with specifically IPV content. Thus, we selected 
two scenes where male characters received violence and two scenes 
where violence was received by female characters. Each participant 
performed the empathic induction task, watching the scenes on a 75’’ 
screen. Following guidelines from previous studies (Schaefer et al., 
2010), participants were asked to relax for one minute before watching 
each scene, and they had to complete the questionnaires right after 
every scene. 

After the empathic induction task was over, post-empathic sOXT was 
collected, the mood state questionnaire was filled out again, and the 
participants went through a recovery phase divided into three 20-min
ute periods in which the following three sOXT samples were collected: 
post 20’, post 40’, and post 60’, respectively. During the recovery 
period, questionnaires were completed to collect information on socio- 
demographic variables, alexithymia, and alcohol consumption. 

Finally, once the recovery period had ended, the mood state ques
tionnaire was filled out again, and a prosocial laboratory task was per
formed that consisted of making a charitable donation, replicating the 
Hare et al. (2010) assessment procedure. The suitability of this task (e.g., 
charitable donations) for measuring altruism-motivated prosocial 
behavior in normative populations has been shown (Böckler et al., 2016; 
Huang et al., 2021; Tusche et al., 2016; Waytz et al., 2012). Further
more, the occurrence of these prosocial behaviors has been related to a 
greater response to an empathic induction task in a normative popula
tion (Tusche et al., 2016), suggesting that individuals with more pro
social behaviors appear to exhibit a greater propensity for empathizing. 
The procedure was divided into three phases: (1) taking perspective of a 
context where a problem is presented, (2) evaluating the participant’s 
potential impact on the resolution of the problem, and (3) an opportu
nity to perform a helping behavior. First, we presented informative 
documents about six Non-Governmental Organizations (NGO). Then, 
the participants were asked to assess the extent to which each NGO 
deserved help. To monitor the effect of possible personal contact with 
the organizations, the degree of closeness to the NGO was assessed on a 
3-point Likert scale (1 - no closeness; 3 - active participation in the or
ganization). Finally, participants were given the opportunity to help the 
NGO by means of a donation, emphasizing the voluntary nature of the 
donation. Once the donation had been proposed, the participants had to 
write down in a document the amount donated and the NGO that 
received the donation. To reduce a possible bias due to social desir
ability, the experimenters left the room while the participant decided 
whether to make the donation. As a result, the participants were divided 
into donors (participants who had donated at least 50% of their financial 
retribution) and non-donors. The donation was taken from the economic 
retribution the participants received. Once the prosocial laboratory task 
had ended, they were informed that they would receive the full remu
neration. At the end, the participants were escorted out of the laboratory 
and dismissed. (Fig. 1). 

2.3. Measures 

To measure mood, the reduced version of the “Profile of Mood 
States” (POMS), adapted to the Spanish population, was used (Fuentes 
et al., 1995; McNair et al., 1971). This version has 29 items with a total 
score indicating negative mood. The response format is a five-category 
Likert scale with values between 0 (none) and 4 (very much). A total 
score was calculated by adding all the negative scales (tension, depres
sion, anger, vigor, and fatigue) and subtracting vigor. Cronbach’s α 
was.83 for the total score. 

To measure perceived emotional state in others, the Self-Assessment 
Manikins (SAM) (Bradley and Lang, 1994) was used. The SAM evaluates 
the affective valence (SAM-Val), which ranges from 9 (positive valence) 
to 1 (negative valence), and arousal or activation (SAM-Act), which 
ranges from 9 (high arousal) to 1 (low arousal). Each subscale is rep
resented by 5 graphic figures with 4 intermediate points, making up the 

Table 1 
Selected scenes for the empathic induction task.  

Film Description Length Valence Arousal 

Leaving Las 
Vegas 

A female character is sexually 
assaulted in a motel 

2 ́ 1,73 5,64 

The Piano A pianist’s hand is cut off with 
an axe 

0 ́ 46 ́´ 2,36 6,09 

Schindler’s 
List 

A concentration camp 
commander shoots at prisoners 
from his balcony 

1 ́ 16 ́´ 1,55 5,73 

American 
History X 

A neo-Nazi kills a man 1 ́ 20 ́´ 1,82 6,58 

Note: Video clips are from the battery of films with emotion-inducing capacity 
validated for the Spanish population (Fernández-Megías et al., 2011). Valence 
was measured from 1 (negative valence) to 10 (positive valence). Arousal was 
measured from 1 (low arousal) to 10 (high arousal). 
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9-point scale. This questionnaire was used to measure the participant’s 
perception and understanding of the characters’ emotional state in the 
scenes, which is an indicator of cognitive empathy. Cronbach’s α was.68 
for the total score. 

The “Toronto Alexithymia Scale - 20 items” (TAS-20; Bagby et al., 
1994) was used to measure the trait of alexithymia. The TAS-20 is a 
widely used self-report measure that has demonstrated adequate reli
ability and validity in its original version and in the Spanish adaptation 
(Martínez-Sánchez, 1996) used in the present study. The TAS-20 con
tains 20 items with a response system based on a 5-point Likert scale 
ranging from 0 (strongly disagree) to 6 (strongly agree). Cronbach’s α 
was.80. 

