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Abstract: Background: Only a few studies have paid attention to the ability of perpetrators of inti-

mate partner violence (IPVAW) against women to cope with acute stress, including hormonal pa-

rameters. In fact, previous studies assessed how salivary testosterone (Tsal) and cortisol (Csal) 

changed after coping with an acute emotional stressor (directly related to IPVAW), and they con-

cluded that an imbalance between the two hormones might be characteristic of these men. Never-

theless, they neglected to examine the role of other hormones, such as salivary oxytocin (OXsal), 

which also seemed to play an important role in behavioral regulation, and whether this response 

could be generalized to other types of stress not directly related to IPVAW. Methods: This study 

aims to assess whether IPVAW perpetrators (n = 19) present differential hormonal (Tsal, Csal, OXsal 

and their ratios) and psychological state (anxiety, anger, and general affect) responses when coping 

with an acute cognitive laboratory stressor (a set of neuropsychological tests performed in front of 

an expert committee) in comparison with non-violent men (n = 16). This quasi-experimental study 

also assessed whether the psychological state variables drive this different hormonal response. Re-

sults: Our results revealed that IPVAW perpetrators had lower Csal and higher Tsal/Csal ratio levels 

during the post-task period, as well as higher total levels (average) of OXsal than controls. We also 

found that, only in IPVAW perpetrators, high levels of baseline anxiety and negative affect were 

related to high rises in Csal during the stress task. Conclusions: These data present a background 

showing that IPVAW perpetrators and non-violent men cope differently with stress. These findings 

might help to identify idiosyncratic profiles of IPVAW perpetrators that can then be employed to 

establish their therapeutic needs. Moreover, we reinforced the importance of combining biological 

markers with self-reports, thus increasing the reliability of these forensic assessments. 
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1. Introduction 

In recent years, numerous researchers have highlighted the importance of including 

biological markers to obtain a broader comprehension of violence and categorize different 

profiles of violent individuals in order to design better interventions to reduce violence 

proneness [1]. However, it is necessary to be cautious about their interpretation and con-

sider other macro-level factors along with these individual-level factors, including biolog-

ical markers [2,3]. Thus, criminologists currently employ neuroimaging to understand 

brain correlates of violence proneness. Nevertheless, there are other biological markers 

that are easier to collect than neuroimaging techniques and also offer valuable infor-

mation about violence [4]. For example, hormonal parameters, assessed in blood and/or 

saliva, are relatively easy to collect and analyze. These chemical messengers are released 
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by hormonal glands influencing the nervous system to regulate body physiology and, 

consequently, influencing human behavior [5,6]. 

Among violent individuals, there is a growing interest in studying biological corre-

lates that might explain the perpetration of intimate partner violence against women 

(IPVAW), as well as the consequences for victims’ health [7]. Obviously, these biological 

correlates should be considered along with other variables, such as psychological, social, 

and environmental variables to explain IPVAW, which have been proposed as important 

moderators of IPV perpetration [2,3]. 

In fact, research assessing IPVAW perpetrators could be divided into two relatively 

distinct lines. Most studies have been dedicated to employing basal hormonal levels, spe-

cifically salivary testosterone (Tsal) and cortisol (Csal), as a ‘trait’ related to violence 

proneness in IPVAW perpetrators [8–12], with higher Tsal levels normally being related 

to low marital quality and high violence. Moreover, high Tsal and low Csal levels, as well 

as a high Tsal/Csal ratio, have been associated with personality traits such as borderline, 

antisocial, or narcissistic personalities, which subsequently explained the risk of being in-

volved in antisocial situations such as drug misuse or IPVAW recidivism [12–14]. Unfor-

tunately, these studies had an important methodological limitation. That is, researchers 

only collected a single sample during a day, which entailed low reliability of the hormone 

measurements. This is explained, at least in part, by the fact that Tsal and Csal levels tend 

to fluctuate across a day (circadian pattern) and seasonally. Furthermore, these hormones 

are affected by daily stressors [6]. Therefore, the association between hormones and per-

sonality traits, although significant, would be spurious and/or relatively questionable. 

The other line of research has tried to solve the low reliability of hormonal measure-

ments by testing dynamic endocrine functioning, continuously collecting saliva samples 

during laboratory stress tasks. Two studies assessed whether IPVAW perpetrators’ Tsal 

and Csal responses to an emotional stressor related to IPVAW (talking about their crimi-

nal records and their opinion of the IPVAW law) along with another purely cognitive task 

(an arithmetic task) differ from non-violent men’s responses to this task. These studies 

found significant hormonal differences between groups at specific moments [15–17]. Even 

though the Tsal response to the stress task was similar for both groups, IPVAW perpetra-

tors presented higher levels of Tsal during the preparatory period and immediately after 

the stress task. Moreover, the Csal levels of the IPVAW perpetrators did not vary across 

the stress task, unlike controls, who experienced variations in their Csal levels [16,17]. 

They also found group differences after calculating the quotient between the Tsal and Csal 

levels. In this regard, it seems that the higher the differences between the levels of the 

previously mentioned hormones (imbalance), the higher the anger proneness would be 

[15]. Nevertheless, the imbalance between these hormones does not directly impact be-

havior. In fact, it could interfere in violence proneness by affecting emotional processing. 

For example, it seems that the increase in endogenous testosterone (T) levels might reduce 

the accuracy in general emotion processing, whereas cortisol (C) and Oxytocin (OX) tend 

to enhance emotional processing accuracy. Moreover, it has been previously established 

that increases in T enhance accuracy for angry faces, but OX diminishes accuracy for this 

emotion [18]. 

Recently, it was suggested that a neuropeptide known as oxytocin plays an important 

role in facilitating prosocial behaviors such as love, bonding parenting, and violence, 

among others [19]. Furthermore, this hormone seems to interact with T and C [18]. Thus, 

even though animal and human studies initially concluded that higher levels of these hor-

mones are related to prosocial behaviors, a large number of manuscripts have reported 

exactly the opposite result, or even an absence of significant results beyond prosociality 

[19,20]. In any case, the interactions between these hormones might modulate approach-

ing or avoiding violence, obviously interacting with or being modulated by other non-

hormonal variables [18–21]. Hence, it would be useful to assess how these hormonal var-

iables interact by calculating statistical associations and/or the quotients between hormo-

nal levels [22]. 
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Regarding IPVAW perpetrators, only two studies have assessed how oxytocin is re-

lated to IPVAW perpetration in laboratory contexts. The first study concluded that ad-

ministration of OX only increased IPVAW proneness and arguments with their partners 

in highly physically violent individuals [23]. However, a later study that employed the 

same procedure failed to report variations in IPVAW proneness in men after OX admin-

istration [24]. Moreover, this study incorporated the Csal response into this laboratory 

task to assess whether it interacts with OX variations. However, they did not find any 

significant interactions between these hormones in men. Unfortunately, these studies ne-

glected to include a non-violent control group or, more importantly, the interaction be-

tween salivary OX (OXsal) and Tsal and Csal in laboratory sessions unrelated to IPVAW. 

Because previous literature in this field employed laboratory tasks related to IPVAW, 

which might be an emotionally biased task for IPVAW perpetrators [14–16], we decided 

to employ a stressor that affects all participants equally (performing a set of neuropsycho-

logical tests in front of a committee of experts who provide feedback about their perfor-

mance), thus avoiding any emotionally biased topics for both groups. This acute labora-

tory stress task has demonstrated its usefulness in promoting salivary hormonal and psy-

chophysiological variations in several groups of non-violent and violent individuals, in-

cluding IPVAW perpetrators [25–29]. 

To address this gap in the literature, this study aimed to explore whether Tsal, Csal 

and Oxsal responses of IPVAW perpetrators, as well as their ratios (quotients between 

different hormonal levels), to an acute laboratory stressor differ from those of non-violent 

men. Based on previous scientific evidence with IPVAW perpetrators in response to acute 

stress [14–16,21,22,27], as well as interactions between the hormones described above [15–

17], we hypothesized that IPVAW perpetrators would present higher Tsal and Tsal/Csal 

ratios as well as lower Csal and OXsal than controls in response to an acute validated 

stressor. Additionally, this study investigated the potential relationship between the pre-

viously mentioned hormones and affective states in response to acute stress. Based on 

previous results, heightened negative affect is related to high Tsal levels [14,15]. For this 

reason, we expected that, in both groups, negative affect would be positively related to 

baseline Tsal and negatively to Csal and OXsal. 

2. Materials and Methods 

2.1. Participants 

From an initial sample of 50 healthy men who initially agreed to participate in the 

study, only 40 participants were included in the statistical analysis because 10 refused to 

provide biological samples. In fact, we removed five participants (one IPVAW perpetrator 

and four controls) because they were outliers (>2.5 SD from group mean) for Csal and Tsal 

(19 IPVAW perpetrators and 16 controls) (see Table 1). The IPVAW volunteers come from 

the CONTEXTO psycho-educational and community-based treatment program at the 

University of Valencia. This intervention was designed for men convicted of IPVAW. 

These men received a suspension of their sentence on the condition that they attend this 

intervention. Nevertheless, to receive this suspension, it is necessary to have a sentence of 

less than two years and no previous criminal record directly related to IPVAW or other 

kinds of criminal acts [30]. Volunteers were screened to include only those participants 

without physical (e.g., strokes, chronic pain, traumatic brain injuries…) or mental disor-

ders or drug misuse (lower scores than cutoff scores on the Alcohol Use Disorders Identi-

fication Test for alcohol and the Severity Dependence Scale for cannabis and cocaine [31–

33]. Moreover, we also screened for personality disorders by applying the MILLON-III. In 

fact, all the included participants scored below 35 on antisocial, narcissistic, and/or bor-

derline disorders [34]. 

Regarding controls, we posted advertisements for male volunteers in the province of 

Valencia. We provided a telephone number and an email address to contact us. After ex-

pressing interest in participating in our study, we screened for participants with similar 
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anthropometric and demographic characteristics to those of the IPVAW perpetrators, that 

is, an absence of physical or mental disorders and drug misuse. Moreover, it was also 

necessary to present an official certificate showing the absence of a criminal record. Lastly, 

we also included those volunteers with a score below 1 on psychological abuse and phys-

ical assault on conflict tactics [35,36]. 

Table 1. Means (Standard Deviations), Percentages, and Means Comparisons for Anthropometric (age and body mass 

index) and Demographic Variables in All Groups. 

 
IPVAW Perpetrators 

(n = 19) 

Controls 

(n = 16) 

T-Test/ 

Chi-Square 

Significance  

(p Value) 

Age (M, SD) 39.68 (10.24) 41.43 (8.39) −0.55 0.588 

Body mass index 24.66 (3.73) 27.25 (6.86) −1.41 0.165 

Marital status (%)     

Married 11 25 
1.28 0.351 

Single, divorced or separated 89 75 

Level of education (%)     

Primary/lower secondary 79 56 

3.38 0.185 Upper secondary/vocational training 21 31 

University - 13 

Employment status (%)     

Employed 84 63 
2.14 0.245 

Unemployed 16 37 

Number of offspring (M, SD) 1.21 (1.22) 0.57 (0.63) 1.91 0.065 

After agreeing to participate in our study, volunteers signed an informed consent, 

which was elaborated according to the Helsinki Declaration and approved by the Univer-

sity of Valencia Ethics Committee (code: H1348835571691). 

2.2. Procedure 

Participants were initially screened in a telephone interview to analyze their suitabil-

ity for the study. Those who presented the appropriate profile completed a session in the 

psychobiology laboratories of the University of Valencia after signing the informed con-

sent. This session took place between 4:00 and 7:00 p.m., based on recommendations in 

previous literature to assess hormonal levels in the afternoon because Csal levels are rel-

atively stable [26]. Once participants had arrived at the laboratory, they were taken to a 

noise-insulated room with a constant temperature of 22 ± 1 °C. During the entire experi-

mental session, which lasted approximately 90 min, participants remained seated, and 

saliva samples were collected at specific ‘times’ (e.g., resting, preparatory, post-task, and 

+ 20 min post-task). Furthermore, their psychological state (specifically, positive and neg-

ative affect) was assessed before and after the stress task. 

To avoid potential biases in the topic employed as a stressor and based on previous 

research in this field [27,28,37–39], we decided to include a stress task consisting of a bat-

tery of neuropsychological tests in the following order: memory, attention, and executive 

functioning. Participants completed these tests in front of an audience consisting of two 

evaluators (a man and a woman). We provoked a socio-evaluative threat by offering feed-

back about their performance (e.g., “Could you try harder to do the tasks?”, “Can you just 

do that?”, “Is that all you can do?”, “Your colleagues scored higher on these tasks”, “We 

recommend that you try harder”, etc.). By offering constant, negative feedback during 

their performance, we promoted high socio-evaluative stress. As previously recom-

mended [37–39], we provided this feedback at specific moments, equally for all the indi-

viduals submitted to this stressor. Once participants had finished the stress task, they were 

asked several questions related to this task. Initially, they were asked about the level of 
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perceived stress, rated from 0 (absence) to 10 (extremely stressful). In the same way, they 

were asked about their level of satisfaction with their performance on the stress task, rated 

from 0 (dissatisfied) to 10 (highly satisfied). Lastly, we assessed whether participants 

thought their performance was explained by internal (e.g., personal effort and mental abil-

ities to solve neuropsychological tests) attribution of the outcome during the stress task, 

and scores ranged from 0 (low internal locus of control) to 10 (high internal locus of con-

trol). 

2.3. Psychological State Variables 

We employed the translated and validated version of the “State-Trait Anxiety Inven-

tory” (STAI-S) to assess state anxiety [40,41]. This test consists of a set of 20 items rated on 

a 4-point Likert scale. The reliability coefficients for this study were 0.65 and 0.73 for base-

line and post-task measures, respectively. 