The Spanish version (Guillamón et al., 1999) of the “Alcohol Use 
Disorder Identification Test” (AUDIT) (Saunders et al., 1993) was used 
to verify the amount and frequency of alcohol consumption in adults. 
Cronbach’s alpha was.85. 

2.4. sOXT levels 

To collect the oxytocin levels, we took saliva samples from the par
ticipants directly from the mouth using Salivettes (Sarstedt, Rommers
dolf, Germany). Six saliva samples were collected as follows: (1) baseline 
measurement, (2) anticipatory measurement of empathic induction, (3) 
post-empathic induction measurement, and (4) three measures during 
the recovery period (after 20, 40, and 60 min). The saliva samples were 
frozen at − 20 ◦C immediately after collection and kept in this state until 
analysis in the laboratory. Saliva samples were initially lyophilized 
(Modulyo Freeze Dryers, Thermo Electron Corporation) for approxi
mately 15 h until they were dehydrated (Daughters et al., 2015). 
Following the manufacturer’s instruction for centrifugation, the samples 
were centrifuged 5 min × 1000 g and then, from each saliva sample, 
1 ml of supernatant was stored and frozen at − 40 ◦C. Then, these 
samples were reconstituted in 250 μl of assay buffer, which produced a 
concentration four times higher than the original. The result of this 
extraction procedure ensured that simple concentrations within the 
assay were above the assay sensitivity level and detectable on the linear 
portion of the standard curve (Carter et al., 2007). The sOXT levels were 
measured using the commercial Oxytocin EIA kit (Arbor Assays, Inc. 
Ann Arbor, MI; ref: K048). We followed the procedure described in 
previous studies from our laboratory (for a detailed description, see 
Bellosta-Batalla et al., 2020a, 2020b; Romero-Martínez et al., 2021) and 
others (Lebowitz et al., 2016; MacLean et al., 2018). Remarkably, sOXT 
has been observed to correlate better than pOXT with concentrations in 
the cerebrospinal fluid (Martin et al., 2018). Neuropeptide 
cross-reactivity was reported by Arbor assays as < 0.001% and the 
detection limit was 11 pg. / ml. Saliva samples were read at 450 nm, and 
all samples were tested in duplicate. Inter-trial and inter-trial CV aver
aged less than 10%. 

2.5. Data analysis 

After evaluating the normality of the data with the Shapiro-Wilk test 
(p < .05), the non-normal data were transformed based on a Neph
emerian logarithm (logn). A Chi square was performed to compare 
socio-demographic data (marital status, education level, and annual 
income), with the "group" variable (IPV perpetrators and controls) as an 
inter-subject factor. Additionally, independent means comparison t-tests 
were performed, with the "group" variable as an inter-subject factor for 
anthropometric data, alcohol use, alexithymia, SAM scores, and baseline 
sOXT. 

To analyze the possible change in sOXT levels, repeated-measures 
ANOVAs were performed with the variable "time" (baseline, anticipa
tory, post-empathic task, and recovery) as the intra-subject factor, and 
"group" as the inter-subject factor. Greenhouse-Geisser corrections for 
degrees of freedom were applied where appropriate. For significant re
sults, partial eta-square was reported as a measure of effect size. Com
parison t-tests were also performed for the magnitude of the sOXT levels, 
with "group" as an inter-subject factor. The magnitude of the sOXT levels 
was estimated for the empathic induction task by calculating the area 
under the curve with respect to the ground (AUCg), considering the 
baseline, anticipatory, post-empathic task, and recovery measures. The 
magnitude of sOXT change with respect to the baseline was estimated by 
calculating the area under the curve with respect to the increase (AUCi). 
For the calculation of the AUCg and the AUCi, we used formulas derived 
from the trapezoidal rule, with AUCg collecting the entire area and AUCi 
taking the baseline as the reference point (Pruessner et al., 2003). 

To analyze the possible change in mood state, a repeated-measures 
ANOVA was used for repeated measurements with the variable "time" 
(pre- and post-empathic task and recovery) as the intra-subject factor 
and "group" as the inter-subject factor. Greenhouse-Geisser corrections 
for degrees of freedom were applied where appropriate. For significant 
results, partial eta-square was reported as a measure of effect size. 
Additionally, the change score was measured as the difference between 
the post-empathic induction task and baseline. Group differences were 
calculated by employing t-tests. Pearson’s correlation coefficients were 
calculated to assess the relationships between the psychological vari
ables (change score for the negative mood state response, emotional 
perception, and alexithymia) and sOXT AUCg and AUCi. Finally, a 
multiple linear regression model was constructed using the significant 
variables from Pearson’s correlation as the independent variables and 
the magnitude of the sOXT levels (measured by AUCg) and/or the 
magnitude of the sOXT response (measured by AUCi) as the dependent 
variables. 

Additionally, a comparison of means was performed by using a two- 
factor Analysis of Variance (ANOVA), with the variables “group” and 
"donation" (donors vs no donors) as fixed factors and the AUCg and AUCi 
as the dependent variables. The observed power and effect size were also 
estimated. 

Data analyses were conducted using IBM SPSS Statistics for 

Fig. 1. Experimental procedure.  
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Windows, Version 22.0 (Armonk, NY). Values of p < .05 were consid
ered statistically significant. The average values are reported in the ta
bles as mean ± SE. 

3. Results 

3.1. Participant characteristics 

There were no significant differences between IPV perpetrators and 
controls in demographic variables, anthropometric characteristics, and/ 
or alcohol consumption. Nevertheless, the former presented higher 
scores on alexithymia (see Table 2). 

3.2. Emotional perception scores 

With regard to the SAM scores, IPV perpetrators perceived the 
characters with a lower affective arousal (t (42.8) = − 2.11, p = .041) 
and a more positive valence (t (33.8) = 2.16, p = .038) than controls. 

3.3. sOXT response to the empathic laboratory task 

After checking that there were no significant differences between 
groups in sOXT baseline levels (t (52, 5) = 1.114, p = .258), the analysis 
did not find a significant “time” effect (F (5, 300) = 0.527, p = .756, η2p 
= .009) for the whole sample. Nevertheless, a significant “time x group” 
effect was found [F (5, 300) = 2.242, p = .048, η2p = .036], with IPV 
perpetrators only showing lower levels of sOXT than controls 40 min 
after the post-empathic induction task (IPV perpetrators, M = 4.42, SE 
=0.91; control group, M = 4.90, SE =0.55; t (46.8) = − 2.48, p = .017) 
(see Fig. 2). 

Additionally, IPV perpetrators differed in the magnitude of the sOXT 
response (AUCi) compared to controls (IPV perpetrators, M = − 16.75, 
SE = 60.84; control group, M = 18.63, SE = 68.05; t (60) = − 2.15, 
p = .035), with IPV perpetrators presenting lower sOXT AUCi than 
controls. However, the two groups did not differ in the total magnitude 
of the sOXT levels (AUCg) (IPV perpetrators M = 462.35, SE = 53.61; 

control group, M = 474.19, SE = 35.99; t (50.3) = − 1.01, p = .315). 

3.4. Mood state response to the empathic induction task 

With regard to mood state, a significant “time” effect (ε = 0.737, F 
(1.5, 87.7) = 12.990, p = .000, η2

p = .178) was found. Specifically, the 
mood state total score increased significantly from baseline to the post- 
empathic induction task (M = 99.95, SE = 15.9; M = 106.11, SE = 16.5, 
t (61) = − 3.455, p = .001). Afterwards, the mood state total score 
decreased again from the post-empathic induction task levels to the 60’ 
recovery period (M = 106.11, SE = 16.5; M = 98.1, SE = 15.64, t (61) 
= − 3.893, p = .000). Furthermore, there was a significant "time 
× group" effect (ε = 0.737, F (1.5, 87.7) = 7.159, p = .001, η2

p = .107), 
with IPV perpetrators showing low negative mood state after the 
empathic induction task compared to the control group (M = 101.5, SE 
= 14.46; M = 110.4, SE = 17.36, t (61) = − 2.179, p = .033) (Fig. 3). 

Regarding change scores (post-empathic induction task minus 
baseline), IPV perpetrators also differed in the mood state response to 
the empathic induction task compared to controls (IPV perpetrators, M 
=0.83, SE = 13.28; control group, M = 11.16, SE = 13.03; t (60) 
= − 3.08, p = .003), with IPV perpetrators presenting smaller changes in 
negative mood state than controls. 

3.5. Relationships between the psychological variables and sOXT levels 

With regard to the relationship between the psychological variables 
and sOXT, after controlling the group effect, partial correlation analysis 
showed that there were no significant correlations between the negative 
mood state response (r = 0.073, p = .578), the perceived character’s 
affective valence (r = − 0.062, p = .635), the perceived character’s af
fective arousal (r = 0.014, p = 914), or the TAS-20 scores (r = − 0.076, 
p = .561) and the sOXT AUCi levels. Nevertheless, the mood state 
response (r = 0.289, p = .024), the perceived character’s affective 
arousal (r = 0.278, p = .030), and the TAS-20 total score (r = − 0.348, 
p = .006) correlated significantly with the sOXT AUCg levels for the 
whole sample, but not with the perceived character’s affective valence 
(r = 0.079, p = .543). 