State anger was measured by the State-Trait Anger Expression Inventory-2’ (STAXI-

2) [42], translated and validated in Spanish [43]. It consists of 15 items rated on a 4-point 

Likert-type scale (1 = ‘not at all’ to 4 = ‘very much so’). A total score was obtained by 

adding up the scores on each item. Cronbach’s alphas were 0.99 and 0.88 for baseline and 

post-task assessments, respectively. 

We employed the PANAS Scales of Positive and Negative Affect [44] as a measure of 

affectivity. This questionnaire consists of 20 items, half of them assessing positive affect 

and the other half negative affect. All of the items were rated on a 5-point Likert-type scale 

(1 = ‘not at all’ to 5 = ‘very much so’). Total positive and negative affect scores were calcu-

lated before and after the laboratory task. Cronbach’s alphas were 0.77 and 0.56 for posi-

tive affect baseline and post-task measures, respectively. Moreover, reliability was 0.63 

and 0.73 for negative affect baseline and post-task measures, respectively. 

2.4. Hormone Measurements 

We collected saliva directly from the mouth using Salivette devices for Csal and OX-

sal (Sarstedt, Rommelsdorf, Germany) and sterile glass tubes for Tsal samples. Partici-

pants were advised about the importance of avoiding brushing their teeth and eating or 

drinking stimulants two hours before the laboratory procedure. After collecting saliva 

samples always in the same order (first those for assessing Csal and OXsal, and then those 

for Tsal), the samples were frozen at −20 °C until posterior analysis. 

Csal and Tsal levels were assessed by the 96-well ELISA Kit (ab154996 for Csal and 

ab178655 for Tsal, Abcam, Cambridge, UK), whereas for OXsal the Oxytocin EIA kit (Ar-

bor Assays, Inc. Ann Arbor, MI, USA; ref: K048) was employed. Regarding assessment 

sensitivity, for the Csal ELISA Kit, it was 0.12 ng/mL, and for Tsal, it was 2.96 pg/mL. To 

measure Oxsal, saliva samples were initially lyophilized (Modulyo Freeze Dryers, 

Thermo Electron Corporation) for approximately 15 h and, afterwards, dehydrated. Then, 

they were reconstituted in 250 μL of assay buffer, which produced a concentration four 

times higher than the original. This allowed them to fall within the kit’s sensitivity range 

and be detectable on the standard curve. Neuropeptide cross-reactivity was reported by 

Arbor assays as <0.001%, and the detection limit was 11 pg/ml. Inter-trial and inter-trial 

CV averaged less than 10%. 

All hormonal levels were expressed in the same units (pg/mL), which allows us to 

calculate the ratio between them, that is, the quotients between Tsal, Csal, and OXsal 

(Tsal/Csal, Tsal/OXsal, and Csal/OXsal ratios). 

2.5. Data Analysis 

We employed Shapiro-Wilk tests to check whether the variables were normally dis-

tributed. Because most of the hormonal variables did not meet the assumption of normal-

ity (significance equal to or below 0.05), we decided to log-transform these variables. 

However, for the anthropometric (e.g., age and body mass index) and sociodemographic 
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variables and appraisal assessment, t-tests were conducted with Levene’s test for equality 

of variances and/or Chi square analyses to assess group differences. Cohen’s d was calcu-

lated to provide effect sizes for the between-group differences [45]. 

To explore hormonal and psychological state changes in response to the laboratory 

task, we performed repeated measures ANOVA with ‘time’ (baseline, preparatory, stress, 

and recovery) for hormones and ‘time’ (pre and post) for psychological variables as the 

within-subject factor and ‘group’ (IPVAW and controls) as the between-subject factor for 

the whole sample. Then, t-tests were performed as post-hoc tests for variables that yielded 

significant results. Greenhouse-Geisser corrections were performed for degrees of free-

dom. For significant results, partial eta squared (ηp2) is reported as a measure of effect 

size. Furthermore, we also calculated the statistical power for significant post-hoc results. 

The magnitudes of the stress responses for the hormones included in this study were 

estimated by the area under the curve with respect to the increase (AUCi) and to the 

ground (AUCg), based on the trapezoidal formulae [46]. Whereas the AUCi is calculated 

with respect to the baseline measurement, the AUCg is considered the distance from zero. 

For psychological state variables, we calculated the change score of each scale by us-

ing resting to post-task to baseline scores. T-tests were conducted with Levene’s test for 

equality to test for potential group differences. 

Correlational analysis was performed to assess whether there were associations be-

tween the variables (psychological state baseline and change score with hormonal base-

line levels and AUC of each hormone). Nevertheless, we think it would be appropriate to 

run Bonferroni corrections, considering only relationships with a p value lower than or 

equal to 0.001 significant. 

Finally, data analyses were performed using SPSS 26.0 (SPSS IBM). All reported p-

values were two-tailed, and p ≤ 0.05 was considered significant. Average values are ex-

pressed as mean ± SD and mean ± SEM. 

3. Results 

3.1. Participant Characteristics and Appraisal Scores 

When assessing group differences in anthropometric and demographic variables, no 

group differences were found (see Table 1). 

Regarding appraisal assessment, IPVAW perpetrators did not differ from controls on 

perceived stress (t(33) = 0.693, p = 0.697; 2.63 ± 2.27 and, 2.97 ± 2.81, respectively), satisfac-

tion (t(33) = −0.488, p = 0.628; 6.45 ± 2.26 and, 6.15 ± 0.81, respectively), or the internal locus 

of control (t(33) = 0.809, p = 0.424; 5.65 ± 3.05 and, 6.37 ± 1.95, respectively). 

3.2. Group Differences in Response to the Laboratory Task (Hormonal and Psychological State 

Variables)  

Initially, no significant ‘time’ effects were found for any hormonal variable included 

and/or their ratios (p > 0.05). Nonetheless, significant ‘time x group’ interactions were 

found for Csal [F(3, 99) = 2.71 p = 0.049; η2 = 0.076, Figure 1a) and the Tsal/Csal ratio [ε = 

0.57, F(1.70, 56.20) = 3.89 p = 0.032; η2 = 0.105, Table 2 and Figure 1b]. Post-hoc t-tests con-

firmed that groups differed on their Csal and Tsal/Csal ratio levels, specifically at post-

task (t(23.86) = −2.39, p = 0.025, d = 0.83, 1352.73 ± 563.79, 95% CI = −2516 to −188) and 

t(22.29) = 2.29, p = 0.031, d = 0.64, −0.044 ± 0.019, 95% CI = 0.004 to 0.08). Specifically, IPVAW 

perpetrators presented lower Csal and higher Tsal/Csal ratio levels at post-task. Moreo-

ver, we also found a significant ‘group’ effect for OXsal [F(1, 33) = 4.47, p = 0.042, η2 =0.12], 

with IPVAW perpetrators presenting higher total OXsal levels than controls (4.74 ± 0.09 

and 4.47 ± 0.09, respectively) (Table 2 and Figure 1c). Statistical power for each post-hoc 

test was 1. 
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(a) 

 

(b) 

 

(c) 

Figure 1. Csal (a), T/C ratio (b), and (c) Oxsal levels for IPVAW and control groups. Note. Csal: 

Salivary Cortisol; Csal/Tsal ratio; Salivary Cortisol and Testosterone ratio; IPVAW: Intimate 

Partner Violence; OXsal: Salivary Oxytocin. * p < 0.05. 
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Regarding STAI-S, a significant ‘time’ effect was only found for STAI-S [F(1, 33) = 

 7.24, p  = 0.011; η2 = 0.180), with IPVAW perpetrators and controls presenting higher levels 

before the laboratory task (24.73 ± 4.70 and 23.94 ± 5.17, respectively) than after it (21.44 ± 

5.57 and 22.94 ± 5.16, respectively). However, no significant ‘time’ or ‘time x group’ effects 

were found for STAXI-2 S or PANAS (positive or negative affect). Additionally, we did 

not find differences between groups in change scores for STAI-S (t(33) = 0.934, p = 0.357), 

STAXI-2 (t(33) = −1.75, p = 0.089), PANAS positive (t(33) = −1.33, p = 0.193), or PANAS 

negative affect (t(33) = 0.208, p = 0.837) (Table 3). 

Table 2. Means and Standard Error of the Mean for Hormones in Each Group. 

 

IPVAW Perpetra-

tors  

(n = 19) 

Controls  

(n = 16) 

Mean 

Difference 
CI (95%) 

F ANOVA 

(Time × 

Group) 

Significance 

(p Value) 

Partial Eta 

Squared 

(ηp2) 

Tsal (pg/mL)       

Baseline 141.58 (22.04) 131.81 (20.51) 9.77 −52 to 71 0.58 0.60 0.02 

Preparatory 107.58 (0.007) 127.81 (19.67) −20.23 −0.75 to 34    

Post-task 137.22 (16.74) 126.50 (17.85) 10.72 −39 to 60    

Post-task +20 122.57 (15.90) 131.37 (22.23) −8.79 −64 to 47    

Csal (pg/mL)        

Baseline 2.722 (297.12) 2.848 (311.93) −126.64 −1005 to 752 2.71 0.05 0.08 

Preparatory 3.108 (372.22) 2.947 (345.55) 161.18 −886 to 1209    

Post-task 2.557 (274.58) 3.910 (492.50) * −1352.73 −2516 to −188.75    

Post-task +20 2.855 (325.36) 3.446 (433.33) −591.87 −1700 to 516    

OXsal (log-transformed)        

Baseline 4.67 (0.100) 4.62 (0.162) 0.05 −0.32 to 0.42 0.99 0.40 0.03 

Preparatory 4.86 (0.096) 4.51 (0.184) 0.35 −0.05 to 0.76    

Post-task 4.73 (0.132) 4.22 (0.179) 0.50 0.04 to 0.96    

Post-task +20 4.72 (0.115) 4.55 (0.238) 0.17 −0.38 to 0.72    

Tsal/Csal ratio        

Baseline 0.06 (0.009) 0.05 (0.009) 0.01 −0.02 to 0.03 3.89 0.03 0.11 

Preparatory 0.04 (0.005) 0.05 (0.011) −0.02 −0.04 to 0.009    

Post-task 0.08 (0.018) 0.04 (0.006) * 0.04 0.004 to 0.08    

Post-task +20 0.05 (0.008) 0.04 (0.007) 0.01 −0.01 to 0.03    

Tsal/OXsal ratio        

Baseline 1.57 (0.325) 1.52 (0.321) 0.05 −0.88 to 0.99 1.01 0.36 0.03 

Preparatory 0.95 (0.213) 2.52 (1.249) −1.56 −3.93 to 0.80    

Post-task 1.31 (0.222) 2.12 (0.629) −0.81 −2.10 to 0.49    

Post-task +20 1.19 (0.206) 2.03 (0.755) −0.84 −2.49 to 0.81    

Csal/OXsal ratio        

Baseline 29.98 (6.618) 34.85 (6.647) −4.87 −24 to 14 0.67 0.47 0.02 

Preparatory 26.21 (4.254) 58.28 (29.87) −32 −88 to 24    

Post-task 28.39 (6.713) 56.04 (11.140) −27 −53 to −2.10    

Post-task +20 30.39 (6.614) 46.71 (12.488) −16 −43 to 10    

Note. Csal: Salivary Cortisol; IPVAW: Intimate Personal Violence; OXsal: Salivary Oxytocin; Tsal: Salivary Testosterone. * 

p < 0.05. 
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Table 3. Means and Standard Error of the Mean for Hormones and Psychological state variables in Each Group. 

 
IPVAW Perpetrators 

(n = 19) 

Controls 

(n = 16) 

Mean 

Difference 
CI (95%) 

F ANOVA 

(Time × Group) 

Significance 

(p Value) 

Partial Eta Squared 

(ηp2) 

STAI-S        

Baseline 24.74 (1.08) 23.94 (1.29) 0.79 −2.59 to 4.19 3.08 0.09 0.09 

Post-task 24.21 (1.04) 21.44 (1.39) 2.77 −0.70 to 6.25    

STAXI-2        

Baseline 17.79 (2.38) 15.31 (0.17) 2.47 −2.82 to 7.78 0.87 0.36 0.03 

Post-task 15.31 (0.18) 15.31 (0.19) 0.003 −0.62 to 0.63    

PANAS        

Negative affect         

Baseline 12.68 (0.83) 13.06 (0.71) −0.37 −2.65 to 1.89 
0.04 0.83 0.00 

Post-task 12.42 (0.63) 13.06 (1.28) −0.64 −3.41 to 2.12 

Positive affect        

Baseline 30.84 (1.35) 29.63 (1.54) 1.22 −2.93 to 5.37 
1.77 0.19 0.05 

Post-task 33.67 (3.09) 27.94 (2.03) 5.43 −2.12 to 12.98 

Note. IPVAW: Intimate Personal Violence against Women. 

No significant relationships were found between variables for the whole sample. 

Therefore, we decided to divide the sample into two groups. After splitting it into two 

groups, we assessed the relationship between the above-mentioned variables, considering 

only those correlations with a p value lower than or equal to 0.001 significant. In this re-

gard, we only found significant correlations for IPVAW perpetrators. Specifically, a sig-

nificant association was found between Csal baseline levels and STAI-S baseline (r = 0.686, 

p = 0.001). Moreover, we also found a significant association between the PANAS negative 

affect baseline and Csal AUCi (r = 0.646, p = 0.001), as well as between the Csal/OXsal ratio 

baseline and STAXI-2 baseline (r = 0.868, p < 0.001) and the STAXI-2 change score (r = 

−0.849, p < 0.001) (Table 4). 
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Table 4. Relationships of hormonal variables (baseline and AUC) with psychological state assessment (baseline and change score) for IPVAW perpetrators and 

controls applying Bonferroni correction. 