3.6. Predictive effects of the psychological variables on sOXT levels after 
the empathic laboratory task 

We carried out a linear regression model with the negative mood 
state response (change score), the perceived character’s affective 
arousal, and the total score on the TAS-20 as predictors of sOXT AUCg. 
As a result, the model predicted 21.9% of the sOXT AUCg after the 
empathic induction task (adj R2 =.219, F (3, 61) = 6.700, p = .001). The 
association was significant for the negative mood state response 
(β = 0.305, p = .010) and alexithymia (β = − 0.369, p = .003). Specif
ically, the higher the change in the negative mood state response and the 
lower the alexithymia traits, the higher the levels of sOXT. However, no 
significant association was found for perceived affective character 
arousal (β = 0.134, p = .262). 

3.7. Prosocial behavior and response to the empathic laboratory task 

Finally, despite not finding a significant main effect of "group" on the 
AUCg [F (1, 62) = 0.590, p = .446, η2

p = .010] or “group × donation” 
[F (1, 62) = 0.000, p = .992, η2

p = .000], we did find a significant main 
effect of "donation" on the AUCg of the sOXT levels [F (1, 62) = 6.239, 
η2

p = .015, n = 0.097]. Thus, donors showed higher sOXT AUCg levels 
after the empathic induction task compared to non-donors (Donors, M =
510.32, SE = 43.77; and non-donors, M = 463.97, SE = 43.57; t (60) 
= 2.475, p = .015). 

Table 2 
Means, standard deviations, percentages, and means comparisons for socio- 
demographic and psychological variables for all groups.   

IPV 
(n = 30) 

Controls 
(n = 32) 

t-test independent 
samples 

Age (M, SD) 39.63 
(10.27) 

37.66 
(13.37) 

-0.99 

BMI (M, SD) 26.40 
(6.25) 

25.38 (2.83) - 1.58 

Alcohol consumption (M, 
SD) 

7.43 (8.40) 5.64 (4.25) 1.02 

Alexithymia (M, SD) 40.83 
(17.96) 

29.34 
(12.99) 

2.87 * *    

Chi-Square 
Prosocial Behavior (%) 

Donation 
No donation 

23 
77 

19 
81 

.89 

Marital status (%) 
Married 
Single/Divorced/ 

Widowed 

53 
47 

50 
50 

.70 

Level of education (%) 
No studies 
Primary 
Upper secondary/ 

vocational training 
University 

3 
40 
43 
14 

0 
28 
38 
34 

4.68 

Annual Income (%) 
Low Income 
Medium Income 
High Income 

37 
53 
10 

25 
56 
19 

1.53 

Note: IPV: Intimate Partner Violence; Statistical significance *p < .05, **p < .01 
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4. Discussion 

4.1. Discussion of the main results 

Our study revealed differences in the sOXT response of IPV perpe
trators to an empathic induction task compared to a control group, 
showing lower sOXT levels specifically 40 min after the empathic in
duction task, with a decreasing tendency in their sOXT levels after the 
task (AUCi). IPV perpetrators also perceived others’ emotions as more 
positive and less intense and exhibited no change in their mood state 
after the task. For the whole sample, we observed a positive relationship 
between the AUCg of sOXT levels and the mood state response and 
perceived affective arousal, and a negative relationship with alex
ithymia. Afterwards, the regression model showed that the mood state 
response and alexithymia also predicted the AUCg of sOXT levels for the 
whole sample. Finally, we did not observe any differences in performing 
prosocial behaviors between IPV perpetrators and controls. However, a 
univariate ANOVA indicated that a greater AUCg of sOXT levels was 
found after the empathic induction task in subjects who engaged in 
prosocial behavior. 

The first main objective of this study was to analyze whether IPV 
perpetrators and controls differ on baseline sOXT levels and alexithymia 
traits. As we expected based on previous literature (Hurlemann and 
Grinevich, 2018; Romero-Martínez et al., 2019c, 2021), the groups did 
not differ on their baseline sOXT levels, but IPV perpetrators presented 
higher alexithymia than controls. It is also relevant to note that, contrary 
to our expectations, IPV perpetrators seemed to exhibit higher baseline 
sOXT levels than the control group, although the results were not sta
tistically significant. 

The second objective of this study was to analyze whether the sOXT 
response of IPV perpetrators to an empathic induction task differed from 
the response of the control group. Past research has related higher sOXT 
levels to enhanced social cognition, and evidence has been provided for 
an increase in sOXT following an empathic induction task in normative 
populations (Barraza and Zak, 2009; Procyshyn et al., 2020). However, 
difficulties with socio-affective functions and lower sOXT levels have 
been suggested in men with aggressive behaviors (Demirci et al., 2016; 
Levy et al., 2015). Thus, we expected an increase in sOXT levels 
throughout the sample in response to the task, but this increase would be 
attenuated in the case of IPV perpetrators. Contrary to our expectations, 

Fig. 2. sOXT response to the empathic induction task. Note: IPV: Intimate Partner Violence; Statistical significance *p < .05, * *p < .01.  