 
STAI-S 

Baseline 

STAI-S 

Change Score 

STAXI-2 

Baseline 

STAXI-2  

Change Score 

PANAS  

Negative  

Baseline 

PANAS  

Negative 

Change Score 

PANAS  

Positive  

Baseline 

PANAS  

Positive  

Change Score 

 IPVAW Controls IPVAW Controls IPVAW Controls IPVAW Controls IPVAW Controls IPVAW Controls IPVAW Controls IPVAW Controls 

Tsal baseline −0.346 −0.592 0.262 0.121 0.275 0.002 −0.236 −0.106 −0.126 −0.307 0.168 0.054 0.162 −0.342 −0.166 0.087 

Tsal AUCi 0.086 0.391 0.105 −0.127 −0.260 −0.127 0.255 0.242 0.337 0.110 −0.317 0.065 −0.496 0.110 0.156 0.076 

Tsal AUCg 0.157 0.386 0.105 −0.221 −0.209 −0.227 0.211 0.229 −0.335 −0.007 0.384 −0.104 −0.444 −0.158 0.122 0.257 

Csal baseline 0.686 ** −0.161 −0.662 0.204 −0.057 −0.102 −0.390 −0.067 −0.108 −0.305 −0.285 0.139 0.150 −0.034 −0.111 −0.028 

Csal AUCi 0.082 0.119 0.352 0.265 −0.344 −0.040 0.318 0.080 0.646 ** 0.171 −0.332 0.137 −0.438 0.204 0.022 0.039 

Csal AUCg 0.136 0.199 0.393 0.219 −0.237 −0.146 0.206 0.224 0.530 0.107 −0.271 0.139 −0.332 0.022 0.083 0.128 

OXsal baseline −0.321 −0.160 −0.175 −0.192 −0.451 −0.603 0.435 0.424 −0.054 0.253 0.237 −0.046 −0.290 −0.076 0.221 −0.172 

OXsal AUCi 0.382 0.246 0.195 0.175 0.295 0.145 −0.296 −0.027 0.057 0.135 −0.193 0.109 0.228 0.292 −0.013 0.150 

OXsal AUCg 0.326 0.236 0.208 0.099 0.186 0.004 −0.185 −0.027 0.190 0.070 −0.088 0.111 0.118 0.333 −0.165 0.062 

Tsal/Csal ratio 

baseline 
−0.117 −0.466 0.418 −0.061 −0.025 0.018 0.031 −0.056 0.138 −0.144 0.243 −0.007 −0.001 −0.276 −0.086 0.172 

Tsal/Csal ratio 

AUCi 
−0.186 −0.425 0.413 0.125 0.013 0.147 −0.017 −0.044 0.039 −0.100 0.272 0.095 0.076 −0.152 −0.005 0.387 

Tsal/Csal ratio 

AUCg 
−0.264 −0.425 0.054 −0.032 0.213 0.107 −0.173 0.199 −0.250 0.061 0.316 −0.175 −0.036 −0.464 −0.091 0.126 

Tsal/OXsal ra-

tio baseline 
−0.105 −0.345 0.092 0.140 0.603 0.511 −0.565 −0.448 −0.102 0.031 0.014 0.046 0.278 −0.166 −0.226 0.025 

Tsal/OXsal ra-

tio AUCi 
−0.546 −0.367 0.400 0.258 −0.052 −0.054 0.118 −0.009 0.209 −0.153 0.010 −0.131 −0.275 −0.071 −0.212 0.112 

Tsal/OXsal ra-

tio AUCg 
−0.482 −0.274 0.523 0.116 −0.014 −0.001 0.065 −0.132 0.083 −0.119 −0.073 −0.042 −0.357 −0.010 −0.138 0.041 

Csal/OXsal ra-

tio baseline 
0.172 −0.061 −0.325 0.174 0.868 ** 0.420 −0.849 ** −0.418 0.442 0.006 −0.246 0.067 0.253 −0.035 −0.153 0.032 

Csal/OXsal ra-

tio AUCi 
−0.028 −0.284 0.268 0.260 −0.084 −0.058 0.098 −0.054 −0.085 −0.160 −0.451 −0.084 −0.392 0.024 −0.200 0.093 

Csal/OXsal ra-

tio AUCg 
−0.127 −0.197 0.147 0.244 0.183 0.135 −0.171 −0.287 0.050 −0.043 −0.162 −0.039 −0.184 0.118 −0.138 0.067 

Note. AUC: Area Under the Curve; Csal: Salivary Cortisol; IPVAW: Intimate Personal Violence Against Women; OXsal: Salivary Oxytocin; Tsal: Salivary Testos-

terone. ** p ≤ 0.001. 
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4. Discussion 

This is one of the first studies to investigate changes in specific hormonal parameters 

(including Tsal, Csal, and OXsal as well as their ratios) in response to acute stress (without 

emotional biases) in a group of IPVAW perpetrators in comparison with controls. Our 

data revealed that IPVAW perpetrators had lower Csal and higher Tsal/Csal ratio levels 

than controls in response to acute stress immediately after the stress task, that is, during 

the post-task period. Moreover, IPVAW perpetrators presented higher total levels (aver-

age) of OXsal than controls. It is necessary to highlight that the statistical power for the 

post-hoc test was adequate. After splitting the sample into groups to assess the relation-

ships between the variables, in IPVAW perpetrators, higher Csal baseline levels were re-

lated to higher baseline anxiety levels. Furthermore, the higher the negative baseline af-

fect, the higher the Csal increases during the laboratory stress task. Finally, we also found 

that higher Csal/OXsal ratio baseline levels were related to higher state anger baseline 

levels and lower change during a laboratory task of state anger. 

The stress protocol included in this study has shown its suitability for promoting 

hormonal changes in previous studies with non-violent individuals [25,27–29], even car-

diorespiratory and electrodermal variations in IPVAW perpetrators [47]. Nonetheless, the 

current study did not support this because a significant ‘time’ effect was not obtained for 

the hormonal variables. The absence of a significant ‘time’ effect in this study might be 

explained by the relatively low number of saliva samples collected. For example, we only 

collected four saliva samples, whereas previous studies collected more than eight samples 

during laboratory stress tasks [25,27–29]. Moreover, psychophysiological variables are 

more sensitive to time changes because they are continuously registered during a sus-

tained period (Romero-Martínez et al., in press). Most importantly, the absence of a ‘time’ 

effect could not be explained by the stress perception (appraisal assessment) because the 

groups did not differ. Furthermore, the current assessment of appraisal (stress perception 

and satisfaction) was similar to previous studies that obtained significant ‘time’ effects 

employing the same stress protocol [25,47]. 

The fact that the groups only differed in a specific time, such as post-task on the Csal 

and Tsal ratio, partly supported previously published research in this field [15–17]. We 

previously hypothesized that IPVAW perpetrators would present a higher Tsal/Csal ratio 

because these individuals present higher imbalances between the two hormones. In fact, 

the current study also demonstrated a higher ratio, but it also differed in Csal levels in-

stead of Tsal levels, as previously pointed out [15,16]. Differences between previous re-

search and the current study would be explained by the laboratory stress task employed; 

that is, a psychosocial stressor based on an emotionally biased topic was previously em-

ployed. More importantly, this study extended previous results, concluding that there 

was a different physiological pattern of response to coping with stress in general that was 

not explained by an emotional stress topic, differential appraisal assessments, or the pres-

ence of drug misuse. 

The main novelty of this research is the assessment of OXsal and how this hormone 

varies in response to acute stress. It has been hypothesized that violent individuals are 

characterized by flattened or even hypoactive functioning of the hypothalamus-pituitary-

adrenal axis, which is unable to control T production through its inhibiting effect on the 

hypothalamus. This would explain the higher levels of T (imbalance between these hor-

mones) observed in violent [48] and chronically stressed individuals, with hormonal im-

balance also being associated with anger proneness [15–17]. OXsal tends to be positively 

related to Tsal and inversely to Csal [18,19]. Hence, our data revealed that IPVAW perpe-

trators presented higher total OXsal levels than controls, which might be explained by the 

low levels of Csal in this group. Unfortunately, correlational analysis did not support sig-

nificant relationships between the hormones. Despite the absence of significant relation-

ships between the hormonal variables, it might be possible to explore other biochemical 

ways the three hormones and subsequent violence proneness are related. Moreover, it is 
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particularly important to highlight that we are working with the free fraction of hormones 

in saliva, which tends to differ from central nervous system accounts or those parts that 

play an active role. In any case, our data are congruent with a previous study, and they 

establish that increased OX levels were related to high IPVAW, particularly in highly ag-

gressive individuals [23]. However, it is particularly important to mention that these hor-

mones tend to indirectly affect aggressive behavior by modulating, for example, emo-

tional processing [2]. Hence, further research should explore in what ways hormones ex-

plain violence proneness, in order to design better interventions by interfering in these 

systems. In fact, it would be interesting to include other hormonal parameters such as 

vasopressin, which closely interacts with OX. Lastly, we would like to highlight that it 

would be a mistake to establish reductionist explanations for the association between 

these hormones and violence proneness, with endogenous levels interacting at different 

levels in approaching and avoiding different behaviors. 

Curiously, we did not find differences in the psychological state response to the la-

boratory stress task (e.g., anxiety, anger, or negative affect), even though state anxiety lev-

els and negative affect were only related to Csal changes in response to the laboratory 

stress task in IPVAW perpetrators. This might explain, at least in part, specific Csal differ-

ences between groups in response to an acute laboratory stressor. This is partly consistent 

with previous results in this field. Only in IPVAW perpetrators were hormonal variables 

related to psychological state variables [16]. 

The current study makes a considerable contribution to this field of research, but sev-

eral limitations should be taken into account in interpreting our data. The first one is the 

small sample size; thus, our findings should be considered a pilot study to guide future 

research. Nevertheless, this limited sample size could be compensated by the large num-

ber of saliva samples collected or the use of a non-emotionally biased laboratory stress 

task. Furthermore, the assessment of endogenous levels of OXsal might offer a broader 

understanding of violence proneness. In any case, additional research is needed to explore 

these patterns in larger samples. Second, the characteristics of the participants included in 

this study limited the external validity of our results, making it necessary to include a 

more heterogeneous sample with different profiles in future research. Third, the assess-

ment of a single session was an important limitation to the reliability of the biological 

measurements. To understand whether differences between participants could be ex-

plained by a differential allostatic load, it would be particularly important to collect saliva 

samples in different sessions, including five weekdays to increase the reliability of the 

hormonal measurements. Fourth, the correlational and uncontrolled nature of this study 

limited the establishment of causal associations between variables. Therefore, it is im-

portant to be cautious about the interpretation of our data. However, our data are novel 

because only a few studies have paid attention to these biological parameters and their 

interrelationships. This study is part of an ongoing research effort to improve our under-

standing of how IPVAW perpetrators cope with acute stress. Additionally, we also con-

sider it particularly important to find out whether these biological parameters allow us to 

differentiate among different types of IPVAW perpetrators (e.g., family only vs those who 

perpetrate violence against others; psychopathic profiles…), or even compared to other 

subsamples of violent individuals of both genders. Finally, it is particularly interesting to 

highlight that future studies should attempt to replicate these results by comparing dif-

ferent types of laboratory tasks, some related to IPVAW and others unrelated. This would 

make it possible to standardize laboratory procedures and reinforce their reliability for 

future research. 

5. Conclusions 

In summary, this manuscript reveals the existence of hormonal differences between 

IPVAW perpetrators and controls in coping with stress, although it is necessary to keep 

in mind that these differences are subtle and temper the generalization of our conclusions. 

This research represents an advance in the comprehension of how these men cope with 
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acute stress, and it shows that their profile is somewhat different from that of non-violent 

men. Our results provide evidence to support the hypothesis of the existence of an imbal-

ance between Tsal and Csal in violent populations, with these individuals also differing 

in other pituitary hormones such as OX. This reinforces the need to include several bio-

logical parameters and their associations to understand violence proneness, instead of iso-

lated biological markers. Thus, it would be necessary to include hormonal parameters to 

develop and understand IPVAW perpetrators’ ability to cope with acute stress. These cor-

relates of behavioral regulation might be useful for studying potential changes in IPVAW 

perpetrators after intervention programs. These biological markers also could be em-

ployed as complements to profiling in IPVAW perpetrators. For example, hormonal mark-

ers might be combined with other personality and/or psychological variables to build 

IPVAW typologies to predict treatment adherence and risk of IPVAW recidivism. 

Author Contributions: Conceptualization, Á.R.-M., L.M.-A. and M.L.; methodology, Á.R.-M., L.M.-

A. and M.L.; investigation, Á.R.-M., M.-C.B.-G., M.R.-A., L.M.-A. and M.L.; resources, Á.R.-M., M.-

C.B.-G., M.R.-A., L.M.-A. and M.L.; data curation, Á.R.-M.; writing—original draft preparation, Á.R-

M.; writing—review and editing, Á.R.-M., M.-C.B.-G., M.R.-A., L.M.-A. and M.L.; funding acquisi-

tion, Á.R.-M., L.M.-A. and M.L. All authors have read and agreed to the published version of the 

manuscript. 

Funding: This project was supported by a 2018 Leonardo Grant for Researchers and Cultural Crea-

tors, BBVA Foundation. The Foundation accepts no responsibility for the opinions, statements and 

contents included in the project and/or the results thereof, which are entirely the responsibility of 

the authors. Moreover, this work was supported by the University of Valencia (UV-INV-AE18-

780697, UV-INV-AE18-779244 and UV-19-INV_AE19) and the Spanish Ministry of Health, Consume 

and Social Services, National Drug Plan (PND2018/021), the Spanish Ministry of Science and Inno-

vation (PID2019-111412RB-I00) and Generalitat Valenciana (GV/2020/202 and AICO/2020/052). 