Fig. 3. Mood state response to the empathic induction task. Note: IPV: Intimate Partner Violence; Statistical significance *p < .05, * *p < .01.  
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there was no response in any of the sOXT levels when we considered the 
entire sample. Nevertheless, we observed an increase in sOXT levels 
from the pre-task periods to 40 min after the task only in the control 
group, and we found lower sOXT levels 40 min after the task in IPV 
perpetrators compared to controls. Furthermore, we observed a 
decreasing trend in the AUCi from baseline to 60 min after the empathic 
induction task in IPV perpetrators, in contrast to the control group, 
which exhibited an increasing tendency. 

Prior research has proposed that humans with aggressive behaviors 
differ from healthy young adults with respect to their sOXT system 
(Hurlemann and Grinevich, 2018). It has been hypothesized that 
reduced peripheral and central OXT levels (which may reflect a 
"hypo-oxytocinergic state") could be related to and even predict 
aggression due to difficulties in processing socio-affective information 
(Malik et al., 2012). Our results could suggest a lack of sOXT response 
after an empathic induction task in IPV perpetrators, given that the 
control group showed an increase, albeit subtle, in their sOXT levels 
40 min after the task, with an increasing trend, whereas it was 
decreasing in IPV perpetrators. This peak value of sOXT after exposure 
to an empathic induction task seems congruent with previous studies in 
this field. In this regard, the use of different laboratory tasks (e.g., to 
running, sexual self-stimulation, breastfeeding, video-exposure, among 
others) in normative populations revealed a maximum peak in sOXT 
from 15 to 90 min after these tasks (de Jong et al., 2015; Ooishi et al., 
2017; Procyshyn et al., 2020). However, another study pointed out an 
immediate change in pOXT levels after exposure to video content 
(Barraza and Zak, 2009). Moreover, Procyshyn et al. (2020) also found 
an immediate increase in sOXT after video exposure, and so further 
research is needed to clarify the variations in sOXT in response to spe
cific tasks. Notably, IPV perpetrators showed higher basal sOXT levels. 
Indeed, a growing number of studies have indicated that high OXT levels 
may activate negative cognitions in individuals with an anxious 
attachment style (Bartz et al., 2010), a predominant attachment style in 
IPV perpetrators (Genest and Mathieu, 2014). In this regard, Levy et al. 
(2015) found that an anxious attachment style was more related to a 
fight or flight model, broadly related to aggression, rather than a "ten
d-and-befriend" model, an OXT-based model related to empathic re
sponses in times of elevated distress (Taylor et al., 2000). Therefore, 
although these results should be viewed with caution, they do not run 
counter to the "hypo-oxytocinergic state hypothesis" in the violent 
population (Hurlemann and Grinevich, 2018). In fact, they may point to 
a possible hypo-oxytocinergic response to important socio-affective 
functions of social cognition, such as empathy, in this population. 

Additionally, we sought to explore the participants’ negative mood 
state response to the empathic induction task, as well as their capacity to 
perceive other people’s emotions. IPV perpetrators have previously been 
linked to difficulties in emotional perspective taking and higher personal 
distress (Covell et al., 2007). Therefore, we expected them to exhibit a 
diminished affective and cognitive approach to the character’s 
emotional state. Congruently, IPV perpetrators did not show any change 
in their mood state from pre-task to post-task mood state total scores, 
unlike the control group, which exhibited worse mood comparable to 
the character’s emotional state. Furthermore, IPV perpetrators also 
rated the character’s emotional state as less intense and with higher 
positive affect than the control group. 

Past research has suggested that specific alterations in the ability to 
decode and experience emotions may make IPV perpetrators prone to 
domestic violence (Romero-Martínez et al., 2019c). In this regard, IPV 
perpetrators have been seen to exhibit a different pattern of emotional 
processing, displaying lower activation when they were required to 
experience emotions in situations of IPV (Marín-Morales et al., 2021). In 
line with these studies, our findings may reflect a poor affective 
approach to the characters’ emotional states (Barraza and Zak, 2009), 
suggesting difficulties when responding to the feelings of others (Mar
ín-Morales et al., 2021). Additionally, IPV perpetrators’ ratings could 
indicate difficulties in cognitive processes, such as making inferences 

about others’ emotional states, given that the subjects of the videos were 
people experiencing violence, and a particularly negative and intense 
perspective taking was expected. Together, these results appear to sug
gest difficulties with the perception of others’ emotional states in the 
case of IPV perpetrators, as well as an impoverished mood state response 
to people undergoing negative emotions (Shamay-Tsoory, 2011), indi
cating potential empathic impairments in IPV perpetrators. 

Regarding the third objective of this study, we proposed that the 
sOXT response would be related to the socio-affective variables (Pro
cyshyn et al., 2020). Contrary to our expectations, the AUCi of the sOXT 
levels was unrelated to the mood state response, the perception of 
others’ emotional state, or alexithymia. However, the AUCg of sOXT 
levels did correlate with a greater mood state response, with a more 
intense perception of the character’s emotional state and lower alex
ithymia traits. These findings are of particular relevance because they 
suggest a relationship between higher sOXT levels and a greater un
derstanding of one’s own emotions, greater insight into the emotional 
state of others, and a more accurate emotional response to that 
emotional state, not only in IPV perpetrators. Furthermore, our results 
seem to indicate that these psychological variables could be more 
related to the total levels of sOXT rather than to changes in sOXT, 
highlighting the possibility of an OXT threshold that may favor 
socio-affective functions such as empathy. However, the literature on 
sOXT and its response to socio-affective functions is scarce (Hurlemann 
and Grinevich, 2018). 