Institutional Review Board Statement: After agreeing to participate in our study, volunteers signed 

an informed consent, which was elaborated according to the Helsinki Declaration and approved by 

the University of Valencia Ethics Committee (code: H1348835571691). 

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to 

publish this paper 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Glenn, A.L.; Raine, A. Neurocriminology: Implications for the punishment, prediction and prevention of criminal behaviour. 

Nat. Rev. Neurosci. 2014, 15, 54–63. doi:10.1038/nrn3640. 

2. Heise, L.L.; Kotsadam, A. Cross-national and multilevel correlates of partner violence: An analysis of data from population-

based surveys. Lancet Glob. Health 2015, 3, e332–e340. 

3. Gracia-Leiva, M.; Puente-Martínez, A.; Ubillos-Landa, S.; Páez-Rovira, D. La violencia en el noviazgo (VN): Una revisión de 

meta-análisis [Dating violence, Meta-analysis review, Socio-ecological model, Risk and protective factors]. An. Psicol. 2019, 35, 

300–313. 

4. Moya-Albiol, L.; Romero-Martínez, Á. Neurocriminología [Neurocriminology]; Pirámide: Madrid, Spain, 2020. 

5. Rippon, G. Gender and Our Brains: How New Neuroscience Explode the Myths of the Male and Female Minds; Vintage Books: NY, 

USA, 2020. 

6. Nelson, R.J.; Kriegsfeld, L.J. An Introduction to Behavioral Endocrinology, 5th ed.; Sinauer Associates: Sunderland, MA, USA, 2017. 

7. Pinto, L.A.; Sullivan, E.L.; Ronsebaum, A.; Wyngarden, N.; Umhau, J.C.; Miller, M.W.; Taft, C.T. Biological correlates of intimate 

partner violence perpetration. Aggress. Violent Behav. 2010, 15, 387–398, doi:10.1016/j.avb.2010.07.001. 

8. Booth, A.; Dabbs, J.M., Jr. Testosterone and men’s marriages. Soc. Forces 1993, 72, 463–477, doi:10.1093/sf/72.2.463. 

9. Cohan, C.L.; Booth, A.; Granger, D.A. Gender moderates the relationship between testosterone and marital interaction. J. Fam. 

Psychol. 2003, 17, 29, doi:10.1037//0893-3200.17.1.29. 

10. Julian, T.; McKenry, P.C. Relationship of testosterone to men’s family functioning at mid-life: A research note. Aggress. Behav. 

1989, 15, 281–289, doi:10.1002/ab.2480150403. 

11. Soler, H.; Vinayak, P.; Quadagno, D. Biosocial aspects of domestic violence. Psychoneuroendocrinology 2000, 25, 721–739. 

doi:10.1016/S0306-453000022-6. 

12. Romero-Martínez, Á.; Lila, M.; Moya-Albiol, L. Alcohol abuse mediates the association between baseline T/C ratio and anger 

expression in intimate partner violence perpetrators. Behav. Sci. 2015, 5, 113–120, doi:10.3390/bs5010113. 



Int. J. Environ. Res. Public Health 2021, 18, 5831 14 of 15 
 

 

13. Romero-Martínez, Á.; Lila, M.; Moya-Albiol, L. Testosterone and attention deficits as possible mechanisms underlying impaired 

emotion recognition in intimate partner violence perpetrators. Eur. J. Psychol. Appl. Leg. Context 2016, 8, 57–62, 

doi:10.1016/j.ejpal.2016.01.001. 

14. Romero-Martínez, A.; Lila, M.; Moya-Albiol, L. The testosterone/cortisol ratio moderates the proneness to anger expression in 

antisocial and borderline intimate partner violence perpetrators. J. Forensic Psychiatry Psychol. 2016, 27, 135–144, 

doi:10.1080/14789949.2015.1096415. 

15. Romero-Martínez, A.; González-Bono, E.; Lila, M.; Moya-Albiol, L. Testosterone/cortisol ratio in response to acute stress: A 

possible marker of risk for marital violence. Soc. Neurosci. 2013, 8, 240–247. doi:10.1080/17470919.2013.772072. 

16. Romero-Martínez, Á.; Lila, M.; Sariñana-González, P.; González-Bono, E.; Moya-Albiol, L. High testosterone levels and sensi-

tivity to acute stress in perpetrators of domestic violence with low cognitive flexibility and impairments in their emotional 

decoding process: A preliminary study. Aggress. Behav. 2013, 39, 355–369, doi:10.1002/ab.21490. 

17. Romero-Martínez, A.; Lila, M.; Conchell, R.; González-Bono, E.; Moya-Albiol, L. Immunoglobulin A response to acute stress in 

intimate partner violence perpetrators: The role of anger expression-out and testosterone. Biol. Psychol. 2014, 96, 66–71, 

doi:10.1016/j.biopsycho.2013.11.009. 

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

19. Love, T.M. The impact of oxytocin on stress: The role of sex. Curr. Opin. Behav. Sci. 2018, 23, 136–142. 

doi:10.1016/j.cobeha.2018.06.018. 

20. Striepens, N.; Kendrick, K.M.; Maier, W.; Hurlemann, R. Prosocial effects of oxytocin and clinical evidence for its therapeutic 

potential. Front. Neuroendocrinol. 2011, 32, 426–450. doi:10.1016/j.yfrne.2011.07.001. 

21. Dekkers, T.J.; van Rentergem JA, A.; Meijer, B.; Popma, A.; Wagemaker, E.; Huizenga, H.M. A meta-analytical evaluation of the 

dual-hormone hypothesis: Does cortisol moderate the relationship between testosterone and status, dominance, risk taking, 

aggression, and psychopathy? Neurosci. Biobehav. Rev. 2019, 96, 250–271, doi:10.1016/j.neubiorev.2018.12.004. 

22. Sollberger, S.; Ehlert, U. How to use and interpret hormone ratios. Psychoneuroendocrinology 2016, 63, 385–397, 

doi:10.1016/j.psyneuen.2015.09.031. 

23. DeWall, C.N.; Gillath, O.; Pressman, S.D.; Black, L.L.; Bartz, J.A.; Moskovitz, J.; Stetler, D.A. When the love hormone leads to 

violence: Oxytocin increases intimate partner violence inclinations among high trait aggressive people. Soc. Psychol. Personal. 

Sci. 2014, 5, 691–697, doi:10.1177/1948550613516876. 

24. Jarnecke, A.M.; Barden, E.; Back, S.E.; Brady, K.T.; Flanagan, J.C. Intimate partner violence moderates the association between 

oxytocin and reactivity to dyadic conflict among couples. Psychiatry Res. 2018, 270, 404–411, doi:10.1016/j.psychres.2018.10.003. 