We also aimed to explore the predictive capabilities of these psy
chological variables in sOXT after the empathic induction task. Consis
tently, the mood state response and alexithymia predicted the AUCg of 
sOXT levels for the whole sample. As noted, alexithymia traits imply 
poorer emotional processing and response, and these two functions, in 
turn, have been shown to be necessary for empathy (Lyvers et al., 2018). 
Thus, it seems logical that an adequate emotional response and 
comprehension potentially explains lower sOXT levels after an empathic 
induction task, given its relevance in the salience of socio-affective in
formation, and it suggests that the differences found in this study could 
be better understood based on the higher alexithymia scores reported in 
IPV perpetrators (Romero-Martínez et al., 2019a, 2019b, 2019c, 2019d, 
2019e). Prior research provided evidence of a positive relationship be
tween the mood state response and the changes experienced in periph
eral pOXT (Barraza and Zak, 2009). Moreover, an inverse relationship 
between alexithymia and pOXT levels has been observed (Schmelkin 
et al., 2017). Therefore, our findings seem to be consistent with this 
literature, and they suggest that changes in the mood state and alex
ithymia may predict the levels of sOXT after an empathic induction task. 

Finally, we investigated the difference in the performance of proso
cial behavior between the IPV group and the control group, as well as the 
difference in sOXT levels after the empathic induction task between 
those who perform prosocial behavior and those who do not. We ex
pected to find a greater sOXT response in the most prosocial subjects, 
regardless of whether they were IPV perpetrators or not (Marsh et al., 
2015). As expected, IPV and controls showed similar prosocial behavior 
when making a donation. However, the participants who performed a 
prosocial behavior exhibited a greater AUCg of sOXT levels after the 
empathic laboratory task than those who did not, and no interaction 
effect between these two factors was found. Traditionally, violent 
behavior and prosocial behavior have been conceptualized as mutually 
exclusive (Marsh, 2019). However, this hypothesis is far from conclusive 
(Llorca-Mestre et al., 2017), and, currently, prosocial behavior has been 
related more to an effective functioning of empathy, whereas difficulties 
in empathy could be linked to violent behavior (Moya-Albiol, 2018; 
Romero-Martínez et al., 2019a, 2019b, 2019c, 2019d, 2019e). Hence, 
our results link the occurrence of prosocial behaviors to higher sOXT 
levels. This outcome may be relevant because sOXT levels have been 
related to understanding one’s own emotions and to an appropriate 
emotional response to others’ emotions, highlighting the importance of 
these variables in the occurrence of prosocial behavior. 
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4.2. Limitations and future research 

To the best of our knowledge, this is the first study to focus on the 
sOXT response to a naturally induced empathic task in IPV perpetrators. 
Nonetheless, it has some limitations. First, a limitation of our study is the 
relatively small sample size. This limitation may be due to the difficulty 
of having access to the sample. Typically, men convicted of gender- 
based violence show strong initial resistance to the intervention, and 
this translates into a refusal to participate in the experimental phase 
(Santirso et al., 2020). A second limitation of our study may be the 
methodology used to elicit hormonal changes. Although recent studies 
have employed this empathic induction task to examine sOXT responses 
(Barraza and Zak, 2009; Procyshyn et al., 2020), some authors have 
indicated that empathic induction using social psychological methods 
could be characterized by higher ecological validity (Cabral et al., 
2018). However, others have defended the efficacy of empathic induc
tion tasks using emotional videos (Gilman et al., 2017). Moreover, it 
should be kept in mind that some authors have proposed that emotion 
recognition deficits in IPV perpetrators are limited to intimate partners 
(Marshall and Holtzworth-Munroe, 2010), whereas other studies 
revealed that IPV perpetrators presented a generalized emotion decod
ing ability impairment (Romero-Martínez et al., 2016b, 2019c). There
fore, these results are congruent or not with models such as the 
tend-and-befriend theoretical model or polyvagal theory. Another lim
itation could be the absence of a baseline measure of empathic abilities 
to assess their role when participants cope with this laboratory pro
cedure (e.g., sOXT changes and/or levels). Finally, another limitation 
could be the fact that other relevant hormones for social cognition, such 
as testosterone and cortisol, were not taken into account (Procyshyn 
et al., 2020). 

Further research is needed to elucidate the mechanisms that connect 
sOXT with socio-affective functions, encompassing not only the response 
to negative affect, but also to positive affect. In addition, it would be 
necessary to add measurements of sOXT after the prosocial laboratory 
task to provide more information about the possible differences between 
sOXT levels in individuals who exhibited prosocial behaviors and those 
who did not. Furthermore, it would be pertinent to explore the inter
action of OXT with other hormones that are important for social 
cognition, such as testosterone and cortisol, because hormonal action is 
highly complex. Finally, extending the results of this study to other vi
olent populations would increase the knowledge about the specific 
therapeutic needs of each of these populations. Therefore, given that 
difficulties in the socio-affective domain have been shown to be a 
convergent risk factor in IPV perpetrators, integrating the reinforcement 
of individual and contextual tools that enhance the correct functioning 
of empathy could increase the efficiency of intervention programs for 
men convicted of gender violence. 

4.3. Conclusion 

These results show, from the Biopsychosocial Model perspective, that 
IPV perpetrators may exhibit difficulties when responding to an 
empathic induction task. In addition, it appears that IPV perpetrators do 
not have an inability to perform prosocial behaviors, but risk factors 
such as an inadequate emotional response and poor emotional 
comprehension may hinder the empathic function (Moya-Albiol and 
Romero-Martínez, 2020). In sum, these results propose the existence of a 
bidirectional relationship between OXT and socio-affective functions, 
where OXT can change social behavior and, in turn, OXT levels can be 
changed in response to social stimuli. Thus, intervention programs, 
along the lines of the Good Lives model (Santirso et al., 2020), should 
focus not only on minimizing risk factors, but also on supporting pro
tective factors (e.g., enhancing empathy), de-stigmatizing the violent 
population as incapable of being prosocial. In this regard, the analysis of 
sOXT seems pertinent for a holistic understanding of the empathic 
response; therefore, future research in this line seems relevant. 
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Böckler, A., Tusche, A., Singer, T., 2016. The structure of human prosociality: 
differentiating altruistically motivated, norm motivated, strategically motivated, and 
self-reported prosocial behavior. Soc. Psychol. Personal. Sci. 7 (6), 530–541. https:// 
doi.org/10.1177/1948550616639650. 

Bradley, M.M., Lang, P.J., 1994. Measuring emotion: the self-assessment manikin and the 
semantic differential. J. Behav. Ther. Exp. Psychiatry 25 (1), 49–59. https://doi.org/ 
10.1016/0005-7916(94)90063-9. 

Brem, M.J., Florimbio, A.R., Elmquist, J., Shorey, R.C., Stuart, G.L., 2018. Antisocial 
traits, distress tolerance, and alcohol problems as predictors of intimate partner 
violence in men arrested for domestic violence. Psychol. Violence 8 (1), 132. https:// 
doi.org/10.1037/vio0000088. 

Cabral, J.C.C., Tavares, P.D.S., Weydmann, G.J., das Neves, V.T., de Almeida, R.M.M., 
2018. Eliciting negative affects using film clips and real-life methods. Psychol. Rep. 
121 (3), 527–547. https://doi.org/10.1177/0033294117730844. 

Carter, C.S., Pournajafi-Nazarloo, H., Kramer, K.M., Ziegler, T.E., WhiteTraut, R., 
Bello, D., Schwertz, D., 2007. Oxytocin: behavioral associations and potential as a 
salivary biomarker. Ann. N.Y. Acad. Sci. 1098 (1), 312–322. https://doi.org/ 
10.1196/annals.1384.006. 

Covell, C.N., Huss, M.T., Langhinrichsen-Rohling, J., 2007. Empathic deficits among 
male batterers: a multidimensional approach. J. Fam. Violence 22 (3), 165–174. 
https://doi.org/10.1007/s10896-007-9066-2. 

Crespi, B.J., 2016. Oxytocin, testosterone, and human social cognition. Biol. Rev. 91 (2), 
390–408. https://doi.org/10.1111/brv.12175. 

Daughters, K., Manstead, A.S., Hubble, K., Rees, A., Thapar, A., van Goozen, S.H., 2015. 
Salivary oxytocin concentrations in males following intranasal administration of 
oxytocin: a double-blind, cross-over study. PLoS One 10 (12), e0145104. https://doi. 
org/10.1371/journal.pone.0145104. 

Demirci, E., Ozmen, S., Kilic, E., Oztop, D.B., 2016. The relationship between aggression, 
empathy skills and serum oxytocin levels in male children and adolescents with 
attention deficit and hyperactivity disorder. Behav. Pharmacol. 27 (8), 681–688. 
https://doi.org/10.1097/FBP.0000000000000234. 