25. De Andrés-García, S.; Moya-Albiol, L.; González-Bono, E. Salivary cortisol and immunoglobulin A: Responses to stress as pre-

dictors of health complaints reported by caregivers of offspring with autistic spectrum disorder. Horm. Behav. 2012, 62, 464–474, 

doi:10.1016/j.yhbeh.2012.08.003. 

26. Dickerson, S.S.; Kemeny, M.E. Acute stressors, and cortisol reactivity: A meta-analytic review. Psychosom. Med. 2002, 64, 105, 

doi:10.1037/0033-2909.130.3.355. 

27. Romero-Martínez, Á.; Moya-Albiol, L. Stress-induced endocrine and immune dysfunctions in caregivers of people with eating 

disorders. Int. J. Environ. Res. Public Health 2017, 14, 1560, doi:10.3390/ijerph14121560. 

28. Romero-Martínez, Á.; Moya-Albiol, L. Reduced cardiovascular activation following chronic stress in caregivers of people with 

anorexia nervosa. Stress 2017, 20, 390–397, doi:10.1080/10253890.2017.1343815. 

29. Vitoria-Estruch, S.; Romero-Martínez, Á.; Lila, M.; Moya-Albiol, L. Could Alcohol Abuse Drive Intimate Partner Violence Per-

petrators’ Psychophysiological Response to Acute Stress? Int. J. Environ. Res. Public Health 2018, 15, 2729, 

doi:10.3390/ijerph15122729. 

30. Lila, M.; Gracia, E.; Catalá-Miñana, A. Individualized motivational plans in batterer intervention programs: A randomized 

clinical trial. J. Consult. Clin. Psychol. 2018, 86, 309, doi:10.1037/ccp0000291. 

31. Contell-Guillamón, C.; Gual-Solé, A.; Colom-Farran, J. Test para la identificación de transtornos por uso de alcohol (AUDIT): 

Traducción y validación del AUDIT al catalán y castellano. Adicciones 1999, 11, 337–347, doi:10.20882/adicciones.613. (In Span-

ish) 

32. Saunders, J.B.; Aasland, O.G.; Babor, T.F.; De La Fuente, J.R.; Grant, M. Development of the alcohol use disorders identification 

test (AUDIT): WHO collaborative project on early detection of persons with harmful alcohol consumption-II. Addiction 1993, 88, 

791–804. 

33. Vélez-Moreno, A.; González-Saiz, F.; López, J.R.; Linares, E.T.; Fernández-Calderón, F.; Rojas, A.J.; Lozano, Ó.M. Adaptación al 

español de la Substance Use Severity Scale: Resultados preliminares [Spanish adaptation of the Substance Use Severity Scale: 

Preliminary results]. Adicciones 2013, 25, 339–347. 

34. Cardenal, V.; Sánchez, M.P.; Ortiz-Tallo, M. Adaptación y Baremación al Español del Inventario Clínico Multiaxial de Millon-III 

(MCMI-III); TEA: Madrid, Spain, 2007. 

35. Straus, M.A.; Hamby, S.L.; Boney-McCoy, S.; Sugarman, D.B. The revised conflict tactics scales (CTS2): Development and pre-

liminary psychometric data. J. Fam. Issues 1996, 17, 283–316, doi:10.1177/019251396017003001. 

36. Muñoz-Rivas, M.J.; Andreu Rodríguez, J.M.; Graña-Gómez, J.L.; O’Leary, D.K.; González, M.P. Validation of the modified ver-

sion of the Conflict Tactics Scale (M-CTS) in a Spanish population of youths. Psicothema 2007, 19, 693–698. 



Int. J. Environ. Res. Public Health 2021, 18, 5831 15 of 15 
 

 

37. De Andrés-García, S.; Sariñana-González, P.; Romero-Martínez, A.; Moya-Albiol, L.; Gonzalez-Bono, E. Cortisol response to 

stress in caregivers of offspring with autism spectrum disorder is associated with care recipient characteristics. Stress 2013, 16, 

510–519. 

38. Romero-Martinez, A.; Nunes-Costa, R.; Lila, M.; Gonzalez-Bono, E.; Moya-Albiol, L. Cardiovascular reactivity to a marital con-

flict version of the Trier social stress test in intimate partner violence perpetrators. Stress 2014, 17, 321–327. 

39. Romero-Martínez, A.; Lila, M.; Williams, R. K.; González-Bono, E.; Moya-Albiol, L. Skin conductance rises in preparation and 

recovery to psychosocial stress and its relationship with impulsivity and testosterone in intimate partner violence perpetrators. 

Int. J. Psychophysiol 2013, 90, 329–333. 

40. Spielberger, C.D.; Gorusch, R.L.; Lushene, R.; Vagg, P.R.; Jacobs, G.A. Manual for the State-Trait Anxiety Inventory; Consulting 

Psychologists Press: Palo Alto, CA, USA, 1983. 

41. Spielberger, C.D.; Gorsuch, R.L.; Lushene, R.E.; Cubero, N.S. STAI: Cuestionario de Ansiedad Estado-Rasgo [State-Trait Anxiety 

Inventory (STAI)]; TEA Ediciones: Madrid, Spain, 1999. 

42. Spielberger, C.D. Manual for the State-Trait Anger Expression Inventory-2; Psychological Assessment Resources Odessa: Lutz, FL, 

USA, 1999. 

43. Miguel-Tobal, J.; Casado, M.; Cano-Vindel, A.; Spielberger, C. Inventario de Expresión de Ira Estado-Rasgo (STAXI-2) [State-Trait 

Anger Expression Inventory (STAXI-2)]; TEA Ediciones: Madrid, Spain, 2001. 

44. Sandín, B.; Chorot, P.; Lostao, L.; Joiner, T.E.; Santed, M.A.; Valiente, R.M. The PANAS Scales of Positive and Negative Affect: 

Factor Analytic Validation and Cross-cultural Convergence. Psicothema 1999, 11, 37–51. 

45. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Lawrence Erlbaum Associates, Inc.: Hillsdale, NJ, USA, 1988. 

46. Pruessner, J.C.; Kirschbaum, C.; Meinlschmid, G.; Hellhammer, D.H. Two formulas for computation of the area under the curve 

represent measures of total hormone concentration versus time-dependent change. Psychoneuroendocrinology 2003, 28, 916–931, 

doi:10.1016/s0306-453000108-7. 

47. Romero-Martínez, A.; Lila, M.; Moya-Albiol, L. Sympathetic Nervous System Predominance in Intimate Partner Violence Per-

petrators After Coping with Acute Stress. J. Interpers. Violence 2021, doi:10.1177/0886260520985494. 

48. Montoya, E.R.; Terburg, D.; Bos, P.A.; Van Honk, J. Testosterone, cortisol, and serotonin as key regulators of social aggression: 

A review and theoretical perspective. Motiv. Emot. 2012, 36, 65–73, doi:10.1007/s11031-011-9264-3. 