DeWall, C.N., Gillath, O., Pressman, S.D., Black, L.L., Bartz, J.A., Moskovitz, J., Stetler, D. 
A., 2014. When the love hormone leads to violence: oxytocin increases intimate 

J. Comes-Fayos et al.                                                                                                                                                                                                                           

https://doi.org/10.1016/0022-3999(94)90005-1
https://doi.org/10.1111/j.1749-6632.2009.04504.x
https://doi.org/10.1111/j.1749-6632.2009.04504.x
http://refhub.elsevier.com/S0306-4530(21)00518-7/sbref3
http://refhub.elsevier.com/S0306-4530(21)00518-7/sbref3
http://refhub.elsevier.com/S0306-4530(21)00518-7/sbref3
https://doi.org/10.1007/s12671-020-01316-7
https://doi.org/10.1002/smi.2942
https://doi.org/10.1177/1948550616639650
https://doi.org/10.1177/1948550616639650
https://doi.org/10.1016/0005-7916(94)90063-9
https://doi.org/10.1016/0005-7916(94)90063-9
https://doi.org/10.1037/vio0000088
https://doi.org/10.1037/vio0000088
https://doi.org/10.1177/0033294117730844
https://doi.org/10.1196/annals.1384.006
https://doi.org/10.1196/annals.1384.006
https://doi.org/10.1007/s10896-007-9066-2
https://doi.org/10.1111/brv.12175
https://doi.org/10.1371/journal.pone.0145104
https://doi.org/10.1371/journal.pone.0145104
https://doi.org/10.1097/FBP.0000000000000234


Psychoneuroendocrinology 137 (2022) 105644

9

partner violence inclinations among high trait aggressive people. Soc. Psychol. 
Personal. Sci. 5 (6), 691–697. https://doi.org/10.1177/1948550613516876. 

Di Tella, M., Adenzato, M., Catmur, C., Miti, F., Castelli, L., Ardito, R.B., 2020. The role 
of alexithymia in social cognition: evidence from a non-clinical population. J. Affect. 
Disord. 273, 482–492. https://doi.org/10.1016/j.jad.2020.05.012. 

Fernández-Megías, C., Pascual, J.M., Soler, J.R., Fernández-Abascal, E.G., 2011. Spanish 
validation of an emotion-eliciting set of films. Psicothema 23 (4), 778–785. 

Finkel, E.J., Hall, A.N., 2018. The I3 model: a metatheoretical framework for 
understanding aggression. Curr. Opin. Psychol. 19, 125–130. https://doi.org/ 
10.1016/j.copsyc.2017.03.013. 
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Nacional de Psicología de la Actividad Física y el Deporte (pp. 29–39). 

Genest, A.A., Mathieu, C., 2014. Intimate partner violence: the role of attachment on 
men’s anger. Partn. Abus. 5 (4), 375–387. https://doi.org/10.1891/1946- 
6560.5.4.375. 

Geng, Y., Zhao, W., Zhou, F., Ma, X., Yao, S., Hurlemann, R., Kendrick, K.M., 2018. 
Oxytocin enhancement of emotional empathy: generalization across cultures and 
effects on amygdala activity. Front. Neurosci. 12, 512. https://doi.org/10.3389/ 
fnins.2018.00512. 

Gilman, T.L., Shaheen, R., Nylocks, K.M., Halachoff, D., Chapman, J., Flynn, J.J., Matt, L. 
M., Coifman, K.G., 2017. A film set for the elicitation of emotion in research: a 
comprehensive catalog derived from four decades of investigation. Behav. Res. 
Methods 49, 2061–2082. https://doi.org/10.3758/s13428-016-0842-x. 

Gracia, E., Rodriguez, C.M., Lila, M., 2015. Preliminary evaluation of an analog 
procedure to assess acceptability of intimate partner violence against women: the 
partner violence acceptability movie task. Front. Psychol. 6, 1567. https://doi.org/ 
10.3389/fpsyg.2015.01567. 
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Lila, M., Gracia, E., Catalá-Miñana, A., 2018. Individualized motivational plans in 
batterer intervention programs: a randomized clinical trial. J. Consult. Clin. Psychol. 
86 (4), 309. https://doi.org/10.1037/ccp0000291. 

Llorca-Mestre, A., Malonda-Vidal, E., Samper-García, P., 2017. Prosocial reasoning and 
emotions in young offenders and non-offenders. Eur. J. Psychol. Appl. Leg. Context 9 
(2), 65–73. https://doi.org/10.1016/j.ejpal.2017.01.001. 

Lyvers, M., McCann, K., Coundouris, S., Edwards, M.S., Thorberg, F.A., 2018. 
Alexithymia in relation to alcohol use, emotion recognition, and empathy: the role of 
externally oriented thinking. Am. J. Psychol. 131 (1), 41–51. https://doi.org/ 
10.5406/amerjpsyc.131.1.0041. 

MacLean, E.L., Gesquiere, L.R., Gee, N., Levy, K., Martin, W.L., Carter, C.S., 2018. 
Validation of salivary oxytocin and vasopressin as biomarkers in domestic dogs. 
J. Neurosci. Methods 293, 67–76. https://doi.org/10.1016/j.jneumeth.2017.08.033. 

Malik, A.I., Zai, C.C., Abu, Z., Nowrouzi, B., Beitchman, J.H., 2012. The role of oxytocin 
and oxytocin receptor gene variants in childhood-onset aggression. Genes Brain 
Behav. 11 (5), 545–551. https://doi.org/10.1111/j.1601-183X.2012.00776.x. 
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